SECTION 6
ASSESSMENT OF GEOMORPHIC RECOVERY POTENTIAL IN THE
TWIN STREAMS CATCHMENT

While river condition describes the present geomorphic condition of a reach relative to a reference
condition, river recovery potential describes the likelihood of a reach recovering towards a restored or
created condition over the next 50-100 year period. Determination of recovery potential builds upon a
prediction of the trajectory of change a reach is likely to take. It is assessed against a physical vision of
the best-attainable catchment-wide river structure and function given the boundary conditions under
which the system presently operates. Such investigations must be framed in terms of limiting factors
(within system) and pressures (external to system) that impact upon the behaviour of the system.
Integral concepts in understanding the trajectory of change include the capacity for adjustment and
sensitivity of individual reaches and the biophysical linkages of reaches within a catchment. Before
appraising change to the morphology of a catchment, consideration of the natural range of variability
of each reach needs to be considered (Brierley and Fryirs, 2005). Each of the River Styles® in the Twin
Streams catchment has a distinct character and behaviour, dependent upon the position within the
catchment, slope, flow energy and valley width.

Assessment of river recovery combines results from the historical record analysis (Appendix I) with
field analysis. The evolutionary trajectory produced from this analysis is used as a basis to interpret
the sensitivity of each River Style®. This sensitivity analysis also uses data provided from the River
Styles® analysis, as river changes need to be viewed within the boundary conditions in which the reach
operates (Brierley and Fryirs, 2005). Following this analysis, the recovery trajectory for each reach is
presented, using the diagram provided by Fryirs and Brierley (2000). This diagram records the
movement of a reach away from its intact condition, as it moves toward either a restored, created or
degraded condition following a disturbance event. If a reach is resilient to disturbance, it will remain
near its intact condition, whereas if it is sensitive, or a threshold condition is breached so the river can
not self-adjust, the reach will move along a created of degraded pathway (Brierley and Fryirs, 2005).

This section presents results of sedimentology and geomorphic unit assemblage analyses for eight
study reaches (Figure 2.4), representing five River Styles®. River evolution, sensitivity and recovery
trajectory are then assessed for each study site. These results are extrapolated across the rest of the
catchment, based upon the pattern of River Styles®, framed in relation to pressures induced by
historical land use patterns.
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6.1 CONFINED LOW SINUOSITY GRAVEL BED RIVER STYLE®
6.1.1 Site 1: Opanuku - Pipeline track
Site 1 is situated in an upstream reach of Opanuku Stream, within a confined valley setting. It is
located immediately downstream of where a kauri dam was constructed (Diamond and Hayward,
1975). Today, mature secondary native vegetation covers the riparian margin and valley walls.

Sedimentology and Geomorphic Unit Analysis
The planform sketch and cross section in Figure 6.1 show that the channel is predominately lined by
the steep valley walls on both sides, with the exception of a remnant point bar on the inside of a
bedrock forced pool and curve in the channel. An exposure of this unit reveals that this unit is
comprised of poorly-sorted, matrix supported cobbles and boulders that are characteristic of an eroded
boulder point bar deposit. Up to 1.5 m of channel incision is inferred as boulders and cobbles are inset
above the contemporary bed. Geomorphic units within the study area include bedrock-forced pools,
riffles and runs.

Evolutionary Sequence
As shown in the evolutionary diagram in Figure 6.2 a, the only land use pressure this site has been
subjected to since European arrival has been the clearance of kauri in the riparian margin and valley
slopes. This channel is inferred to have been a single channel, with a geomorphically heterogeneous
pattern, comprised of units such as a boulder point bar (interpreted from the bank exposure). Wood
would have acted as a forcing element for geomorphic units such as forced bars, with the dense kauri
bush providing wood to the channel. In addition to the historical record evidence of bed and bank
scouring during dam operations (Copedo, 2003; Diamond, 1966; Diamond and Hayward, 1975; Scott,
1979), and roughness elements decreasing (Diamond and Hayward, 1975), scouring is also interpreted
from the presence of boulders and cobbles inset into the channel bank, and channel widening is
interpreted from the erosion scarp of the boulder bar. This would have been limited to local areas of
the channel, due to the high proportion of bedrock along the banks. While specific evidence
concerning post damming activities is not available for this reach, the area was generally left to
regenerate with native bush (Diamond, 1966).

Sensitivity Analysis
This reach is interpreted as being resilient to disturbance, primarily due to its location in a confined
valley setting. Channel morphology is largely imposed by bedrock, which restricts the reworking of
bedload fluxes through the reach.

The dominance of bedrock also restricts lateral planform

adjustments, with no additional channels being able to form.

Section 6 Geomorphic Recovery Potential

75

Figure 6.1 Planform sketch, cross section and sediment analysis of Site 1

Figure 6.2 a) Evolutionary trajectory and b) recovery diagram for Site 1
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Recovery Trajectory
Kauri damming produced substantial channel incision (≥ 0.5 m), and localised channel widening,
placing the reach along a pathway of degradation. Due to the resilience of the reach, it is interpreted
that no thresholds of change in process were breached. The return of roughness elements, such as
riffles and wood indicate that this reach is now moving along a restoration trajectory, and today
resembles its characteristic state prior to European disturbance (Figure 6.2 b).

6.1.2 Site 2: Oratia – Otimai Guide Camp
Site 2 is located on an upstream reach of Oratia Stream, within a confined valley setting similar to that
of Site 1. The riparian margin and slope vegetation has largely regenerated, with the exception of
localised patches of bush clearance.

Sedimentology and Geomorphic Unit Analysis
This channel is confined on both sides by steep, densely vegetated valley walls. A heterogeneous
geomorphic composition was observed at this site (see Figure 6.3) including within-channel bedrockforced pools, riffles and runs. A lateral boulder bar, approximately 5 m long and 1m wide was also
observed upstream of the cross section.

The only out-of-channel unit observed within the study reach was a localised bench, approximately 10
m long, 5 m wide, and approximately 2 m high above the base of the channel. An exposure of this
unit was composed of a sandy-clay loam, with clay content increasing with depth. A metal coil was
observed at approximately 1 m depth, indicating that the bench was deposited after European arrival.
Lateral erosion was not observed as in other benches in the catchment, and there is no evidence of
recent vertical accretion. The vegetation observed (grasses and shrubs) likely provides some stability
to this unit. Its gravel base was approximately 0.8 m above the current bed height, indicating that
incision of the channel has occurred. Like Site 1, the presence of boulders and cobbles inset into the
valley margin is indicative of channel incision.

Evolutionary Sequence
As shown in Figure 6.4 a, the evolutionary sequence inferred for Site 2 is similar to that of Site 1.
Historical sources (Copedo, 2003; Diamond, 1966; Diamond and Hayward, 1975; Scott, 1979),
boulders and cobbles inset into the channel bank, and the base of the bench being above the height of
the current channel, indicate that initial phases of adjustment in response to the operation of kauri
dams included channel incision, widening and loss of instream roughness. Limited documented
evidence also suggests that channels became silted from debris trapped behind dams, then released
during subsequent dam releases (Reed, 1953). This increase in sediment flux is inferred to have lead
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Figure 6.3 Planform sketch, cross section and sediment analysis of Site 2

Figure 6.4 (a) Evolutionary trajectory and (b) recovery diagram for Site 2
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to the formation of the bench unit observed at this site today. This small localised unit would have
formed where the channel had been locally widened and slopes were low enough to slow stream
power, thus fostering suspended load deposition.

Sensitivity Analysis
The sensitivity of this reach is inferred to be very similar to that of site 1, being located in a confined
valley setting, with bedrock limiting the capacity for morphological and planform adjustment.

Recovery Trajectory
Like Site 1, this reach is interpreted as following a pathway of restoration. The assemblage of
geomorphic units observed today closely resembles those that are interpreted to have existed in the
reach prior to European settlement. The bench units are very localised, and the nature of the deposit
suggests that this feature is not actively being reworked today. The return of roughness elements, such
as riffles and wood indicate that this reach is now moving along a restoration trajectory, and has
reached a characteristic state similar to that which is inferred to have existed prior to European
disturbance (Figure 6.4 b).

6.2 PARTLY CONFINED LOW SINUOSITY BEDROCK GRAVEL/COBBLE BED RIVER STYLE®
6.2.1 Site 3: Oratia – Knock-na-gree
This site is located approximately 3 km downstream of Site 2. Today, the left valley wall is dominated
by secondary native bush, with the floodplain dominantly comprised of exotic grasses. The site is
used as a camping and recreation area. The right valley wall is currently covered with scrub.

Sedimentology and Geomorphic Unit Analysis
The planform map for this site is shown in Figure 6.5. Floodplain pockets, extending approximately 40
m wide and up to 200 m long, line the channel. These floodplains have been incised by the channel,
with their height above the current channel bed being approximately 3 m. An exposure of the right
floodplain and an auger of the left floodplain were analysed. These units showed a high degree of
similarity. Both units lie upon a gravel base, and are characterised by a medium sand loam, which
increases in clay content with depth. The base of the auger sample (KNG3) has a very high organic
content, and contained coarse sands. The floodplain composition at this site is very different to that of
other sites in the catchment. This is an area of local valley widening, where flow energy is able to be
dissipated over a wider area compared to the confined reaches of the catchment. It is inferred that the
flow then becomes competence limited, with sediments consequently accumulating, forming an
alluvial floodplain. As these materials are less cohesive than other floodplains within the catchment,
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there is an increased potential for floodplain erosion within this reach. Silt and sand was also observed
on the surface of the floodplain, which were deposited in recent high flow events (Whittaker pers.
comm., 2006) There is also a distinct lack of bedrock outcrops at this site, compared with much of the
catchment, where they are common. These insights suggest that at this location, the channel has a
greater capacity to self-adjust, with erosion of the alluvial floodplain during times of high flow and
low sediment flux, and accumulation during periods of high sediment flux. Human features, such as
drainage ditches and a secondary over-flow channel, have been created within this reach.

A small localised bench feature is observed on the right channel margin of the cross section. This
feature is smaller than other bench features in the catchment, being only approximately 5 m long, 2 m
wide and 1 m above the channel. Analysis of a bank exposure of this unit showed that it comprises of
a massive sand loam. Medium to fine sand deposits observed on top of the unit are inferred to have
been deposited during recent high flow events. As this unit is deposited on the outside of a bend, it is
interpreted to be a concave bench, formed by a secondary circulation cell which forms during high
flow events (e.g. Erskine and Livingstone, 1999; Brierley and Fryirs, 2005).

Evolutionary Sequence
The evolutionary sequence for this site is shown in Figure 6.6 a. It is inferred that floodplain pockets
were present at this site before European arrival, due to the width of the valley being sufficiently wide
for stream energy to be dissipated, initiating alluvial floodplain development. Using reaches in a
comparable location from the Opanuku sub-catchment (e.g. Site 4), ergodic reasoning suggests that
this reach would have had a coarse-bed, with a high diversity of geomorphic units, forced through
bedrock and wood. During the operation of kauri dams located upstream of this site, it is inferred that
the existing floodplains would have been destroyed, as the channel expanded. This is supported by
anecdotal sources (Copedo, 2003; Diamond, 1966; Diamond and Hayward, 1975; Scott, 1979), and the
presence of a gravel base of the floodplain units analysed. Extensive floodplain may have occurred
here as the channel shifted across the valley floor, as it is reported that channel straightening occurred
in those reaches subjected to damming (Scott, 1979). Increased roughness following the initial dam
operation has been reported (Hayward and Diamond, 1966), and this is also supported by the high
abundance of wood found at the base of the auger. Following damming, if the channel was subjected
to straightening, the reach would have developed its low to moderate sinuosity, abutting both sides of
the valley wall, as observed today. The floodplains are interpreted as continuing to aggrade, with high
flow events depositing sand and silts on the floodplain surface. Fine material is also being stored in
localised bench units, for example on the outside of bends in conjunction with secondary circulation
cells.

There is also a relatively high volume of fine sediment stored in the channel, with the

development of units such as sand point bars, and in the base of pool units.
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Figure 6.5 Planform sketch, cross section and sediment analysis of Site 3

Figure 6.6 (a) Evolutionary trajectory and (b) recovery diagram for Site 3
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A deep pool is observed on the most upstream bend of the study reach. This pool is approximately 5
m wide, 5 m long, and 1.5 m deep. Runs dominate the channel through this reach, however where the
sediment locally coarsens and channel widens, riffles have developed. Sand bars have also developed
on the inside of the downstream bend of the channel. These are interpreted to have formed through
the forcing of vegetation.

Sensitivity Analysis
This reach is inferred to be moderately sensitive. Today, there is no bedrock control upon the channel,
therefore the bed material character is largely controlled by availability from sources upstream, and
the subsequent history of transportation events. As the floodplain is comprised of sand deposits, it is
less cohesive compared with other floodplains in the catchment. Therefore, channel size and shape are
able to adjust laterally and vertically as the floodplain and bed are eroded. The instream geomorphic
units are subjected to high reworking potential, due to their non-cohesive nature.

Recovery Trajectory
It is interpreted that this reach is following along a restoration trajectory. The high flux of finegrained sediment that the reach has been subjected to since damming has meant that there has been an
alteration to the flux boundary conditions under which the reach operates. However, as the area
draining into the reach upstream has been revegetated, it is inferred that the sediment flux has now
returned to a similar level to that prior to European disturbance. The return of a predominately gravel
and cobble bed, along with the development of a heterogeneous within-channel geomorphic unit
assemblage indicates that this reach is moving along the restoration trajectory, and is not continuing to
degrade (Figure 6.6 b).

6.2.2 Site 4: Opanuku - Candia Road
This site is located approximately 3.5 km downstream of Site 1 in the Opanuku sub-catchment, in a
partly confined valley setting. An area of native bush remains on the left valley margin and a mixed
native and exotic riparian margin lines the right channel bank.

Sedimentology and Geomorphic Unit Analysis
A planform map of the study reach is shown in Figure 6.7. Similar to site 1, this reach is
geomorphically diverse. The channel is pinned against the left valley wall, with a floodplain pocket
located on the right side of the channel. This floodplain is approximately 5.5 m above the base of the
channel, with the channel deeply incised into this unit. It is approximately 30 m wide and 1 km long.
An exposure of this unit shows that it consists of a silt loam, similar to the other floodplains examined
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in the catchment. For the clay loam to form, the floodplain must have had sufficient roughness to trap
fine grained sediment. Very dense vegetation may have provided the roughness element required for
this to occur. Massive clay loam, consistent with that found in the right-hand floodplain, was found on
the left valley side at a similar elevation to the floodplain on the right bank, indicating that this may
have been a floodplain in the past. Today, this surface is not topographically flat, indicating that this
floodplain pocket was almost completely destroyed.

Bench units, approximately 3 m wide and 20 m long, are sporadically located along the channel
margin. They are by a gravel base, indicating that they have been deposited atop a wider gravel bed
channel. This base is also approximately 0.5 m above the height of the current channel, indicating that
incision has occurred.

A laminated deposit overlies this base, with eight upward fining layers of

sands. Loose sand deposits, interpreted to be from recent high flow events, were observed on top of
the bench units. While this is indicative of vertical accretion, the channel face of the bench is being
eroded. These processes indicate geomorphic responses to flow events of differing magnitudes. Flows
that do not overtop the unit erode the face of the bench, while flows which inundate the units deposit
the fine sediment load.

A number of within channel geomorphic units were observed. A remnant lateral bar, approximately
15 m long and 3 m wide, is located on the right side of the channel. The proximal side of the bar has
been eroded, leaving an erosion face. An exposure in this feature was shows a layer of upward fining
boulders and cobbles, overlain by a fine pebble layer. This layer is overlain by approximately 0.6 m
of upward fining sands, and 0.2 m of topsoil. Bedrock also acts as a forcing factor for pool
development. A diversity of bar features is observed, with lateral and mid-channel features and
associated riffles. There is a high proportion of bedrock on the bed and banks of the channel, limiting
erosion processes.

Evolutionary Sequence
The evolutionary sequence for this site is shown in Figure 6.8 a. This site has a more varied history
compared to Sites 1 and 2. Little is known about the channel before European arrival. From the
formation of a clay dominated floodplain, it is inferred that very dense vegetation covered the
floodplain, and floodplains would have flanked both sides of the channel (as inferred from analysis of
OCR4).

Local exposures of bedrock would have forced the development of pools, and the

heterogeneity of the bed would have been high, with wood forcing the development of gravel bars.

During the operation of the kauri dams, the channel would have initially incised and widened
(Copedo, 2003; Diamond, 1966; Diamond and Hayward, 1975; Scott, 1979), with roughness elements
decreasing. Evidence of this is also provided by the field analysis, with the left floodplain being
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Figure 6.7 Planform sketch, cross section and sediment analysis of Site 4

Figure 6.8 (a) Evolutionary trajectory and (b) recovery diagram for Site 4
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destroyed. Further evidence is provided by the base of OCR2, which is approximately 0.5 m above
the present channel bed. There is limited evidence to suggest that following the initial scour and
erosion, channels became silted from debris supplied to the reach during subsequent dam releases
(Reed, 1953). It is during this time that storage units, such as lateral bars, would have developed, with
the release events allowing larger clasts to be transported downstream, and the bed material reworked.
Subsequently, fine-grained sediment supply is inferred to have been maintained, from upstream
reaches (e.g. as storage units such as benches were reworked) and from reworking of the floodplain
during the digging of kauri gum and subsequent establishment of farms on the floodplain and hillslopes. The channel today is inferred to be slowly laterally adjusting within the confines of the
floodplain as indicated by the lateral bar on the right side of the channel being destroyed as the bench
unit on the left margin of the channel is created.

Sensitivity Analysis
This reach shows moderate resilience, with local capacity for adjustment. It takes very extreme events
for the floodplain to be destroyed, as it comprises cohesive fine material. Hence, lateral adjustment of
the channel is highly restricted. As channel capacity has increased since European setlement, it would
now take an even larger event to provide enough energy to destroy the floodplain. The within-channel
storage units, such as benches, are easily reworked in moderate flood events. As they are
topographically lower, they are frequently inundated and are comprised of less cohesive material than
the floodplain. The bed material adjustments are largely dependent upon material availability from
upstream sources, and the number of transporting events.

Recovery Trajectory
This site is shown to have degraded as the channel has deepened and widened and the floodplain has
been reworked. The pathway to degradation continued with the subsequent increase in sediment
supplied to the channel.

A restored condition is now being worked towards, with the channel

adjusting to the increased sediment flux through the formation of new storage units (i.e. benches).
Instream geomorphic diversity has increased, and is thought to resemble that of the pre-disturbance
condition (Figure 6.8 b).

6.3 PARTLY CONFINED LOW SINUOSITY FINE BED RIVER STYLE®
6.3.1 Site 5: Waikumete - Kaurilands Domain
This site is located in the Waikumete sub-catchment, in the upper reaches of the main trunk stream.
The site is located within a recreation reserve. As extensive landscaping has taken place, special care
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is required while interpreting units. The site selected for analysis represents the least modified crosssection.

Sedimentology and Geomorphic Unit Analysis
The planform map of this site (Figure 6.9) shows that this reach has very little geomorphic diversity.
A single narrow, incised channel has formed, approximately 2 m wide and 1 m deep. The valley
margin consists of gently rolling hill-slopes, which are dominated by housing developments. Bricks
found within upper layers of a bank exposure on the right channel margin were likely deposited by a
stormwater overflow channel. Floodplain pockets, approximately 15 m wide and 200 m long have
developed. An auger analysis of a floodplain pocket on the right hand side of the channel shows that
there has been topsoil development to a depth of approximately 0.5 m. Two layers of upward fining
sand loams underlie this soil development, each layer approximately 0.3 m thick. These layers
contained a high concentration of organic debris. Underlying this layer is a silt loam, comparable to
that of the loam found on the right valley wall, and with other floodplain deposits found throughout
the catchment.

A small localised bench unit has developed where the channel has locally widened. This unit is
approximately 0.6 m above the base of the channel, 5 m long and 3 m wide. An auger analysis of this
unit showed a thin layer of topsoil development (approximately 0.1 m), which is underlain by a layer
of upward fining sand loam. The base of this structure comprises of a peat layer, approximately 0.2 m
deep. This layer lies atop of a bedrock base.

The within channel geomorphic structure shows poor diversity, with glide units dominating the
channel. Variation in flow and sediment accumulation is forced through vegetation, with a high
abundance of within-channel vegetation (e.g. Zantedeschia aethiopica (Death lily)).

Evolutionary Sequence
The evolutionary sequence for this site is shown in Figure 6.10 a. This sub-catchment has a markedly
differing land use history to that of the Oratia and Opanuku sub-catchments and consequently the
evolutionary pathway is very different.

Unlike the Oratia and Opanuku sub-catchments, the

Waikumete sub-catchment was not subjected to the operation of kauri dams. A variety of anecdotal
sources and local government records indicate that this site, prior to European arrival, was
characterised by an intact valley fill (Diamond, 1966; Scott, 1979; Vela, 1989). Evidence of a valley
fill is also provided by the field analysis, where peat was found at the base of the bench unit, and the
floodplain base is comprised of a clay loam, with the overlying layer containing a very high organic
layer. These swamps were then drained as the valley slopes were cleared of vegetation, and the land
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Figure 6.9 Planform sketch, cross section, and sediment analysis of Site 5

Figure 6.10 (a) Evolutionary trajectory and (b) recovery diagram for Site 5.
(The inferred trajectory for the piped and channelised reaches is also shown)

Section 6 Geomorphic Recovery Potential

87

became utilised for small-scale urbanisation and horticulture. As the swamps were drained, a small
incised channel with little geomorphic diversity has developed. This planform has persisted over time,
as the area has become increasingly urbanised. Floodplain pockets have also formed where the valley
locally widens. The study reach also contained slumped banks, which has locally widened the
channel, creating space for bench units to form.

Sensitivity Analysis
It is interpreted that the reach has been highly sensitive in the prior to European settlement. However
as the boundary conditions of this reach have changed with human disturbance, and a new River
Style® has developed, this sensitivity has decreased. The Intact valley fill was highly sensitive to
change, displaying marked changes in the character and behaviour to the reach as it was drained to
form a single channel. This altered character and behaviour displays less capacity for adjustment.
Due to the low capacity of the channel, it is inferred that the number of channels is not able to
increase. With the altered hydraulic regime inferred from the high abundance of stormwater inputs
into this reach, high flow events will be more common. This promotes bank erosion and reworking of
the floodplain. Given the low bedload, the channel has limited capacity to modify the range of
instream geomorphic units observed.

Recovery Trajectory
It is interpreted that this reach is following a path of degradation. The boundary conditions under
which the reach is inferred to have operated have been drastically altered as a consequence of draining
the intact valley fills, therefore restoration is not possible at this site. The stormwater network largely
controls the hydraulic regime and the channel has adjusted to this altered flux condition. There is
capacity for further adjustment along the creation pathway as the riparian margin is being restored, and
as exotic plants are removed from the channel (Figure 6.10 b).

6.3.2 Site 6: Waikumete – Glen Eden Picnic Area
This site is located approximately 2 km downstream of Site 5, at the downstream transition of a partly
confined valley to a laterally unconfined valley. The study site is located within a recreation area.
However, the right floodplain and distal extent of the left floodplain have housing and industrial
developments. The riparian margin comprises a mix of exotic and native trees, ferns, shrubs and
grasses through the reach.
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Sedimentology and Geomorphic Unit Analysis
This reach comprises floodplains along both sides of the channel margin (Figure 6.11).

These

floodplains have been deeply incised into, with the floodplain approximately 5 m above the channel
base. Exposure analyses of the floodplain on both sides of the channel show it is similar to other parts
of the catchment, comprising of a clay loam. Particularly on the right side of the channel, this
sediment is extremely cohesive, and forms a bedrock-like base to localised areas of the channel bed.

Evolutionary Sequence
The evolutionary sequence for this site is shown in Figure 6.12 a. This site has followed a very similar
land use history to that of Site 5. However there is no evidence that this site was once an intact valley
fill. It is interpreted that the pre-disturbance condition of this site was a densely vegetated floodplain,
with a predominately coarse bed single channel. Wood would have been a dominant forcing element,
provided to the channel from the riparian margin. This would have forced features such as lateral and
mid channel bars, and possibly pools.

This area was subjected to forest clearance with the logging of Kauri. Like Site 5, this sub-catchment
was not subjected to the operation of kauri dams. It is inferred that the fine sediment flux to the reach
would have increased greatly, with a lagged response following the clearance of the valley slopes and
floor. With the loss of vegetation stabilising the channel bed and banks, it is inferred that the channel
would have widened and incised into the floodplain. Subsequently, the channel became capacitylimited, and draped by a fine layer of sediment. There would have also been a loss of instream
roughness elements, with the loss of the wood forcing elements (as vegetation clearance eliminated the
source).

The area was developed for agriculture and horticulture following logging (Vela, 1989). Following
the reworking of land, and the lack of vegetation cover, it is inferred that the sediment flux would have
lowered over time from the initial influx of sediment. Without the sustained higher levels of fine
sediment being input into the reach, this sediment would have been flushed through the system. The
area began to urbanise from the 1920s (Vela, 1989). It is noted that in the early 1920s-1930s the
streams in the lower part of the catchment were hard-bottomed (Copedo, 2003), but by the 1940s a
secondary flux of fine sediment was being propagated in the channel (Waitakere City Council, 2003a).
It is interpreted that this is when the bench units would have begun to form, as sediment for their
formation would have been provided by the increase in sediment flux, and the brick found in the
sediment analysis suggests that this unit developed in this period of higher sediment flux. It is also
interpreted that while some areas of the channel were effectively narrowing with bench development,
in other areas the channel was widening, with the council carrying out works to mitigate erosion of
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Figure 6.11 Planform sketch, cross section and sediment analysis of Site 6

Figure 6.12 (a) Evolutionary trajectory and (b) recovery diagram for Site 6
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channel banks. This may be a function of the floodplain being more cohesive in some parts of the
reach than others. ‘Pinching’ of the channel may occur, where a bench is observed inset into the left
floodplain.

This is an elongate unit, being approximately 30 m long and 4 m wide, and is

approximately 2 m above the base of the channel. The base of this unit is comprised of a massive sand
loam, and extends below the current channel bed. Atop of this layer lies a fine green sand layer. It is
inferred that this would have been deposited during one flood event where a green sand source was
supplied to the reach from the reworking of a source upstream. The upper layer is comprised of a
massive sand loam. This layer contained a brick, approximately 0.5 m from the top of the exposure,
indicating that the layer must have been deposited after European arrival in the area.

There is a moderate array of instream geomorphic units. Riffles and glides are dominant, with little
pool development. Small lateral gravel bars have developed, forced by local obstructions (e.g. wood).
These bars show very poor sorting, and comprise of clasts up to approximately 15cm (b-axis). Local
exposures of extremely cohesive floodplain material have prevented the channel from widening.
Sediment therefore may be forced to accumulate upstream, on the lee side of this obstruction. The
field analysis location was also located immediately upstream of a tributary confluence, which may
have facilitated the development of the bench unit. During this time, the channel also developed
roughness elements, with trees, both native (e.g. Kowhai) and exotic (e.g. Willow) (Copedo, 2003)
planted in the riparian strip, adding wood to the channel. It is also reported that there were large
volumes of urban litter dumped in the channel (Waitakere City Council, 2002a).

It is inferred that as construction decreased in the upstream areas of the sub-catchment, the sediment
yield has decreased over time. Development of the stormwater network has altered the hydraulic
regime, and consequently fine-grained sediment has been transported through the reach, forming the
fine and coarse sediment mixed bed observed today. This may have also been promoted by the
clearing of the channel carried out in the 1980s and 1990s by the local government body to reduce
flooding of the floodplain. This increases flow velocity and promotes bed degradation (e.g. Knighton,
1998). The bench unit here appears to be relatively stable over the short term, as no erosion scarps are
visible and the unit is densely vegetated with exotic weeds.

Sensitivity Analysis
This reach is interpreted as being moderately resilient. While this reach is located in a partly confined
valley, the floodplains are comprised of a very cohesive silt loam, which acts as an alternative form of
lateral confinement. The bed character is largely constrained by the input of sediment from upstream.
However, as there is low stream power at this site, the capacity to transport large amounts of sediment
is limited and the bed is prone to the movement of sand slugs. While the bench unit appears to be a
relatively stable feature, it may be reworked during extreme events.
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Recovery Trajectory
It is interpreted that this reach is following a restoration trajectory. This trajectory differs from other
restoration trajectories within the catchment as it demonstrates a pulsed history. Following the initial
expansion, incision and subsequent silting of the channel, this reach began on a pathway of restoration,
as fine-grained materials were flushed from the reach, and geomorphic heterogeneity returned to the
channel to some extent. However, with a secondary flush of fine-grained sediment through the reach,
the channel began to degrade from this condition. Today, as the fine-grained materials are less
dominant in the channel, it is inferred that the channel is beginning along a secondary restoration
trajectory. This trajectory differs from the first pathway because of the formation of bench units
which act as medium-term storage units. This indicates the channel is further up the restoration
pathway relative to the first restoration trajectory phase, as the channel capacity has returned to a
similar level as inferred previous to European disturbance, and the within channel geomorphic unit
assemblage is returning to a similar structure (Figure 6.12 b).

6.3.3 Site 7: Opanuku – Border Road
This site is located approximately 3 km downstream of Site 4, in the lower reaches of the Opanuku
sub-catchment. It is also located in a partly confined setting, with the channel pinned to the left valley
wall. Secondary native bush covers the lower part of the left valley wall, and while the right
floodplain has been largely developed for housing, the riparian margin has recently been replanted
with natives.

Sedimentology and Geomorphic Unit Analysis
A large floodplain is located on the right side of the channel (Figure 6.13) and is approximately 300 m
wide, 500 m long and 5 m above the channel. An auger of the floodplain showed that it is comprised
of a clay loam, similar to that of most of the other floodplains observed within the catchment.
Approximately 100 m of the floodplain has been rehabilitated to some extent, with the replanting of
natives and creation of open space. A back channel has developed within this margin, which is
interpreted as a human induced feature due to the reworking of land following the removal of the
houses which once occupied the site.

An elongate bench unit is observed inset into the right floodplain. It is approximately 30 m long, 5 m
wide and sits approximately 3.5 m above the base of the channel. The base extends below the current
bed level, indicating that the bed has aggraded. A number of differing depositional layers lie atop the
woody base of the auger analysis. The first layer, approximately 1 m deep, contains coarse sands.
Five layers of differing sand sizes overlie it, with no apparent clast size pattern. It is interpreted that
these layers are indicative of differing depositional events. Loose sand was also observed atop this
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unit, indicating that it is continuing to aggrade today. The instream geomorphic units are relatively
homogenous. The bed is dominated by silt and sand, with glides the most common geomorphic unit
observed. Local exposures of bedrock are very common and in some instances, force the development
of pools where flow is slowed or deflected.

Evolutionary Sequence
The evolutionary sequence for this site is shown in Figure 6.14 a. The initial land use change that this
reach has undergone is similar to that of Site 4. It is interpreted that this reach would have been very
similar to that of Site 4 prior to European arrival, being situated in a similar valley setting with similar
floodplain composition, and localised exposures of bedrock. With the onset of the operation of kauri
dams, the adjustment would have also followed a very similar trajectory of change, with channel
incision and expansion, followed by an increase in roughness elements.

After the area became developed for agriculture and horticulture, there is anecdotal evidence that the
fine-grained materials were flushed through the channel. From the 1950s (and continuing today), the
area was developed with dense housing (Waitakere City Council, 2002a). It is inferred that like the
Oratia and Waikumete Streams, local sedimentation would have combined with upstream land use
activity to increase fine sediment flux through the reach, and the channel bed would have become
choked with fine sediment, as it remains today. Bench units have also developed at this site, which is
inferred to have occurred during this period, acting as a medium-term storage unit for the increased
sediment load supplied to the channel. The low stream power at this site has meant that like Site 6, the
channel does not have the capacity to transport the large volume of fine sediment supplied to the
channel.

Sensitivity Analysis
This reach is interpreted as being moderately resilient. As shown by previous adjustments, there is
local potential for the reach to adjust laterally where it is not constrained by bedrock. The bed
character is limited by low stream power, showing low capacity to transport the large amount of fine
sediment supplied to it. As a consequence of this suspended load dominance, there is limited capacity
to increase the array of geomorphic units within the channel, with the limited diversity that is evident
being forced by bedrock.

Recovery Trajectory
This reach is following along a creation trajectory. Following the initial expansion, incision and
subsequent silting of the channel, which degraded the channel, this reach began on a pathway of
restoration, as fine-grained materials were flushed from the reach, and geomorphic heterogeneity

Section 6 Geomorphic Recovery Potential

93

Figure 6.13 Planform sketch, cross section and sediment analysis of Site 7

Figure 6.14 (a) Evolutionary trajectory and (b) recovery diagram for Site 7
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returned to the channel to some extent. However, with a secondary flush of fine sediment through the
reach, the channel began to degrade from this condition. It is interpreted that this increased flux has
led the reach to a created condition, as the reach is now operating under altered boundary conditions.
The high volume of fine-grained sediment being supplied to the channel can not be transported from
the reach, and consequently the geomorphic assemblage has been altered from its inferred preEuropean characteristic state (Figure 6.14 b).

6.4 UNCONFINED LOW SINUOSITY WITH TIDAL INFLUENCE RIVER STYLE®
6.4.1 Site 8: Opanuku Stream – Cranwell Park
This site is located approximately 2.5 km downstream of Site 7, on the Opanuku trunk stream,
immediately upstream of the confluence with the Oratia trunk stream. This is located in a laterally
unconfined setting, however the channel is deeply incised into the floodplain, which been highly
modified by urban development. A riparian margin has been replanted along both channel margins.

Sedimentology and Geomorphic Unit Analysis
The deeply incised floodplains are continuous along both banks, being approximately 1 km in width
(Figure 6.15). The left floodplain sits approximately 8 m above the base of the channel, while the
right floodplain is approximately 5.5 m above the base of the channel. This floodplain is bound on its
right side by the Oratia stream, which influences its formation and reworking. An auger analysis of
the right floodplain showed that these floodplains are comprised of a clay loam, comparable to that of
the other floodplains within the catchment.

An elongate bench unit has formed along the right side of the channel. This unit is approximately 100
m long and 10 m wide, and sits approximately 3 m above the base of the channel. An exposure of this
unit revealed that the base of the unit has a very high wood content. This roughness element is
interpreted to have provided the initial trapping stimulus for the development of the bench. The
bottom layer of the unit is comprised of an upward fining sand loam, with high organic content.
Overlying this layer is a laminated sand loam deposit, approximately 2 m thick. There are 11 bands of
upward fining sands, with the base of each being comprised of coarse sand. It is interpreted that each
of these layers was deposited during a single depositional event.

A food wrapper was found

approximately 0.7 m from the top of the exposure, and was dated at being younger than 1998. It can
not be inferred exactly when this layer was deposited, however the minimum accumulation rate is 8
mm/yr. A high proportion of sand on top of this unit, along with the inferred rate of accumulation
indicated by the depth of the food wrapper, suggests that this unit is currently vertically accreting.
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Like the Candia Road site, the erosion face on the unit also suggests that the margin of the unit is
eroding.

The depth of this reach fluctuates with the tide. Between the high tide and low tide margin of the
channel, mud lines the channel bed. There is very little geomorphic diversity within the channel, but
locally dominant bedrock exposures are common throughout the reach. This forces the development
of pools in some locations of the channel. The channel bed is dominated glides and a bed comprised
of fine material.

Evolutionary Sequence
This reach has been subjected to the highest degree of direct channel alteration in the catchment and
has undergone the greatest variety of land use change since European arrival. It is interpreted that the
pre-disturbance condition was predominately a single gravel bed channel with a densely vegetated
floodplain (see Figure 6.16 a). Wood would have been a dominant forcing element, provided to the
channel from the riparian margin and would have forced features such as lateral and mid channel bars
and pools. Bedrock exposures would have also been common, forcing pool development.

This reach was subjected to the high flow events produced by the tripping of kauri dams. The kauri
mill was located approximately 500 m upstream of this site. While most of the logs transported by the
stream were trapped at the mill (during particularly large events, not all logs were able to be trapped),
the high water flow would have still subjected the reach to erosion. Therefore, it is inferred that this
reach would have been subjected to incision and expansion; however this would have been restricted
locally by bedrock exposures. This reach, like the other reaches subjected to dam operation, would
have experienced a dramatic increase in sediment yield, sourced from eroded banks and increased fine
inputs from the unvegetated slopes of upstream reaches.

Following the cessation of damming, the area remained unvegetated as gum digging ensued. The land
surrounding the reach was then utilised for a mixture of viticulture, horticulture and agriculture. The
sediment flux through the reach is inferred to have slowly declined, but only after the landscape was
reworked. Sediment would have also been supplied sporadically from upstream, as upstream parts of
the catchment were also reworked and developed. This sediment would have been flushed through the
reach, as by the 1920s it is reported that the reach had a hard-bottom channel, with boats being able to
navigate the channel. Photographic evidence (Appendix I, Figure I.3) shows that riparian vegetation
also re-established during this time.

By the 1940s, anecdotal evidence (Waitakere City Council, 2002b) suggests that the channel began to
become choked with silt. Around this time, it is noted that the area experienced a boom in
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Figure 6.15 Planform sketch, cross section and sediment analysis of Site 8

Figure 6.16 (a) Evolutionary trajectory and (b) recovery diagram for Site 8
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urbanisation, with suburbs developing in the upstream reaches and slopes of the catchment. Bank
stabilisation measures, such as the reinforcement of banks with mesh wire observed in the field,
suggests the reach is prone to bank erosion. Sediment transported to the reach from upstream sources
during high flow events is inferred to be deposited on the bench units, as inferred by the laminated
bedding of the exposure analysed (OCP1). It is interpreted that these units act as a ‘mini’ inset
floodplain for medium term storage, as the original floodplain is inundated only with very large events
(i.e. 1 in 10 years).

Sensitivity Analysis
This reach is interpreted to be moderately sensitive. The prominence of bedrock exposures along the
reach exerts a large control on the lateral stability of the channel. The low stream power of this reach,
like those observed at Sites 6 and 7, creates the situation in which the channel does not have the
capacity to transport the increased sediment supply through. Consequently, a soft bed has little
capacity to modify the range of geomorphic units.

Recovery Trajectory
This reach is following a pathway of creation, similar to that of Site 7.

Following the initial

expansion, incision and subsequent silting of the channel in response to the operation of kauri dams,
the channel was following a path of degradation. This reach then began on a pathway of creation, as
the fine-grained sediments were flushed from the reach, and geomorphic heterogeneity returned to the
channel to some extent. However, with a secondary flux of fine sediment through the reach, the
channel began to degrade from this condition. The reach is now inferred to be following a pathway of
creation, as the volume of fine sediment being supplied to the channel exceeds the capacity limits of
the flow, similar to that observed in Site 7 (Figure 6.16 b).

6.5 TRAJECTORY OF CHANGE FOR OTHER RIVER STYLES® IN TWIN STREAMS CATCHMENT
Evolutionary trajectories for five other River Styles® observed within the catchment, were not analysed
in the field. The character and behaviour analysis of the River Styles® analysis shows that these
reaches have little capacity for adjustment, or in the case of the Intact Valley Fill, this reach represents
a conserved remnant of the pre-European system.
The Piped and Channelised River Styles® are inferred to have progressed along an evolutionary
pathway similar to that of Site 5, however during urbanisation in the 1950s and 1960s, sections of the
channel became either piped or channelised. These are interpreted as imposed conditions upon the
channel. This trajectory of change, not outlined by Fryirs and Brierley (2000), is conceptualised as
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being past the point of creation on the degradation pathway as the geomorphic attributes of the reaches
are effectively eliminated. An imposed condition is differentiated from a degrading condition as the
channel will not continue on a pathway of deterioration, rather the channel has adjusted to a new
imposed condition.
The Steep bedrock confined headwater River Style® is very localised, being only present in the upper
reaches of the Opanuku catchment. It is largely dominated by bedrock and rugged topography, and
has extremely high stream power. This area has experienced very little land use change over time, only
being subjected to logging in the 1840s. Given its high stream power and dominance of bedrock, the
reach is inferred to be extremely resilient, and it has remained relatively intact since European
settlement.
The Confined low sinuosity mixed bed River Style® observed in the upper reaches of the Waikumete
sub-catchment is also inferred to have remained relatively intact since European arrival. This reach
has very little capacity for adjustment, being located within a confined valley setting. Very little
bedload is supplied to the reach due to the geologic imprint. As such, there is very little diversity of
instream geomorphic units.

Only one Intact valley fill remains in the catchment today. It is inferred that this reach has also
remained in its pre-European condition throughout settlement. While the surrounding landscape has
been subjected to development, an increased sediment load has not altered the form-process
associations, due to the extremely low stream power conditions.

6.6 CATCHMENT-WIDE RECOVERY POTENTIAL
While temporal considerations are important in determining the trajectory of change a rivers in a
particular catchment are following as they adjust to disturbance, spatial considerations are equally
important in examining and understanding adjustment processes. Distinct spatial patterns can be seen
in the distribution of geomorphic recovery potential within the Twin Streams catchment shown in
Figure 6.17. The Opanuku and Oratia sub-catchments show a strong downstream pattern of
geomorphic recovery potential. Upper catchment reaches in steep, confined and partly confined valley
settings have a high recovery potential. Mid catchment, partly confined reaches also show high
recovery potential, but are not as far along the recovery trajectory. The lower extent of the partly
confined valley setting in the Oratia sub-catchment and downstream reaches within the unconfined
valley setting of Henderson Creek are inferred to have moderate recovery potential. These reaches are
adjusting to a new condition. The Waikumete sub-catchment follows a completely different pattern,
as its upper catchment is less steep, less confined and streams have been directly modified. All but one
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of the headwater tributaries are inferred to have metamorphosed from an intact valley swamp,
following direct drainage. The tributaries which have been piped are inferred to have low recovery
potential. The mid and lower reaches show high recovery potential, in early phases, similar to those in
the Oratia and Opanuku sub-catchments.
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Figure 6.17 Catchment-wide pattern of recovery potential in the Twin Streams catchment

Differentiation of two important processes of note within this catchment arises from this analysis:
differentiation of floodplain and bench deposits and variability in incision and aggradation processes.
The sediment structures of the floodplain and bench deposits indicate that the bench units are
accretionary rather than erosional features. These depositional features are known as benches, while
erosional features are called ledges. The benches are comprised of a sand-silt mix, as opposed to the
cohesive clay loam comprising the floodplains in this catchment, which would remain had the units
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been eroded. The narrow, elongate shape of these features is also characteristic of bench deposits.
Benches throughout the catchment were found to be less stable than floodplain features, with active
erosion scarps being observed in the former. These analyses also indicate that there is variation in the
distribution of incision and aggradation processes. All reaches show evidence of incisional phases,
with the contemporary bed incised into previous bed deposits. An aggradational phase has begun to
follow this incisional phase in the partly confined and laterally unconfined reaches. Bench units, which
are indicative of channel contraction, have accompanied this aggradational phase. This indicates that
geomorphic recovery is underway. The dominance of fine bed material within the lower reaches are
also indicative of aggradational processes.

Sensitivity and Capacity for Adjustment
Reaches located in confined valley settings have shown little capacity for adjustment following land
use activities that have altered sediment and hydraulic regimes (e.g. Kauri damming). Due to the
limited capacity for lateral and vertical adjustment, channel planform and morphology have very low
potential for adjustment. Within theses sub-catchments, only bed incision is inferred to have occurred
in response to logging, as indicated in Figure 6.18 by the downward arrows. In this system, the
breaching of thresholds that initiate altered form-process associations require very extreme events,
which are interpreted to only occur over geologic timescales.

The partly confined and unconfined mid-catchment reaches are inferred to have a low capacity for
adjustment. However the capacity for change is greater than with the confined reaches. In these
reaches, channel morphology has been altered to some extent, although the cohesive structure of the
floodplains limits the erosive potential of the channel to laterally migrate, or the geometry to be altered
significantly. Bedrock exposures are also common throughout the catchment, limiting the capacity for
adjustment. Given these factors, many of the reaches have remained operating within the same River
Style®. The regular large scale dam tripping events were able to induce floodplain erosion and
channels were able to expand laterally and vertically (indicated in Figure 6.18), but not to the extent
where a threshold was breached to alter the form-process associations. This land use has altered the
capacity for adjustment within these reaches via channel widening, allowing for channel contraction,
which can be seen in the formation of benches throughout these reaches.

Flow energy is also an important control on the sensitivity of the reaches within this catchment. This
control is particularly profound where stream power is low, such as in the lower reaches of the
catchment and the upper reaches of the Waikumete sub-catchment. The low flow energy decreases the
capacity and competence of the reach to transport the altered sediment flux. Within these reaches, the
inferred increase in the volume of fine sediment following urban development can not be transported
downstream and consequently alters the channel beds from dominantly hard to soft substrates The
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lateral capacity for adjustment within these reaches is inferred to be similar to that of the middle
reaches in the catchment, with cohesive floodplains and common bedrock outcrops restricting lateral
movement of the channel. Channel widening following damming has also provided these reaches with
the capacity to contract.

Confined valley setting – high
flow energy

Partly confined valley setting –
moderately high flow energy

Partly confined/laterally unconfined
valley setting – low flow energy

Figure 6.18 The relationship between flow energy, capacity for adjustment and sensitivity in differing
valley settings in Twin Streams catchment

These differences in the ways in which each reach can adjust its channel to disturbance produce a
distinct spatial pattern in the capacity for adjustment of the channel within the catchment. Brierley et
al. (2006) stress the importance of geographic position relationships in determining potential for
recovery. Patterns of sensitivity are also dependent upon the pattern of sediment movement through
the system, with some reaches being more likely subjected to either high rates of sediment
accumulation or sustained rates of sediment starvation (Fryirs and Brierley, 2000).

Notions of

connectivity can provide insights into how sediment is able to be moved through the system, and
consequently the potential for recovery for reaches affected by changes to upstream reaches.

Connectivity
Disturbance propagation across space is primarily influenced by the patterns of sediment storage and
fluxes within the catchment (Brierley and Fryirs, 2005).

The assessment of sediment budgets,

sediment delivery and sediment fluxes are therefore critical for fluvial system understanding (Dollar,
2004). It is interpreted that changes to the sediment flux and the reworking of material in confined
reaches within this catchment are efficiently conveyed to the reaches in the partly confined and
unconfined valley settings. The flow energy is sufficient for the fine sediment supplied to the channel
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to be flushed through these reaches. This is inferred from the lack of floodplain storage units, and the
hard-bed channel that has been regained following periods of soft-bed channel which formed in
response to a pulsed increase in sediment following land disturbance. The combined low capacity for
adjustment in the upper and middle reaches of the catchment, with the inferred high connectivity of
sediment through these reaches result highly resilient channels.

Sediment generated and conveyed through the catchment is delivered and stored in the downstream
extent of the catchment. This is consistent with reported increases in sedimentation rates within the
Waitemata harbour which the catchment flows into (Hayward et al., 2006). While the lower reaches of
the catchment also have a relatively low capacity for adjustment, the storage of sediment provided
from the effective conveyance of upstream sources lowers the resilience of these reaches, decreasing
their recovery potential to a restored condition.
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SECTION 7
CONCLUSIONS AND IMPLICATIONS FOR RIVER MANAGEMENT

Sustainable approaches to river management adopt a future-focus and ensure that river rehabilitation
strategies fit the local environmental setting. Efforts to improve river condition (or health) must build
upon a landscape (geomorphic) template. Catchment-scale ‘visions’ should integrate linkages of
biophysical processes, generating a balanced approach to conservation and rehabilitation strategies.
Information generated through applications of the River Styles® framework link geomorphic measures
of river character and behaviour at the reach scale with catchment-scale understanding of patterns of
river processes and associated biophysical linkages. These linkages are affected by the connectivity of
the system (i.e. the ease with which disturbance responses in one part of the system are conveyed
elsewhere in the system). Understanding of these catchment specific relationships is required to ensure
that management strategies address the causes rather than the symptoms of environmental degradation.

In the River Styles® framework, river rehabilitation is viewed as a process of recovery enhancement,
in which management efforts strive to help the river to adjust naturally. Understanding river character,
behaviour, condition and recovery potential provides an integrative physical platform for river
rehabilitation planning. The degree to which river rehabilitation projects enhance recovery and are
self-sustaining is constrained by their compatibility with the dominant fluvial processes that determine
river morphology. River morphology and vegetation associations must be appropriately reconstructed
before sympathetic rehabilitation of riverine ecology will occur. Information gained should be used to
guide the derivation of management applications that maximise the geo-ecological potential of river
courses. This report concludes by providing a physical vision that works with the characteristics of the
River Styles® found in the Twin Streams catchment, providing a foundation to monitor improvement
and determine the success of river management strategies. The aim here is not to advise managers on
how to manage the catchment. Rather, we aim to indicate prospective use of the information provided
in this document, hoping to promote healthier river courses across the Twin Streams catchment.

7.1 A CATCHMENT FRAMED VISION
Vision statements must extend beyond generalised motherhood statements that have limited
operational utility, providing an explicit expression of catchment-scale goals. Such statements
encapsulate how an improved state of the system will look and function at some stage in the future.
Strategic visions are clear, but flexible. They are inspirational to those involved in the project,
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providing solid foundations and reference points in the rehabilitation process. Carefully crafted visions
serve as focal points for community-oriented river management programmes, generating goodwill and
commitment to the process of repair. To aid this process, it is helpful to pick iconic themes, such as
extending the abundance and diversity of fish populations (Mersey Basin Campaign, England), seeing
one’s toes (Chesapeake Bay, United States), or swimming in streams (Brisbane River, Australia).
Achieving these seemingly straightforward goals requires consideration of complex physical responses
and interactions. As noted by Brierley and Fryirs (2001), unless a realistic catchment-scale vision is
determined, river rehabilitation activities are unlikely to achieve their intended goals because:
•

Management programs react to the latest sets of threats or pressures, rather than adopting
longer-term, proactive approaches that address underlying causes of problems.

•

There is limited transparency in the decision-making process, making it difficult to be
strategic in conservation planning and prioritising management actions.

•

Catchment linkages of physical processes, and off-site impacts of reach-based programs, are
not given due attention.

•

These limitations are likely to render monitoring and auditing programs ineffective. As such,
an underlying sense of achievement may be compromised, impacting on community
engagement in the process.

Catchment framed physical visions must be based on a solid geomorphic template. They must be
realistically achievable in social, practical, and financial terms over a 50-100 year timeframe, but the
vision itself must be a living, flexible reality, rather than viewed merely as an endpoint. Derivation of
a realistic vision must consider ongoing and likely future pressures and limiting factors that will be
experienced in the catchment, and associated appraisals of prospective environmental changes. The
vision should aim to enhance recovery of the system. Target conditions and long-term goals for river
rehabilitation should be identified and incorporated into the details of the vision.

Catchment Vision for the Twin Streams
The existing vision identified in Project Twin Streams is “Working together for healthy streams and
strong communities: creating a sustainable future" (W.C.C. 2007). This has a focus on bank
restoration but also includes sustainable households, community interaction with the waterways and
public health in its area of influence. The project has adopted a ‘quadruple bottom line’ approach
which has environmental, economic, social and cultural objectives. Environmental objectives entail:

1. Integrate land use planning and management of the three waters to minimise flooding, reduce
pollution and siltation in streams and the harbour.
2. Integrate catchment management planning and application of the treatment-train approach.
3. Recreate and restore ecological corridors, extending the Green Network
4. Create lower impact footprints in the future through a low impact urban design and form.
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5. Encourage use of sustainable technologies.
6. Contribute towards the mitigation of climate change and upholding the Kyoto protocol.
7. Monitor and evaluate the effectiveness of PTS in improving the environmental and ecological
health of the catchment.
(Sourced from W.C.C. 2007)
This report is most applicable to the ecological component of these aims (objectives 1 and 7).
However, we recommend that these objectives should be extended to more specifically consider the
streams and the integrity of the ecosystems they contain. Below is a catchment vision based on the
information gained in this report. This perspective and understanding could be incorporated into the
existing vision to create a more holistic, scientifically based approach.

We believe that an appropriate physical vision for the catchment is to restore and create “physically
healthy and diverse streams that support well-balanced, complex and functioning ecosystems”. This
vision entails three major components across the catchment: the health of the physical structure of
rivers, water quality, and the resulting ecological integrity. More specifically, geomorphic aspects of
this vision should include the following considerations:
•

Ongoing efforts to maintain, and whereby appropriate enhance, the healthy, high quality streams
that occur in many headwater areas of the catchment. Given the peri-urban setting, these
streams are in remarkable condition. A ‘conservation first’ strategy should protect the inherent
geodiversity of these streams.

•

There are reasonable prospects for recovery along many mid-catchment streams in Oratia and
Opanuku subcatchments, especially given the healthy reaches upstream. In this highly
‘connected’ system, responses to earlier phases of disturbance in upstream reaches are already
underway, as mid-catchment reaches are recovering by reducing channel size via bench
formation. Only at the bottom end of the catchment are streams in a truly degraded condition.
Prospects to improve river condition in these downstream areas will only become realistic when
the effects of ‘threatening processes’ from upstream (especially the transfer of fine-grained
sediment) are reduced.

•

Streams that have readjusted to more natural functioning, with an appropriate range of instream
and floodplain geomorphic and hydraulic units. Reaches should act appropriately in terms of
their balance of erosional and depositional processes. Of particular note here is the need to
manage fluxes of fine-grained sediment. While erosion and flux are natural processes and
should be expected, the abundant stores of fine-grained sediments along altered river courses
should be ‘protected’ as far as practicable through vegetation measures, thereby minimising offsite impacts. Wherever possible, effort should be made to flush the high accumulations of finegrained sediment from the stream bed while minimizing re-supply, promoting a more
heterogeneous bed structure.

•

Reaches defined as ‘good’ geomorphic condition will increase. It is expected that upstream
reaches will all re-gain good condition, with localised areas of healthy streams in the mid- and
downstream sections becoming more frequent and longer. This will be aided by the increase in
large woody debris, which increases the physical heterogeneity of a stream.

•

The high biological diversity areas seen in the upper reaches will extend downstream as the
geomorphic condition improves. It is also expected that downstream sections will not only
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contain proliferations of a single more resistant species (i.e. snails), but have a greater range of
species suited to slower moving waters.
•

Vegetated banks and margins that offer shade, organic detritus (such as wood to maintain
diversity of structure), and buffer inputs.

•

Managed stormwater inputs that increase flood lag times. This should decrease bank erosion
and increase the retention of organic material that acts as important habitat and food sources for
biota.

This vision compliments work already underway in the catchment, framing these applications within
an ecosystem based approach. We feel that community-based work should be tied more explicitly to
environmental goals that aim to sustain a healthy and diverse ecosystem.

7.2 A STRATEGY TO ACHIEVE THE BIOPHYSICAL VISION
Rehabilitation efforts that strive to improve the health of aquatic ecosystems must build upon a sound
appreciation of the geomorphic structure and function of river systems, framing reach-scale efforts
within coherent catchment-scale plans (Wohl, Angermeier et al. 2005). Catchment-specific
investigations are required to appraise the prospects for geomorphic recovery, reflecting the range and
pattern of river types within the system, the nature of disturbance events, the sensitivity to change in
any given part of the system, and the way in which disturbance responses are propagated through the
system.

Among the many challenges facing resource managers is how to prioritise expenditure on river
management practices to enhance the likelihood of achieving the vision in the long term. Effective
river management planning requires a clear view of the proposed final outcome and a coherent set of
smaller rehabilitation projects embedded within the vision that provides a tangible route to success. In
some situations, better long-term outcomes, in both environmental and economic terms, may be gained
by allowing the system to undergo natural recovery (i.e. the ‘do nothing’ option). The nature and rate
of catchment-scale biophysical linkages are critical determinants of the effectiveness of self-healing
processes and tendencies. The procedures used to decide where in the catchment to start and the
associated plan of activities should be logical, testable, and transparent. A series of readily achievable
target conditions is required. While all endeavours are made to determine the best overall outcome, it
is inevitable that some reaches need to be prioritised over others. Through effective prioritisation of
efforts, tangible success can be achieved in a strategic manner, rather than spreading efforts so thinly
that little is achieved. The philosophical perspective that underpins the prioritisation strategy for
management efforts in the River Styles® framework is as follows (Brierley and Fryirs, 2005):
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1. Conservation precedes rehabilitation: Conserving intact reaches is considered of paramount
importance, given that this is the key to maintaining the biodiversity of aquatic ecosystems.
2. Strategic reaches: Attention needs to be given to conservation reaches.
3. High recovery potential reaches: These reaches are most likely to result in management
success. If recovery is underway within these reaches, the ‘do nothing’ approach is often
appropriate.
4. Consider the more difficult tasks: Reaches with moderate or low recovery potential are likely
to not yield substantive outcomes, adversely impacting on community confidence in the river
management process.

The following strategy is based on the geomorphic condition and the recovery potential patterns
throughout the Twin Streams catchment. Figure 7.1 provides a conceptual diagram of these patterns.
This strategy comprises a suite of short-medium term target conditions. This involves assessing what
is realistically achievable for each reach over years to decadal time-scales. Thus, as objectives are
achieved, the catchment vision needs to be reappraised.

Figure 7.1 Conceptualization of the changes to fluxes that have occurred in the Twin Streams catchment
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Along the upper to middle reaches of the Opanuku and Oratia, rehabilitation of the channel to a
geomorphic state similar to that which existed prior to human disturbance is a realistic vision for
rehabilitation activities. These streams show remarkably good condition and diversity, particularly for
rivers within a peri-urban setting. These systems have undergone substantial human disturbance from
kauri logging to more recent pastoral and urban development, but have managed to retain many of
their pre-European attributes. Retention of native vegetation and steep V-shaped valleys limit
prospects for further development pressures on the upper reaches. As the upstream reaches of the
Opanuku and the Oratia are largely in good condition, there remain good prospects for management
success in rehabilitation programmes. Prompt application of management techniques to promote and
enhance river recovery should be applied to protect these rivers. In these instances the ‘do nothing’
rehabilitation strategy is considered to be appropriate, allowing the system to self-rehabilitate via
natural means.

Retaining and extending these zones further into the mid catchment should be a major area of interest,
enhancing restoration of the riparian zone. The high heterogeneity and biodiversity of the region
contains a species pool that could be an important source area for downstream if an improvement in
geomorphic condition and water quality occurred. Retention of this character will be enhanced by
protecting riparian margins (a major aim of Project Twin Streams already) and ensuring that excess
sediment wash off from any construction and riparian planting is not delivered into the system. Many
smaller streams in this region run through pastoral and orchard landscapes. Improving riparian
vegetation along these streams, (such as the much degraded Gun Camp Stream) would be of major
benefit as these areas may be source zones for suspended sediments and nutrients. As riparian
vegetation cover stabilises, sediment yield is likely to diminish. The resilience of these reaches is
aided by their high slope and stream power, enabling flow to flush sediment downstream.
The lower reaches of the Opanuku and Oratia have been transformed into a new River Style® as excess
fine-grained material smothers all features on the bed. Management applications must recognise that
the pre-European state of these reaches does not provide an appropriate guide for rehabilitation plans.
Rather, efforts should strive to enhance the heterogeneity of river structure, recognizing explicitly the
altered boundary conditions under which this part of the river system now operates. Stormwater
management and riparian vegetation replanting would moderate sediment and water fluxes in this area.
However, the large volumes of fine-grained sediment likely have a very long residence time in the
system. Prospectively, artificial (constructed) log jams could locally increase the heterogeneity, flow
velocity and habitat availability in this reach.
The Waikumete has also been transformed into a new River Style®. Degradation of upstream reaches
makes rehabilitation prospects more difficult. The Intact Valley fill in the upper Waikumete should be

Conclusions

109

prioritised as a rare and important part of the system to retain. This River Style® was common in this
area prior to draining and redevelopment, making it an important relic of the environmental past
(Diamond 1966). Wetland sections such as this also have ecological importance as hotspots for
threatened plants and animals and important water filtering and regulatory environments (Clarkson,
Sorrell et al. 2004). This makes the preservation of this area particularly important as it affects
downstream areas in the catchment. Riparian planting could protect the edges of the wetland and
implementing filter or buffer strips at stormwater input areas could decrease rates of erosion while
promoting a more natural pattern of water retention and flow. The Waikumete mid-catchment sections
in good condition should be prioritised as areas to be enhanced, ensuring they retain these
characteristics.

7.3 MONITORING AND AUDITING IMPROVEMENT IN GEOMORPHIC RIVER CONDITION
Effective monitoring of river rehabilitation programs is a prerequisite for appraisal of successes and
failures. Unfortunately, such endeavours have largely been overlooked in many projects. This
oversight reflects, in part, the short term nature of many rehabilitation projects and associated funding,
a lack of ‘requirement’ to undertake monitoring, limited baseline information against which to monitor
change, and poor articulation of objectives of what to monitor and why (Kondolf, 1995; Kondolf and
Micheli, 1995). Underlying these factors is a lack of clearly-specified and measurable objectives.
Procedures for monitoring and auditing must be considered at the outset of any program. Post-project
appraisals that endeavour to learn from experience must be tied to pre-project data (Downs and
Kondolf, 2002). Adoption of adaptive management principles, whereby clearly definable and realistic
goals are regularly reappraised and readjusted, optimises the likely success of monitoring programs,
aiding the reinforcement of ideas and learning.

7.4 CONCLUSION
Urbanisation provides a challenge for river managers world-wide. As cities increase in size and
density, the magnitude of effects on river ecosystems are also likely to increase (Chin 2006). Urban
land use is complex with a multitude of potentially damaging activities, making it difficult to
understand the major drivers and their relevance for decreasing ecological structure and function
(Walsh, Roy et al. 2005). River systems have high inherent complexity and associated uncertainties,
rendering management, particularly within areas of high infrastructure and risk-aversion, difficult.
This implementation of the River Styles® Framework provides an opportunity to gain from a
comprehensive and place-based understanding about the system being managed.
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Prospectively, this geomorphic template can be extended to provide coherent scientific guidance with
which to inform the process of river repair. Ecological integrity is not a viable aim without first
addressing the state of the physical structure. If we wish to retain any aspect of biodiversity and
‘healthy’ environments in the future then it is integral we learn more about these systems today and
the best actions required to protect them. However, effective uptake of this understanding is dependant
upon meaningful communication of these principles to stakeholders, managers and decision-makers,
promoting collective commitment in conservation and rehabilitation activities.
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Appendix 1 - Historical Record Analysis
Geomorphic change is inferred from a variety of historical documents. Insights are presented for five
geographic areas of the Twin Streams catchment with common land use histories, as shown in Figure I.1.
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Figure I.1 Five geographic areas representing common land use histories as derived from historical record
analysis

Upper Oratia and Opanuku Sub-catchments
Kauri logging began throughout the catchment when Europeans first arrived in the 1840s and kauri dams
were constructed in many of the upper reaches (Flude, 1977; Garriock et al., 1991; Holt, 1933; Jones,
2002). While the slopes of the headwaters (confined reaches) in these sub-catchments were left to
regenerate with native bush, the foothills (partly confined reaches) were utilised for gum digging,
followed by a mixture of horticulture and agriculture (Burridge, 1990; Flude, 1977; Garriock et al., 1991;
Harvey, 1982). Today, this part of the catchment is largely being developed for lifestyle blocks
(Waitakere City Council, 2002a).
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Dams were built in strategic places in the upper parts of the catchment and periodically tripped (Jones,
2002) to transport logs to the mill near the lower Opanuku Stream (Figure I.2). Dramatic geomorphic
changes to the channels, resulting from altered hydraulic and sediment regimes during damming
operations have been recorded. The banks and riparian margins were directly and indirectly altered
(Figure I.3) by the operation of the dams, as vegetation was removed and in some cases the channels
were straightened:

The land was treated as roughly as the trees. All growth likely to impede the logs progress was levelled
along the banks of streams and the banks themselves were cut back to straighten the line of flow. As
Swanson said: ‘the streams were widened and the water shallowed by the very act of driving the timber
down them’… Thomas Parker, the victim of another miller, occupied land in a loop of Canty’s (Oratia)
Creek. The rush of logs and water from one drive completely destroyed his market garden and orchard.
(Scott, 1979:67)
To assist the drive, trees and shrubs on the banks were felled into the stream. This had the effect of
holding back the water so that instead of being dissipated and dispersed easily, it tended to bank up so
that rather than a sudden rush of water and logs one would see a tangled mass of branches, shrubs, ferns
and logs rolling and rumbling down the stream bed forced on its way by the impounded water. (Diamond,
1966:113)

Figure I.2 Kauri dam driving creek, views of single cill dam, 1974
(Photo B. Hayward, J.T. Diamond Collection. 2003.6.PH.5532.3
Waitakere Library and Information Services)

The operation of dams also caused dramatic scouring of the channel bed and banks:

…the main creek is three times wider than it was so that a vast quantity of land must have been carried
away (Scott, 1979:70).
These driving dams often did a great deal of damage to the stream banks and scoured out the bottoms of
the streams. (Copedo, 2003:5).
Most of this debris was swept along in front of the water released during its first drive while further
drives eroded away the bank of the stream widening and completely altering its appearance in many
cases. (Diamond and Hayward, 1975:26)
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After several drives, a driving creek was cleared of all undergrowth and obstacles and had become a wide
water course. (Diamond and Hayward, 1975:27)
It was an awesome sight to see logs weighing many tons being lifted as though they were matchsticks and
carried by the relentless water as it forced its way down stream scouring out the banks and leaving
landslides and devastation in its wake… stones would become imbedded in them so that every log had to
be inspected and any stones removed with a pick before being sawn. (Diamond, 1966:113-115)

After tripping of the dams, sediment began to accumulate in the channels (Reed, 1953:220).

In the earlier days the banks of most of the streams were high enough to keep the flooded waters within
reasonable bounds. Every time a dam was tripped, however, it carried down rocks, flotsam and jetsam of
timber and rubbish into the rivers, which eventually became silted up, thus reducing the height of the
banks. As a consequence fences were sometimes carried away, and layers of mud or silt deposited on
paddocks. (Reed, 1953:220)

Figure I.3 Opanuku Stream at Carey Park, Henderson Valley, (a) c1940 (b) a similar reach
approximately 200m downstream today
(Photo a from Ivy Hooker, J.T. Diamond Collection. 2003.6.PH.5259 Waitakere Library and
Information Services)

Upper Waikumete Sub-catchment
River Styles® comprising the upper Waikumete sub-catchment include Confined low sinuosity mixed
bed, Intact valley fill and small sections of Piped channel. While kauri logging and gum digging was
also practiced here by early Europeans, the relative ease of accessibility did not require damming for log
transport. Geomorphic structure was directly altered however by draining swamplands comprising the
Intact valley fills for agriculture and horticulture.

Where Koromiko Rd meets Konini Road, follow a little further downs the junction, and on the left is
where his house stood… to get to his property you came up what was then Wither Road (Glendale Road),
and crossed over a swamp before you got to the house. (Vela, 1989:69)
A third Waikumete orchardist-nurserymen of note was William Levy… in 1883… brought a small block
of land to west of present day Glendale Road, Glen Eden… The soil throughout was impoverished
gumland covered in stunted scrub. To prepare the intractable clay for nursery work, several acres were
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dug… peat drained from the raupo swamp on the property was spread over the surface… (Scott,
1979:184)
1856: Tenders called for construction of viaducts over the swamps by Waikomiti at the foot of Cemetery
Hill. (Vela, 1989:15)
…the broken country with its numerous streams and swaps became the site of the Waikomiti township.
(Diamond, 1966:25)

These intact valley fills have largely been eliminated from the catchment today, with the only remaining
reach being part of the Bishops Stream tributary (Figure I.4). The area has become densely urbanised,
beginning with the establishment of Glen Eden suburb in the 1920s (Vela, 1989).

Figure I.4 The upper reach of Bishops Stream remains the last Intact valley fill River Style today

Lower Waikumete and Oratia Sub-catchments
The lower Waikumete and Oratia sub-catchments are comprised of the partially confined low sinuosity
bedrock gravel and cobble bed, partially confined low sinuosity fine bed and channelised River Styles®.
The history of land use change along these reaches is similar to that of the upper catchments, except that
urbanisation began much earlier, from around the 1880s, and included small industries (Copedo, 2003;
Diamond, 1966), power generation and flood works, placing even greater pressures on the rivers.

Industries sprang up from time to time in the area. Roland Hill… started a water-powered flax mill in the
stream near the Glen Eden tennis courts. (Diamond, 1966:25)
About 1885 George Pirrit built a house and a heel and toe plate factory on the Western bank of the Oratia
(Canty’s) Stream. The machinery was turned by a water turbine situated below a low dam in the Oratia
Stream. (Copedo, 2003:12)
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A number of anecdotal sources have commented on the transition from a hard-bed stream in the early
1920s and 1930s, then to a soft-bottom stream during the 1940s:

In the early 20s and 30s the Oratia Stream had a shingle and rock bottom (no mud at all) an the banks
were lined with beautiful Kowhai, fern’s, poplars, etc – in fact it was a very popular waterway; as many
as a dozen fairly large launches and yachts would be anchored in the Falls Park lagoon over the
Christmas holiday period. (Copedo, 2003:10)

The following quotes describe the channel bed at Edmonton Road at the lowest extent of the Oratia subcatchment (Waitakere City Council, 2002b):

However since the 1940s it has become degraded and heavily silted. (p30)
Mrs Cooper of Whangaparoa, who swam in it as a child, this had a natural sandstone bottom that Swan
scrubbed clean at low tide. (p35)
Falls Park was also a popular overnight anchorage for the owners of yachts and launches who could
navigate up the creek. (p35)
Clearance of bush and subdivision in the Oratia catchment lead to siltation of the Creek and the runoff
from septic tanks and industry polluted the water. (p35)

During the late 1980s, flooding was becoming a large problem in these reaches. Communications and
reports by the local government body (then the City of Waitemata Council) indicate that in at least
localised sections of channel, the riparian margin was heavily vegetated, and rubbish was common
throughout the reach. Works were then undertaken to remove these roughness elements:
Floodwork carried out:
(a) Stream clearing by machine from just above the confluence of the Waikumete and Oratia Streams up
the Waikumete to Seymour Road.
(b) Placing of approximately 100 cubic metres of gabion baskets at the rear of some properties on
Seymour Road to protect them following erosion caused by the removal of willows and other vegetation
Planned work:
(a) Stream clearing from the Henderson Borough Council boundary to the confluence of the Waikumete
and Oratia Streams. This work will consist of obstructions actually in the bed such as tree trunks, rubbish
and overhanging branches.
(City of Waitemata, letter dated 13 Oct 1989 – to the Secretary of the Auckland Regional Authority, Re:
Oratia Stream, flood management).
…much of the lower catchment channel has been heavily overgrown in the past, with trees growing on
the banks of the channel. Channel clearing works have been performed in recent years which has
decreased the flood risk to low lying property. (Rankine and Hill, 1991:7)

Lower Opanuku Sub-catchment
The lower reaches of the Opanuku sub-catchment are comprised of the Partly confined low sinuosity fine
bed River Style®. The history of land use change in this area is similar to that of the lower Oratia and
Waikeumete sub-catchments, but began later with a population boom in the 1960s and continues to grow
significantly (Waitakere City Council, 2002a). As with the other lower reaches, there is also evidence of
a previous hard-bottom channel, from which gravel was extracted:
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Before the railway came through, a piece of Great North Road was metalled from near the school gate to
just beyond the pound… the metal was hauled out of Henderson’s Creek [now known as Opanuku
Stream]. (Copedo, 2003:10)

It is also possible that the bed of the stream over this reach would have been dominated by gravels, as
trout are not able to survive in soft-bottomed streams (Kondolf, 2000).

… in October, 1881, 14,000 trout ova were sent up from Dunedin and were being hatched at a place
“four miles up the Henderson Valley” and it was believed that it would be perfectly easy to stock in due
time all the streams within easy reach of the place. It was perfectly easy to do so but as a much later
report stated, “poaching has become a habit and the fish are of greater benefit to the gumdiggers,
bushmen and settlers than to the angler. (Diamond, 1966:45)

Henderson Creek Sub-catchment
Henderson Creek, the lower trunk reach of the Twin Streams catchment, is defined as an unconfined low
sinuosity tidal influenced River Style®. This lower part of the catchment has received the greatest
concentration and diversity of land use pressures, including kauri logging, gum digging (Flude, 1977;
Garriock et al., 1991; Holt, 1933; Jones, 2002), agriculture and viticulture (Waitakere City Council,
2002a; 2002b), urban settlement and industrial development. It was also the centre of links to Auckland
City by sea:

Once was a landing at confluence of Oratia and Opanuku, and Henderson’s creek served as main
communication link with Auckland. (Jones, 2002:54)

The kauri mill was located here fostering development during this time by small scale settlement and
industry serving the mill. Brickworks were located on the banks of Henderson Creek and likely had
localised direct impacts upon the geomorphology, such as erosion of the floodplain as clay was
extracted:

On 7 June 1877 George Robert Duncan purchased 95 acres situated between Lincoln Road and
Henderson Creek… farming was not paying well at the time so Duncan and his sons began brick making
on their own property; the clay for the bricks appears to have been excavated from the bank of an inlet.
(Copedo, 2003:7)
Timber milling aside, the main industry of West Auckland’s earliest days was brick and pipe making
from clay deposits. (Garriock et al., 1991:95)
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Appendix II - Proformas for River Styles®

Proforma for: Steep bedrock confined headwater
Defining attributes: This River Style® is found in a confined setting, where the valley sides are adjacent to the channel over 90% of the reach, and no
floodplains are present. It has a single channel of low sinuosity, which is stable due to valley constriction. The geomorphic units include waterfalls,
cascades, scour holes and plunge pools. This River Style® has a steep nature and high stream power, resulting in little sediment being present in the
reach, with the exception of small accumulations of cobbles and gravels in pools. The channel bed and surrounding areas consist of bedrock, and this
is the key control the path of the water.
DETAILS OF ANALYSIS
Representative Reach: The upper section of Little Fairy Falls
Map sheet(s)/air photographs used: Google Earth satellite photos and Terra Link, 1998, Topographic map 260-R11 Auckland 1:50,000, Edition 2,
Linz, New Zealand
Analysts: Claire Gregory and Helen Reid
Date: 5th of August, 2006
Upstream grid reference: 36º54.8695, 174º33.297E
Downstream grid reference: 36º54.852S, 174º33.374E
Where River Style® is observed: This River Style® occurs on very steep terrain and therefore only in the uppermost part of the Opanuku catchment.
It is a very localised feature.
RIVER CHARACTER
Valley Setting: Confined
Channel Planform: Single-channel, with low sinuosity, controlled by the bedrock and the valley position. Channel position consequently very stable.
Bed Material Texture: Bedrock bottom with localised accumulations of cobbles and gravels in pools.
Channel geometry (size and shape): The channel is approximately five metres wide though it can widen to ten metres on the main waterrfall. At
medium-level flows the water only covers about half of the channel
Diversity of Hydraulic units- Very high diversity of flow based on the slope of the bedrock. Most flows are fast and pools are not a slow as would be
expected in the River Styles® seen downstream.
GEOMORPHIC UNITS: (GEOMETRY AND SEDIMENTOLOGY)
Instream – Bedrock
Waterfalls and cascades – locally resistant bedrock, that forms drops of up to 6 metres. Cascades are differentiated by their stepped nature, and tend
not to have a vertical drop (they are less steep compared to the waterfall units).
Scour Hole and Plunge Pool – Deep scour features which occur in bedrock where water has eroded a depression at the base of waterfall and cascade
units. Some gravels and cobbles accumulate at the downstream extent of plunge pools, whereas this accumulation is not present in scour holes.
Instream – alluvial
N/A
Floodplain
N/A
VEGETATION ASSOCIATIONS:
Instream Geomorphic Units
No instream vegetation
Floodplain Geomorphic Units
N/A
Intact native riparian vegetation present along the valley margin.
RIVER BEHAVIOR
Low flow stage
Frequent low flow events have very little impact on the geomorphic structure of this reach, as boulder and bedrock geomorphic units dissipate energy.
Sediments may accumulate in pools.
Bankfull stage
Bankfull flow events also have very little impact on the geomorphic structure of this reach, however these flows may rework fines and gravels
accumulated in pool.
Overbank stage
Due to the resistant bedrock, only very large events are geomorphically effective. Sediments are fushed through the reach and scour of the bedrock
may take place.
CONTROLS
Catchment area (km2): 0.74-2.15
Landscape unit and within-catchment position: Steep Uplands, in headwaters.
Process zone: Source zone
Valley morphology: Steep narrow valley, with valley adjacent to channel over entire reach.
Valley slope: 0.12-0.23
Total stream power: 24000
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Proforma for: Confined, low sinuosity, gravel-bed
Defining attributes: This River Style® is found in a confined setting, where the valley sides are adjacent to the channel over 90% of the reach, and no
floodplains are present. It has a single channel of low sinuosity, which is stable due to valley constriction. The units present include pools, riffles and
runs. In the upper reaches, steps are also common. Bed materials consist of gravels, cobbles, boulders and bedrock. Bedrock is a dominant control
upon the distribution of the units present, which gives rise to local diversity in the assemblage of units present.
DETAILS OF ANALYSIS
Representative Reach: Stoney Creek, access from Sharpe track
Map sheet(s)/air photographs used: Google Earth and Terra Link, 1998, Topographic map 260-R11 Auckland 1:50,000, Edition 2, Linz, New
Zealand
Analysts: Helen Reid and Claire Gregory
Date: 5 August, 2006
Upstream grid reference: 36º54.338S, 174º34.171E
Downstream grid reference: 36º54.253S, 174º34.266E
Where River Style® is observed: Steep uplands, headwater zones of Oratia and Opanuku Streams.
RIVER CHARACTER
Valley Setting: Confined
Channel Planform: Single-channel, with low sinuosity, controlled by sinuosity of valley. Channel position consequently very stable.
Bed Material Texture: Bed materials range from gravels to boulders, with bedrock outcrops common.
Channel geometry (size and shape): Highly variable shape, due to bedrock forcing and boulder accumulations. Generally approximately 7 metres
wide, and ranges from 0.2 metres to 0.5 metres deep.
Diversity of Hydraulic units: Quite a high diversity of flows. This has the characteristic features mentioned here of runs, riffles, pools and steps but
also includes features such as water peculating through the rocks in the bars.
GEOMORPHIC UNITS (GEOMETRY AND SEDIMENTOLOGY):
Instream – bedrock
Pool - Bedrock forced pool, rarely observed. Accumulation of poorly sorted and loose sands and gravels on left side. This has an irregularly
distribution.
Instream – alluvial
Run and Riffle – reach comprised of continuous run and riffle sequence, abutted by rare occurrences of pools. Range of poorly sorted, cohesive
gravels and boulders observed, ranging in size up to 540mm. Riffles occur in local accumulations of larger clasts.
Steps-pool sequences- steps occur in the upper regions of the catchment. These are characterised by much larger clasts such as boulders or cobbles
the largest of which form keystones creating the structure of the step by trapping smaller clasts behind it. These have pools both upstream and
downstream. The upstream features are caused by the keystone slowing the water and the downstream features are scour pools caused by the local
increase in slope.
Valley
Bank – Largely comprised of bedrock, some massive muds and sands present. Have some exposed banks, indicating wider channel in past, with
consequent incision.
VEGETATION ASSOCIATIONS:
Instream geomorphic units
Largely unvegetated, only low algal growth present.
Valley geomorphic units
Intact native vegetation, with dense shrubs and ferns, mosses and mature trees.
RIVER BEHAVIOR
Low flow stage
Frequent low flow events have very little impact on the geomorphic structure of this reach, as boulder and bedrock geomorphic units dissipate energy.
Fine sediments may accumulate in pools or behind large obstructions.
Bankfull stage
Bankfull flow events also have very little impact on the geomorphic structure of this reach, however these flows may rework fines and gravels
accumulated in pools, and may shift clasts within riffles and runs.
Overbank stage
It is the overbank flows that form and locally redistribute the geomorphic units. This is due to cobbles and boulders being locally redistributed, and
gravels and fines being flushed downstream. Bedrock may be resculpted, and consequently clasts may be added to the system.
CONTROLS
Catchment area (km2): 0.02-4.15
Landscape unit and within-catchment position: Found in the steep upland landscape unit in the upper parts of the catchment. Valley margins tend to
be deep and steep.
Process zone: Sediment source zone – bedload dominated
Valley morphology: Steep narrow valley, with valley adjacent to channel over entire reach.
Valley slope: 0.002-0.21
Total Stream Power: 6000
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Looking downstream at run.

Looking upstream at pool feature.

Looking upstream at the irregular run, wider section of channel.

Confined, low sinuosity, gravel-bed
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Proforma for: Confined, low sinuosity mixed bed
Defining attributes: This River Style® is found in a confined setting, where the valley sides are adjacent to the channel over 90% of the reach, and no
floodplains are present. It has a single channel of low sinuosity, which is stable due to valley constriction. The channel has incised in to its cohesive
clay valley floor, which has resulted in a low diversity of geomorphic units, consisting predominately of runs. Clast sizes range from muds to small
gravels.
DETAILS OF ANALYSIS
Representative Reach: Hibernia Stream, Kaurilands School
Map sheet(s)/air photographs used: Google Earth and Terra Link, 1998, Topographic map 260-R11 Auckland 1:50,000, Edition 2, Linz, New
Zealand
Analysts: Helen Reid and Claire Gregory
Date: 9 August, 2006
Upstream grid reference: 36º55.705S, 174º39.213E
Downstream grid reference: 36º55.625S, 174º39.069E
Where River Style® is observed: Upper reaches of the Waikumete Stream.
RIVER CHARACTER
Valley Setting: Confined
Channel Planform: Single channel, low sinuosity, immediately bound on both sides of channel by valley sides.
Bed Material Texture: Range of sediments observed, including muds, sands and gravels. High abundance of organic debris, including wood. Some
urban litter also present, including building materials such as bricks.
Channel geometry (size and shape): Channel typically symmetrical, with varying width from approximately 1 metre to 2 metres with forcing of local
slope and wood.
Diversity of Hydraulic units- Very little diversity of hydraulic units. The reach consists of runs only, with minor changes in speed due to areas of
wood or debris accumulation.
GEOMORPHIC UNITS: (GEOMETRY AND SEDIMENTOLOGY)
Instream – Bedrock
N/A
Instream – Alluvial
Run – this reach contains a continuous run, with local variations in flow speed, width and depth due to local slope and vegetation forcing. Range of
poorly sorted, loose sediment present, including muds, sands and gravels. Muds and sands are predominant.
Floodplain
N/A
VEGETATION ASSOCIATIONS:
Instream geomorphic units
Absent, apart from very sparse aquatic weeds.
Floodplain geomorphic units
N/A
Valley sides adjacent to channel are sparsely covered with exotic and native mature trees and shrubs. Exotic grasses are also present on right valley
side.
RIVER BEHAVIOR
Low flow stage
Frequent low flow events would have relatively little geomorphic impact, due to the cohesive nature of the channel banks. Small amounts of fines
would be transported through the reach.
Bankfull stage
Bankfull events would not change the structure of the channel due to the cohesive nature of the banks. Forcing elements, such as wood would be
reworked to change the small variation in run dimensions. Muds, sands and gravels would be flushed through the system.
Overbank stage
The overbank events would have similar effects to those of bankfull. Bank/valley erosion would also occur, creating slumps on the channel margins
and adding fine sediment to the channel. At extreme events the bed would incise into the clay and the bedrock that is underneath.
CONTROLS
Catchment area (km2): 0.02-008
Landscape unit and within-catchment position: Steep uplands, in headwaters of catchment.
Process zone: Source
Valley morphology: Steep narrow valley, with valley adjacent to channel over entire reach.
Valley slope: 0.02-0.11
Total Stream Power: 600
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Channel looking upstream, flanked by valley sides.

Channel looking downstream.

Confined, low sinuosity mixed bed
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Proforma for: Partly confined, low sinuosity, bedrock, gravel and cobble bed
Defining attributes: This River Style® is found in a partially confined valley setting, where the channel abuts the valley margin between 10 and 90%
of the reach length. The Style has a low sinuosity single channel, which locally splits where mid-channel bars are present. The channel is generally
laterally stable, due to bedrock constrictions. A number of within-channel geomorphic units are observed, including pools, longitudinal and lateral
bars, riffles and runs. Floodplain pockets are also present, commonly around 2 metres above the channel. Bedrock is a dominant forcing element of
this Style. A range of clasts sizes are present, including boulders, cobbles and gravels.
DETAILS OF ANALYSIS
Representative Reach: Opanuku Stream at Candia Road
Map sheet(s)/air photographs used: Google Earth and Terra Link, 1998, Topographic map 260-R11 Auckland 1:50,000, Edition 2, Linz, New
Zealand
Analysts: Helen Reid and Claire Gregory
Date: 26 July, 2006
Upstream grid reference: 36º53.714S, 174º35.535E
Downstream grid reference: 36º53.697S, 174º35.710E
Where River Style® is observed: Middle reaches of the Waikumete, Oratia and Opanuku Streams.
RIVER CHARACTER
Valley Setting: Partly-confined
Channel Planform: Generally single channel, apart from occasional split where mid-channel bar present, generally low sinuosity.
Bed Material Texture: Bed materials commonly dominated by boulders, cobbles and gravels, with bedrock outcrops common
Channel geometry (size and shape): Channel is highly irregular, due to forcing of bedrock. Pattern shifts with thalweg, where flow is deflected and
sediment accumulates, creating a typically asymmetrical geometry. Channel width and depth are highly variable, ranging from approximately 6.5
metres wide and 0.1 metre deep, to 11.5 metres wide and 1.1 metre deep in the pool units.
Diversity of Hydraulic units- High diversity of Hydraulic units, including units with faster flows such as riffles and runs and slow units such as pools
or deadwater areas.
GEOMORPHIC UNITS (GEOMETRY AND SEDIMENTOLOGY):
Instream – bedrock
Pool – bedrock bottom pools are common along the study reach, however their distribution varies with distribution of outcrops. Alluvial pools are
also found in this valley setting. Variable depths and widths exist due to nature of individual forcing but in the reach studied the major pool was 8
metres wide and 1 metre deep. Bed contains poorly sorted, loose sands and gravels.
Instream – alluvial
Longitudinal Bar – mid-channel feature comprising of gravels and boulders. Typically fine downstream, with clasts up to 240mm (b- axis). Clasts
are poorly sorted and loose. Generally approximately 14.5 metres in length and 7 metres wide. Forced by competence limited flows. Riffle features
found immediately upstream and downstream of these units.
Lateral Bar – bank-attached feature comprising of gravels and boulders, with clasts ranging in size up to 280mm (b-axis). Typically fine
downstream, however sands and gravels accumulate at upstream extent. Clasts are poorly sorted and loose. Typically approximately 15 metres in
length and approximately 7 metres wide. Formed due to the shifting of the thalweg with bedrock forcing, and flows on inside of the channel become
competence limited. Riffle features found immediately upstream and downstream of these units.
Riffles – very common throughout the reach, generally comprised of gravels, cobbles and boulders. They tend to be well sorted and cohesive.
Typically located where there is a deflection in the thalweg. Variable width, however generally only 3-4 clasts in length.
Run – common between pool and riffle features. Variable widths and lengths, and are commonly comprised of poorly-sorted cohesive cobbles and
gravels.
Floodplain
Floodplain – occur in large pockets. Typically approximately 2 metres above the channel, with some steps. Comprised of massive muds and silts.
This is characterised by a decrease in elevation away from the channel, followed by a sharp increase in slope at its boundary.
VEGETATION ASSOCIATIONS:
Instream geomorphic units
Moss commonly located upon bar units, with sparse exotic grasses and weeds.
Floodplain geomorphic units
Floodplain cleared for pasture, however the riparian zone is densely vegetated, with native shrubs, ferns and mature trees, and also mature exotic trees
on right bank.
RIVER BEHAVIOR
Low flow stage
Frequent low flow events have very little impact on the geomorphic structure of this reach, as boulder and bedrock geomorphic units dissipate energy.
Fine sediments may accumulate in pools or behind large obstructions.
Bankfull stage
Bankfull flow events also have very little impact on the geomorphic structure of this reach, however these flows may rework fines and gravels
accumulated in pools, and may shift clasts within and between riffles and runs and rework the bars. Some bank erosion may occur, introducing
additional sediment to the channel.
Overbank stage
It is the overbank flows that form and locally redistribute the geomorphic units. This is due to cobbles and boulders being locally redistributed, and
gravels and fines being flushed downstream. Bedrock may be resculpted, and consequently clasts may be added to the system. Some patches of
floodplain may be destroyed, adding additional sediment into the channel. Other parts of the floodplain may be reworked, with fine grained materials
being deposited.
CONTROLS
Catchment area (km2): 2.53-17.92
Landscape unit and within-catchment position: Located within the rounded-foothills landscape unit.
Process zone: Transfer zone
Valley morphology: Valley tends to be open and wide (up to approximately 800 metres), with steep slopes.
Valley slope: 0-.04
Total Stream Power: 1000
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Looking downstream at pool and run units. Intact native
riparian vegetation also pictured.

1m

Longitudinal bar in foreground, with riffle and pool in
background.

1m

Glide unit with bedrock bank.

Lateral bar in foreground looking upstream with pool and
riffle in background.

Partly confined, low sinuosity, bedrock, gravel and cobble bed
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Proforma for: Partly-confined, low sinuosity, fine-bed
Defining attributes: This River Style® is found in partially confined valley setting, where the channel abuts the valley margin between 10 and 90% of
the reach length. It is very similar to the Confined, low sinuosity, mixed bed river in both character and behaviour, except is situated in a different
valley setting. A large length of the reach in the Opanuku catchment is pinned against the left valley margin. It is a single-thread stream of low
sinuosity, which has the capacity to laterally migrate within the floodplain pocket. It has a relatively homogenous within-channel geomorphic unit
assemblage, being largely comprised of glides with locally varying width and depth characteristics. This is associated with a homogenous distribution
of flow. The floodplain units comprise of incised banks, and heavily modified floodplain pockets. Exotic shrubs and grasses are found within the
channel, and are an important forcing element. Clasts are predominately fines (sand and mud) with some gravels present. In the Waikumete Stream,
there are local abundances of gravels and cobbles, possibly due to recent urban developments and localised bridge effects.
DETAILS OF ANALYSIS
Representative Reach: Kaurilands Domain, Waikumete Stream.
Map sheet(s)/air photographs used: Google Earth and Terra Link, 1998, Topographic map 260-R11 Auckland 1:50,000, Edition 2, Linz, New
Zealand
Analysts: Helen Reid and Claire Gregory
Date: 9 August, 2006
Upstream grid reference: 36º55.415S, 174º39.344E
Downstream grid reference: 36º55.341S, 174º39.256E
Where River Style® is observed: This River Style® occurs in the mid reaches of the Waikumete and Opanuku Streams.
RIVER CHARACTER
Valley Setting: Partly confined
Channel Planform: Single incised channel with low sinuosity.
Bed Material Texture: Dominated by sands and muds, however small gravels are also present due to vegetation and wood forcing.
Channel geometry (size and shape): Channel very symmetrical, typically narrow and relatively deep, measuring approximately 2 metres wide and 0.5
metre deep.
Diversity of Hydraulic units- This River Style® has a low diversity of hydraulic units. It is relatively homogeneous and consists of a glide only. This
has localised small changes in velocity due to excessive plant growth in some areas of the channel.
GEOMORPHIC UNITS (GEOMETRY AND SEDIMENTOLOGY):
Instream – bedrock
N/A
Instream – alluvial
Glide – channel consists of one straight, continuous glide. Flow speed and depth varies with local slope variations and become almost pool-like
locally due to within-channel vegetation and wood forcing. Sediments well sorted, loose muds, sands and gravels. Also contains urban rubbish, for
example glass bottles.
Floodplain
Benches- These depositional are features that have formed alongside a bank in a former channel area. These are present on both sides of the channel
and consists mainly of muds and silts.
Bank – Deeply incised, steep channel banks present, ranging in height from approximately 0.5 metres to 2 metres. Comprised of well-sorted,
cohesive silts.
Floodplain – Small floodplain pockets, approximately 20 metres in length and 10 metres wide. Small decrease in elevation away from the channel,
indicating proximal-distal pattern of sedimentation during high-flow events. Sedimentology inferred from bank exposures to be massive silts and
muds. Geometry has also been heavily modified with landscaping for recreation reserve, roading and stormwater inputs. This has evidence of floodchannels, though these are likely to be the result of stormwater drainage. It is inferred that this area of floodplain was previously swamp which has
been drained.
VEGETATION ASSOCIATIONS:
Instream geomorphic units
Some vegetation within-channel, comprised of exotic weeds and shrubs. Wood also locally present. These are both an important forcing factor in
controlling the width and depth of the glide units and upon the lateral stability of the banks.
Floodplain geomorphic units
Mainly exotic grasses with some pockets of native shrubs, ferns and mature trees have been planted, and a small riparian zone has also been planted.
RIVER BEHAVIOR
Low flow stage
At low flow stage, fines are transported through the reach, and may be deposited behind flow obstructions. If low flow persists for a long period of
time, the vegetation obstructions have the opportunity to grow, retarding and deflecting the flow.
Bankfull stage
At bankfull stage, obstructions to flow are flushed, including plant life, releasing the accumulations on the lee side. Banks may be scoured, causing
local widening, slumping and introducing additional sediment to the channel. Localised coarser sediment units are reworked.
Overbank stage
At overbank stage, the geomorphic effects will be similar but amplified to those of bankfull stage. The floodplain pockets will also be reworked, with
a proximal-distal pattern of sediment accumulation. Flow may also pond in stormwater overflow channels where they are present.
Bankfull and overbank stages may be of a frequent occurrence due to the large number of stormwater inputs into the channel.
CONTROLS
Catchment area (km2): 0.74-24.15
Landscape unit and within-catchment position: Rounded foothill landscape unit, positioned in the mid-catchment area.
Process zone: Transfer zone
Valley morphology: Relatively open, straight and gently-sloping valley.
Valley slope: 0-0.02
Total Stream Power: 850
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Channel looking upstream, with planted native and
exotic riparian vegetation.

Channel with exotic vegetation on bank looking
upstream.

Floodplain pocket looking downstream. Channel in foreground.

Partly-confined, low sinuosity, fine-bed
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Proforma for: Unconfined, low sinuosity river with tidal influence
Defining attributes: This River Style® is present in an unconfined alluvial valley. In areas the alluvium is relatively shallow and the channel has a
bedrock base. There are continuous floodplain surfaces along the valley margins, which have been heavily modified. The single channel is laterally
stable (largely a function of human intervention). Depth fluctuates between approximately 0.5 metres at low tide to 2.5 metres at high tide. Instream
geomorphic units include pools, lateral bars, mid-channel forced and non-forced bars, glides, and runs which have a random distribution due to a
legacy of channel alteration, and the distribution of forcing factors (e.g. wood, bedrock). Tidal mud lines the channel between low and high tide
zones. The bed material largely consists of mud and sand, with some localised gravels, cobbles and bedrock. There is a high abundance of urban
litter.
DETAILS OF ANALYSIS
Representative Reach: Upper Henderson Creek
Map sheet(s)/air photographs used: Google Earth and Terra Link, 1998, Topographic map 260-R11 Auckland 1:50,000, Edition 2, Linz, New
Zealand
Analysts: Helen Reid and Claire Gregory
Date: 5 August, 2006
Upstream grid reference: 36º52.580S, 174º38.124E
Downstream grid reference: 36º52.424S, 174º38.105E
Where River Style® is observed: Henderson Creek
RIVER CHARACTER
Valley Setting: Unconfined
Channel Planform: Single, straight channel, continuous floodplain (modified) on each bank. Tidal influenced, with channel width varying by
approximately 10 meters between high and low tide.
Bed Material Texture: Predominately muds and sands, lining the channel between the high and low tide mark. Some gravels and cobbles and local
areas of bedrock present. High abundance of urban litter, eg building materials, road cones, bottles.
Channel geometry: (size and shape): Generally symmetrical channel, however where thalweg is deflected at low tide, channel becomes locally
asymmetrical. Channel width ranges approximately between 8 m at low tide and 21 m at high tide.
GEOMORPHIC UNITS (GEOMETRY AND SEDIMENTOLOGY):
Instream – bedrock:
Pool – occur very occasionally where bedrock has been incised by channel.
Instream – alluvial:
Lateral Bars – sparsely located where flow is deflected to one side of the channel. Surficial gravels range in size up to 200mm (b-axis), with an
abundance of urban litter. These clasts are well-sorted and loose.
Mid Channel Bars – sparsely located some formed by wood forcing while others have the characteristics of a vegetated island. Well sorted, loose
clasts.
Tidal Mud – mud lines the channel between the high tide and low tide zone. These muds are well-sorted and loose.
Runs – Located where abundance of cobbles on channel bed, and flow is dissipated where channel widens. Dominated by well-sorted, cohesive
cobbles and gravels. There are some localised areas of bedrock that are also dominated by step-like runs.
Glides – Predominant channel unit, located within the thalweg zone, comprised of well sorted and loose sands and gravels.
Floodplain:
Banks – Continuous along both channel sides, predominately soils. Highly modified, with reinforcement by boulders in some areas.
Floodplain – Continuous along both channel sides with a flat-topped morphology. Highly modified due to human intervention, with urbanisation
leading to earthworks, destroying the fluvial imprint upon the landscape. Floodplain is not connected to the channel due to the height of the levees and
the slope is largely irrelevant due to the amount of human disturbance.
VEGETATION ASSOCIATIONS:
Instream geomorphic units:
Unvegetated, however there is a large amount of wood present.
Floodplain geomorphic units:
Banks dominated by exotic grasses and shrubs, with some mature exotic and native tree species. Floodplain largely stripped of vegetation, replaced
by impervious surface.
RIVER BEHAVIOR
Low flow stage
At low flow stage, fines are transported through the reach, and may be deposited behind flow obstructions.
Bankfull stage
At bankfull stage, obstructions to flow are flushed, releasing the accumulations on the lee side. Banks may be scoured, causing slumping and
introducing additional sediment to the channel. The localised coarser units, such as bars and runs, may be reworked. Tidal mud may also be flushed.
Overbank stage
Floodplains may be reworked. Jowever this may be restricted due to human intervention limiting the flow to the floodplain surface.
CONTROLS
Catchment area (km2): 18.17-61.49
Landscape unit and within-catchment position: Lowland alluvial plain, at the most downstream point of the catchment.
Process zone: Depositional
Valley morphology: Open, wide valley, up to 2 km wide.
Valley slope: 0-0.002
Total Stream Power: 150
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Looking downstream – Henderson Creek with
lateral bar in foreground.

Example of types of litter found within the
channel.

Right side bank with boulder reinforcements. Slump in bank can
be observed in foreground.

Looking upstream at pedestrian bridge behind aquatic centre
with bedrock-forced pool on right side of channel.

Unconfined, low sinuosity river with tidal influence
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Proforma for: Intact Valley Fill
Defining attributes: This River Style® is located in an unconfined valley setting where accumulations of sediment and dispersed water have created
an intact valley fill feature. There is no channel present, and it is relatively stable. It is comprised of one geomorphic unit, a continuous intact
swamp, which extends to both valley margins. The bed is comprised of silt and sand and largely covered by native vegetation (flaxes and shrubs).
DETAILS OF ANALYSIS
Representative Reach: Upper Bishops Stream
Map sheet(s)/air photographs used: Google Earth and Terra Link, 1998, Topographic map 260-R11 Auckland 1:50,000, Edition 2, Linz, New
Zealand
Analysts: Helen Reid and Claire Gregory
Date: 09/08/06
Upstream grid reference: 36º55.653S, 174º38.738E
Downstream grid reference: 36º55.469S, 174º38.776E
Where River Style® is observed: Upper Bishops Stream
RIVER CHARACTER
Valley Setting: Unconfined
Channel Planform: No defined channel
Bed Material Texture: Predominately muds and sands
Channel geometry (size and shape): N/A
Diversity of Hydraulic units- This River Style® has only one geomorphic unit which is that of a swamp. This is what would be expected for this River
Style®.
GEOMORPHIC UNITS (GEOMETRY AND SEDIMENTOLOGY):
Instream – bedrock
N/A
Instream – alluvial
Continuous intact swamp – large swamp on valley floor, extending to both valley margins. Flow is dissipated and sediment (predominately sands
and muds) are deposited. Organic material is not able to be moved through the system and so is accumulated.
Floodplain N/A
VEGETATION ASSOCIATIONS:
Instream Geomorphic Units
Native flax and shrubs (e.g. Toi toi)
Floodplain Geomorphic Units
N/A
RIVER BEHAVIOR
At all flow stages, flow is dissipated, so the geomorphic structure remains intact.
CONTROLS
Catchment area (km2): N/A
Landscape unit and within-catchment position: This reach is located in the rolling hill landscape unit, in the headwaters of the Waikumete Stream.
Process zone: Accumulation
Valley morphology: Open, approximately 100 metres wide, with gentle slopes.
Valley slope: N/A
Total Stream Power:N/A

5m

From valley slope looking to swamp

Intact Valley Fill
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Appendix III - Geoindicator Selection

Channel geometry and bank erosion
The geoindicator representing channel geometry and bank erosion was used to assess whether channel
stability and the sediment regime observed in a reach were as expected based on catchment position.
Urbanised rivers go through different stages with different characteristic responses. An initial large increase
in sedimentation at the construction stage is typically followed by a decreased rate as impervious surface
area increases (Paul and Meyer, 2001). This second stage may be coupled with slumping and bank erosion or
erosion of the channel bottom (Chin, 2006). Understanding such fluxes can explain how river functioning
has been altered and the implications for future adjustment of the system (Clarke et al., 2003). This aspect is
analysed by observing aspects of the system that indicate stability; eg., erosion effects upon cross-section
asymmetry (Milne, 1983) and width (Mosley, 1992), erosion in areas where it would not be expected (Stott
and Mount, 2004), incised channels, depositional features such as benches forming in the channel, or high
quantities of fine-grained sediment covering the channel bottom. This result is then compared with what
would be expected to occur at that point in the catchment, i.e. whether it is a production (source), transfer, or
deposition zone (Schumm, 1977). Ergodic reasoning can be used to indicate the previous position of the
channel and how it operated (Brierley and Fryirs, 2005), placing contemporary channel behaviour in context
of its past.
Bank erosion is very closely tied to channel stability. Bank erosion is generally expected to be minimal for
low sinuosity rivers, (which includes all rivers in the Twin Streams Catchment, though they are usually
associated with unconfined valley settings) due to cohesive banks and low energy Brierley and Fryirs,
(2005), given the low frequency of the thalweg being pushed against the bank in low sinuosity rivers. River
morphology alludes to the flow processes in the channel. When the river is the most asymmetrical at bends
there should be a secondary cell operating that goes in a counter clockwise direction against the bank. This
causes erosion on the outside of the bank (Markham and Thorne, 1992). If erosion is taking place next to the
riffles or points of inflection where the channel should have a uniform profile, then this is an indication of a
channel that has been disturbed and of some other process likely affecting the banks, such as aggradation.
Channel width-depth ratios and diversity among geomorphic units were analysed to assess whether the
urbanisation had impacted this geoindicator. Chin (2006) compiled reports on width-depth changes in urban
rivers and found that on average width increased 86%, depth 60% and the width-depth ratio by 100%
suggesting a widening of urban channels. Channel width would be expected to vary between the pool and
riffle sections. Richards (1976) found that the width of the river at riffle sections was on average 15% wider
than at pools. This indicates that some variation should exist and that channels that are overwidened indicate
degradation (Mosley, 1992). This indicator is not applicable in bedrock controlled riffles and pools.
Pool infilling by fine-grained sediment can cause a decrease in geomorphic heterogeneity, reducing the
diversity of flow and habitats (Allan, 2004). Riffle-pool variations and the diversity of the channel bed act as
important habitat for different stages of fish and macro-invertebrate growth (Knighton, 1998). It would be
expected that the change in depth between neighbouring pools and riffles would be the same as an equivalent
increase of 350% in drainage area (Knighton, 1998: 178). Depth is measured in riffles and pools to determine
whether the changes in channel geometry are what is expected for a river type.
As confined reaches have a very low capacity for adjustment, bank morphology and channel attributes are
not relevant for measuring condition in these areas (Table III.1). As an alternative grain size and sorting can
be used, as they indicate the stability of the reach. For example fine grained material can swamp the system
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changing functioning, such as sediment transfer and reducing diversity. This is a common result of land use
change in confined valleys due to high hillslope-channel connectivity (Piégay and Hicks, 2005). This
variable indirectly measures channel stability, within the context of the type of changes that are possible and
likely results of land use disturbance.

Table III.1 How the channel stability geoindicator was used to determine condition for different River Styles®
Shaded boxes indicate that that variable is not relevant or used for the River Styles®
Sediment Regime
• Confined, low sinuosity, gravel bed
• Steep bedrock confined headwater
• Confined, low sinuosity, mixed bed

These River Styles® occur in the upper reaches of the catchment. Sediment
exceeds supplyand vertical downcutting is the main process (Brierley and
Fryirs, 2005). This results in very little accumulation of sediments.

• Partly confined, low sinuosity,
bedrock, gravel and cobble bed
• Partly confined, low sinuosity, fine
bed

The partly confined reaches occupy the transfer zone. Erosion due to lateral
cutting occurs in this area but it is also characterised by sediment storage,
resulting in a balance of erosion and deposition. Extensive vertical shifting
will indicate a river in poor condition.

• Unconfined, low sinuosity, tidal
influenced

Accumulation would be expected for this type of river. Erosion (except at
bends) would indicate channel enlargement. Low sinuosity rivers are
expected to have minimal lateral shifting.
Bank Erosion

• Confined, low sinuosity, gravel bed
• Confined, low sinuosity, mixed bed
• Steep bedrock confined headwater

N/A - As these rivers are largely controlled by bedrock, bank erosion would
be expected to be negligible.

• Partly confined, low sinuosity,
bedrock, gravel and cobble bed
• Partly confined, low sinuosity, fine
bed

Partly confined rivers still have a degree of bedrock control. Along low
sinuosity variants minimal amounts of erosion is expected. Any erosion would
be expected to be observed at bends where the thalweg can have natural
effects on the bank or opposite bars. Large areas of slumping indicates
channel widening, a well documented effect of urbanisation.

• Unconfined, low sinuosity, tidal
influenced

Minimal amounts of erosion would be expected to occur. Any erosion would
be expected to be seen at bends where the thalweg can have natural effects
the bank. If larger areas of slumping and channel widening they will be taken
to indicate poor ‘health’.
Channel Attributes

• Confined, low sinuosity, gravel
• Confined, low sinuosity, mixed
• Steep bedrock confined headwater

N/A - These rivers are confined by bedrock so they have a imposed
morphology with limited potential to widen or change.

• Partly confined, low sinuosity,
bedrock, gravel and cobble bed
• Partly confined, low sinuosity, fine
bed
• Unconfined, low sinuosity, tidal
influenced

All of these rivers if impacted by urbanisation would be expected to have
enlarged channels, specifically wider. This will be analysed by looking at the
channel geometry.
Largest Clast and Range of Bed Materials

• Confined, low sinuosity, gravel bed
• Steep bedrock confined headwater

The competence of a reach and activity of the bed can be assessed by
considering what material is there and the degree to which it has been
sorted. A good condition reach would be expected to have large boulders
that shape the steps and runs and smaller clasts and fines accumulating in
pools and behind wood and a relatively high diversity of sediments with
larger ones occupying riffles, runs and areas of fast flows (Grant et al.,
1990). Bars are expected to display a pattern of downstream fining.

• Confined, low sinuosity, mixed bed

This river is simpler. It would be expected that we see some diversity of
sediments, possibly making a stepped pattern caused by structure from
wood.

• Partly confined, low sinuosity,
bedrock, gravel and cobble bed
• Partly confined, low sinuosity, fine
bed
• Unconfined, low sinuosity, tidal
influenced

N/A - This geoindicator is not used for these types of rivers as other
geoindicators reveal more about urban effects for these styles.
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Geodiversity
This geoindicator is analysed from planform diagrams drawn at each site. Part of this analysis is to see how
much diversity different River Styles® exhibit, indicating the range and connectivity of geomorphic attributes
and how they relate to the diversity that is ‘expected’ for that River Style®. This includes bed heterogeneity,
variable structures and differing flow and assemblages of geomorphic units. These attributes are particularly
important for fine sediment rivers that have low geomorphic unit diversity. As beds usually become more
homogeneous after channelisation, this is an important guide in deciphering the amount of change and a
strong indicator regarding the decline in habitats (Suren et al., 1998). Factors such as the infilling of pools
are especially important.

®

Table III.2 How the geodiversity geoindicator was used to determine condition for different River Styles
Shaded boxes indicate that that variable is not relevant or used.
Diversity of Geomorphic Units and Channel

These rivers have a wide variety of features mainly controlled by bedrock.
• Confined, low sinuosity, gravel bed This means that the sediment in the system is vital. This includes the
• Steep bedrock confined headwater presence of larger clasts and wood and the accumulations of debris that can
be trapped behind them creating diversity and habitat.
• Confined, low sinuosity, mixed
• Partly confined, low sinuosity, fine
bed
• Unconfined, low sinuosity, tidal
influenced

These systems are more homogeneous than gravel based streams so diversity
would not be expected to be as high. However sediment diversity and
accumulations of larger clasts in some areas would be expected. This is
especially the case in areas behind wood. Deeper sections and pools would
also be a positive aspect with some diversity in channel width and depth.

• Partly confined, low sinuosity,
bedrock, gravel and cobble bed

The major reduction of diversity in this reach can be seen in the infilling of
pools and a reduction of grain size sorting and diversity on bars and in the
channel. This River Style® would be expected to show a wide range of
variation which may be controlled in some areas due to bedrock.
Diversity of Flow

• Confined, low sinuosity, gravel bed
• Steep bedrock confined headwater
• Partly confined, low sinuosity,
bedrock, gravel and cobble bed

These types of rivers where in good condition have a high diversity of flows
and types due to the diversity of the coarse structure. This is seen through
the changes of gradient among riffles, runs, pools, steps and falls. The Steep
headwater River Style® is highly dependant on the valley gradient.

• Confined, low sinuosity, mixed bed
• Partly confined, low sinuosity, fine These River Styles® have less variability of flow but still some should exist. If
these channels are almost or completely homogeneous then this indicates a
bed
degraded system.
• Unconfined, low sinuosity, tidal
influenced
Floodplain Diversity
• Confined Rivers

N/A No floodplain

• Partly confined and unconfined

All of these channels would be expected to be connected with the floodplain.
A good condition variant would have no constructed levees or stopbanks to
keep water out and evidence of fluvial action and access to the floodplain
area. Poor condition would have limited or no connectivity to the floodplain.

• All Rivers

Especially important in confined and fine sediment rivers as it traps sediments
and increases the diversity of the stream. Rivers of poor health will have less
wood. This can be attributed to less riparian vegetation and an increase of
flood flows that can flush wood. Very large amounts of wood can clog the
system and are included as an indicator of poor condition.

Wood

Altered flow diversity may also reflect the degradation of streams in urban areas. As different organisms
require different flows, a diversity of flows is a surrogate measure of biodiversity (Suren et al., 1998). This
includes both local increases in velocity or larger scale aspects such as pools, riffles and runs. The expected
patterns of these features can be determined for different areas. Flow diversity is greater in River Styles® of
more variable structures and steeper slopes such as those of step-pool or riffle-pool morphology. FineAppendix III Geoindicator Selection
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grained streams that are more homogenous are still expected to display some diversity, though less than their
gravel counterparts. Uniform channels with constant depth, width and channel bed materials tend to be
characterised by uniform flow (Suren et al., 1998). The diversity of flow and of morphology is intertwined
and will be investigated as a paired factor.
The connection of the floodplain with the channel, an aspect frequently forgotten, is an important part of a
riverine system, displaying very high geomorphic diversity and associated with high biodiversity (Ward et
al., 2002). Connectivity with floodplains results in a diversity of depositional environments that aquatic
species may be reliant on for some of their life stages (Brierley and Fryirs, 2005). A common example is the
use of back channels as places for refuge during flooding. If the channel and the floodplain become
disconnected the channel effectively becomes confined, leading to changes in the flux boundary conditions.
Wood can have an important influence on channel shape, habitat and channel roughness. This includes pools,
bars and steps in particular (Montgomery and Buffington, 1997). Rivers with intact riparian strips exhibit a
high heterogeneity of geomorphic units, largely attributable to high quantities of wood (Brierley and Fryirs,
2005). They can be of special importance in confined high energy valleys in the upper catchment by
decreasing the width of streams and dominating channel formation (Montgomery and Buffington, 1997).
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Riparian vegetation
Riparian vegetation distribution and density can indicate the inputs the channel receives, including increasing
positive attributes such as wood, organic litter, or reducing negative aspects such as sunlight and nutrients
(Figure III.1; Reeves et al, 2004). A channel with riparian vegetation in ‘good’ condition would be expected
to have a continuous strip alongside the channel with predominately natives and a complex structured stand
with both primary and secondary growth.

Figure III.1 The effects of removing riparian vegetation from a channel boundary. Note that in an urban
setting, banks become wider rather then narrower due to the increase in flow.
(from Reeves et al., 2004: 14.2)

The type of vegetation can indicate the amount of disturbance that has taken place in the area. For example
an exotic stand indicates that deforestation has occurred, altering the system. Boothroyd et al. (2004) found
that streams in New Zealand with adjacent plantation pines had relatively wider widths and greater bank
erosion than those lined by native species. The higher diversity of species with more secondary growth of
plants such as tree ferns provide roots which hold the bank together. Quinn et al. (2004) found that some
invertebrates occurred three times more frequently in native than exotic forest in New Zealand. Exotic pines
have also been shown to have a higher quickflow than native vegetation, increasing the likelihood of
flooding which can have significant negative effects on habitat.
In this model, riparian vegetation is also analysed in terms of its longitudinal continuity. If tree vegetation is
not present, then the habitats within the stream can become damaged. Influences such as increased light can
result in increased temperatures and periphyton growth. Trees supply vegetation as food sources and increase
the structural complexity of the bed, increasing habitat quality. Increased rouphness can slow water transport
and reduce the likelihood of flooding (Montgomery and Buffington, 1997). Trees also filter contaminant
runoff, is especially important in an urban area (Boothroyd et al., 2004; Quinn et al., 2004). The root systems
strengthen the banks and decrease erosion, which changes the bank shape, while the plants decrease the
amount of water that reaches the channel through interception and evapotranspiration (Boothroyd et al.,
2004). The extent of this effect is more dramatic in reaches of low confinement and gradient or in alluvial
deposits that are non-cohesive, which can result in channel widening (Montgomery and Buffington, 1997).
This makes continuous forests far better buffers for protecting rivers against urbanisation and therefore an
indication of a river in better health.
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Plant growth may increase in urban areas with an increase in temperature and nutrients. Invasion of exotic
species is especially common as humans transport species across catchments. Figure III.2 shows plants that
are known to have a damaging effect on urban streams in Auckland. Displacement of natives often results in
alteration of food chains, drainage interference, reduced recreational amenity and blocking of channels,
effectively altering morphology and habitat (Suren and Elliott, 2004).

a)

c)

b)

e)

d)

Figure II.2 Invasive species listed as being a degrading influence on urban streams in the
Auckland Region: a) vallisneria gigantea b) Potamogeton crispus, c) Egeria densa, d)
lagarosiphon major and e) elodea Canadensis.
(species list from Suren and Elliott, 2004)

®

Figure III. 3 How the riparian vegetation geoindicator was used to determine condition for all River Styles
Natives Vs exotics
• All River Styles®

Natives are important for all types of river as they supply food that may be more
appropriate to the organisms living in the water. Rivers in a good condition would be
expected to have predominantly natives, with both primary and secondary structures. Poor
condition rivers would have riparian vegetation that consists of mostly or all exotics.
Continuous strip

• All River Styles®

Rivers in good condition would be expected to have a continuous or near continuous strip.
Poor would have no or well scattered vegetation.

• All River Styles®

The degree to which introduced plants are dominant in the stream, which may include
choking of the channel or degrading instream conditions by trapping of excess fine
sediment. No vegetation is expected to occur in stony bottomed streams so the presence
of any would consitiute a poor condition for these Riiver Styles. Fine bedded rivers that
have >50% of the stream bed covered with vegetation are also classified as being in ‘poor’
condition (as recommended in Suren et al., 1998).

Instream Vegetation
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Urban modification
This involves three factors all of which remain the same for all River Styles® . The first is land use, which
refers to the dominate land use upstream and the approximate % impervious surface. This is often used to
quantify the extent of urbanisation and correlated with many of the effects including water yield, peak
discharge, bankfull discharge, daily discharge, lagtime, baseflow, channel enlargement and channel stability
(Chin, 2006). The second feature looks at direct urban effects that constrain the channel, including human
modifications such as stormwater inputs and concreted channels or banks. Bridges are excluded from this
analysis as a disproportionate number of sites were near bridges for accessibility reasons. In many urban
areas, rehabilitation efforts such as riparian replanting are an important part of improving urban streams. It is
a tie between the people, the government representatives and the amount of effort going towards
rehabilitating the streams. This is associated with the level of recognition about the state of the streams and
their value to society. The spatiality of management within the catchment highlights areas that are viewed as
being particularly important. Most importantly, this variable has positive implications for the future. Riparian
planting now increases the chance for rivers to exhibit a better condition in the future.

®

Figure III.4 How the urban land use geoindicator was used to determine condition for all River Styles
Land use- Impervious Surface
• All River Styles®

Approximate proportions of upstream land use will be analysed. Streams in native vegetation
are good condition, pastoral are moderate and urban is poor.

• All River Styles®

Direct effects are noted by intensity, scored as low, medium or high on the site diagram.
Consideration is also given to aspects that occur out of the mapped area, but may affect the
stream. A piped stream would represent high intensity, while concrete banks or stormwater
pipes creating scour holes is considered medium intensity.

Direct Urban Effects

Rehabilitation Efforts
• All River Styles®

This has special relevance for the future of this river system. This aspect will only be used for
rivers with poor riparian vegetation and will be based on assessment of potential future
impacts of enhanced riparian vegetation.
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Unconfined tidal influence River Style®
The downstream reach is far more estuarine then the upper reaches and has a very different character,
requiring different protocols to assess condition. Geoindicators such as bank erosion and reach stability are
not applicable to these reaches due to the coating of tidal mud over the channel and banks being replaced by
inter-tidal mangroves. Condition assessment was therefore based on indications of sediment and nutrient
inputs, by interpreting the range and distribution of bed materials and algae growth. These fluvial delta
systems have quite diverse habitats and biota and excess amounts of sediments from land use change can
smother them. River deltas in good condition should have depositional features such as shoals consisting of
sand and gravels and bars, while poor condition reaches are likely to be homogenous, consisting only of mud
(Roy et al., 2001). The second indicator used the effects of excess contaminants such as nutrients to the
system. Excess nutrient inputs can result in massive changes to river deltas in supporting macroalgae and
phytoplankton blooms. Large accumulations of wrack may remain after the bloom (Roy et al., 2001),
affecting geomorphology by changing flows and sediment movement in the estuary, as well as having
dramatic effects on the biota by deoxygenating the waterway.

Figure III. 5 Geoindicators used for assessing the estuarine section of the Unconfined tidal influenced River Style
Bed Material
Bed material should display a range of sediments and depositional forms such as sand and gravel deposits. If this environment is
completely homogeneous and consisting mainly of mud then it will be assessed as poor condition.
Excess Algae Growth
Excess algal growth indicates high nutrient inputs to this area, degrading the environment for ecology. This indicator be assessed
through algae or wrack indicating poor condition.
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Intact valley fill River Style®
The intact valley fill or wetland section in the Twin Streams catchment has a simple morphology and must
be analysed using different variables. These are based on Clarkson et al.’s (2003) handbook for monitoring
wetland condition, designed for New Zealand wetland systems. Species diversity in wetlands can be
expected to decrease with changes in connectivity (Bornette et al., 1998) and increased nutrient loading rates
(Houlahan et al., 2006). This is especially important in urban areas as increased flows may increase
connectivity. Nutrient increases can cause a decline in species and a change from diatoms to filamentous
cyanobacteria (Clarkson et al., 2003). The distribution of riparian vegetation indicates the intensity and
distribution of edge effects the system may be open to. Sedimentation indicates the sediment flux at that
point in the catchment and can result in a lower water quality level with less light penetration. Dryland plant
invasion indicates a drop in the water table, which may be associated with an urban water extraction and
lower recharge rates due to the increase in impervious surface (Petts, 2002). The hydrological integrity is
similar to the direct impact assessment included in the urban stream section and investigates what has been
directly done in this system and how it alters the hydrology in the wetland.

Figure III.6 Geoindicators used for assessing condition for the Intact valley fill River Style

®

Species diversity
A visual, qualitative analysis of diversity was used. This includes structural diversity with plants occupying different levels such as
higher plants like cabbage trees and smaller flaxes.
Riparian Vegetation
The extent of riparian vegetation surrounding the site can tell us about the connectivity and protection a wetland has. The amount
of natives versus exotics and continuity of the coverage will be analysed.
Degree of sedimentation and erosion*
Recent earthworks or freshly dug drains in the catchment. Abrupt change in soil colour. Plants partially buried by sediment.
Suspended sediments. Erosion and deposition are also assessed at the main inlets and, e.g. for head-cuts, etc.
Dryland plant invasion*
The presence of dryland species such as broom, kanuaka, manuaka indicates a drop in the water table.
Hydrological integrity*
Look for the amount and intensity of manmade structures that may affect the hydrology of the valley fill. This is done through
assessing number, size, coverage, depth and effectiveness of manmade structures such as drains, stopbanks, tide gauges, etc.

*from Clarkson et al.’s (2003) handbook for monitoring wetland condition, designed for New Zealand wetland systems.
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Appendix IV - River Condition Field Diagrams

This section presents the completed question tables and associated diagrams of all field sites observed for the
condition assessment. Figure IV.1 represents the legend for all diagrams is shown in Appendix IV.

Figure IV.1 Key to river condition diagrams
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Site 1 (Fernwood Cres, Waikumete)
Confined, low sinuosity, mixed bed
Channel Geometry
• Bed level Stability
• Largest clast size

Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• In-stream
vegetation
Urban Modification
• Land use
(impervious
surface)
• Direct urban
effects
• Rehabilitation
efforts

Condition

1. Channel exhibits characteristics of a source zone and is appropriate to the
catchment setting. G

2. The zone does not include larger clasts and is dominated but other factors
such as wood and plant roots act to trap fines and organics which increases
habitat. G

2/2
Good

1. There is a high diversity of pools including steps, runs and pools as well as
a high diversity in channel form. G

2. Flow diversity is very good with multiple step-pool sequences. G
3. Wood (and plant roots) serve a very important purpose in this reach as they

3/3
Good

create and maintain structure and diversity for the stream. G

1. Good riparian strip that consists of all natives with undergrowth. G
2. The riparian vegetation is continious on both sides of the stream. G
3. There is no in-stream vegetation in this river which is appropriate for the

3/3
Good

River Style®. G

1. As this site is very high up in the headwaters of the catchment there is only
minimal development upstream and therefore this reach is classified as
being in native vegetation. G
2. There are no direct urban effects on the stream. G
3. N/A

Overall Condition

Substrate
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100%
Good

8/8 = 100% = Good
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Site 2 (Kaurilands Domain, Waikumete)
Partly confined, low sinuosity, fine bed

Condition

1. The river showed signs of aggradation due to the formation of benches
within an area that would have formally been channel area. This is not
what would be expected for this reach. P
2. Slumping evident, partially due to the weight of the plants pulling areas
of bank into the river. P
3. The widths and depths across the reach are quite similar with slight
variability but not as much as would be expected for an intact reach. P

Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood

0/3
Poor

1. This river has quite a homogenous character with similar sediments across
the river and a lack of different units. Only differences are from
vegetation choking the channel which does not add to the condition. P
2. The fluvial features are relatively homogenous. P
3. The floodplain is still attached and secondary channels are present on
both sides. G
4. Wood is present and contribute to creating diversity. G

Riparian Vegetation
1. There is a mix of native and exotic vegetation which consists of mainly
primary cover reducing the quality of riparian vegetation coverage. L
• Natives Vs exotics
• Continuous strip
2. The vegetation is patchy alongside the stream. L
• In-stream vegetation 3. The stream is choked with exotic vegetation covering up to 70% of the
channel bed. L

1. The surrounding area is dense urban. L
Urban Modification
2. This stream has a moderate impact from urbanisation. This is not evident
• Land use
on the section analysed but directly upstream there are multiple
(impervious surface)
stormwater inputs that would affect the hydrology and result in creating
• Direct urban effects
one of the secondary channels. M
• Rehabilitation
3. There are some efforts at rehabilitating the streams by planting trees.
efforts
This is not an extensive effort but should still result in better shading and
organic inputs to the stream in the future. Y
Overall Condition

2/4
Moderate

0/3
Poor

2/5
40%
Moderate

2/8 = 25% = Poor

Substrate
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Site 3 (Kaurilands Primary, Hibernia Stream)
Confined, low sinuosity, mixed bed

Condition

1. The reach shows characteristics of aggrading due to all the excess
Channel Geometry
• Bed level stability
• Largest clast size

sediment on the stream bottom. This is not what would be expected to
be seen in a source zone river. P
2. Clast sizes does not play a role at creating structure or diversity in this
river. The distribution of sediments is chaotic and includes excess fines
and clay sourced from the hillside. P

1. Very little diversity exists in this stream. Differences in sediment are
Geodiversity
formed by features such as fallen down plants or wood blocking the
• Diversity of geomorphic
channel. The channel is otherwise featureless. P
units
2. Flow diversity is limited and has only small differences in areas. P
• Diversity of flow
3. Wood is present in multitude in the channel and plays an important role
• Wood
at increasing features and habitat in the stream. G
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation

Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

0/2
Poor

1/3
Poor

1. The riparian vegetation consists of a mix of exotics and natives and only
has a primary cover. P

2. The distribution of the vegetation is patchy with areas of completely
bare clay banks. P
3. No in-stream vegetation is present in the stream though some is on the
periphery. This is seen as being acceptable for this river type. G

1/3
Poor

1. The surrounding land use is dense urban which would be expected to
have a high % of impervious surface. L

2. The only effect of human development is a jetty. This has created a
scour hole behind the legs and build up of debris. M

1/5
20%
Poor

3. No attempt at rehabilitation has been taken. N

Overall Condition

0/8 = 0% = Poor

Substrate
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Site 4 (Bishops Swamp)
Intact valley fill
Species Diversity

Condition
1.

The stream showed a good diversity of species, with primary and
secondary structure. G

1. There is a strip of riparian vegetation that has been maintained around
Riparian Vegetation

the intact valley fill. It is relatively thin but it is enough to offer
protection. G

Sedimentation/erosion

1. There is no evidence of sedimentation or erosion. G
1. There is evidence of dryland plants occupying the wetland area. This

Dryland Plant invasion

includes buttercup, wandering dew and dandelion and indicates a
lowering of the water level. L

3/5
Moderate

1. The hydraulic integrity is obviously impaired. Multiple drains that enter
Hydrological Integrity
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

the wetland and signs warning that flooding is a frequent occurrence
were present indicating that the hydrology is altered. L

1. The site is situated in a dense urban area with a high percent of
2.
3.

impervious area. As it is quite close to the headwaters though this will
only be rated as M.
Some direct urban effects are evident such as multiple urban drainage. M
N/A

Overall Condition
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50%
Moderate

5/9 = 55%= Moderate

155

Site 5 (Glendale Reserve, Waikumete)
Partly confined, low sinuosity, fine bed

Condition

1. The reach is relatively stable as would be expected in a transfer zone. G
2. Bank erosion is minimal. G
3. Channel geometry looked appropriate for the amount of water in the

Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

system. There was also good diversity with significantly wider and
deeper pools compared to riffles and runs. G

1. The diversity of the reach is very good with aspects including bars and
Geodiversity
areas with different sediment characteristics. G
• Diversity of
2. The flow diversity was very good including runs, riffles and pools. G
geomorphic units
3. The floodplain was still connected. This was limited on one side due to a
• Diversity of flow
very high bank, but the other side of the river had a park and in
• Floodplain diversity
particular a bench that was obviously inundated during high flows. G
• Wood
4. Wood was present in the reach and added to diversity and habitat by
helping to form the riffle and by collecting debris. G
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream
Vegetation

3/3
Good

4/4
Good

1. The riparian vegetation was a mix of native and exotic vegetation that
included some secondary structure. Due to the frequency of native
vegetation this was decided to be in good condition. G
2. Riparian vegetation forms a continuous strip along both sides. G
3. Instream vegetation was absent which is fine for this river type. G

Urban Modification
1. This stream is located in a dense urban area that would be expected to
• Land use
have a high percentage of impervious surface upstream. L
(impervious
surface)
2. The only direct urban effect is a smallish stormwater drain that delivers
• Direct urban effects
directly to the channel. M
• Rehabilitation
3. No rehabilitation was taking place. N
efforts
Overall Condition

3/3
Good

1/5
20%
Poor

6/8 = 75% = Good

Substrate
Appendix IV River Condition Diagrams

Flow

Flow/Substrate
156

Site 6 (Singer Park, Waikumete)
Partly confined, low sinuosity, fine bed
Channel Geometry
• Channel stability
• Bank erosion
• Channel geometry

Condition

1. The reach is very stable. G
2. Bank erosion was not present in the reach as was controlled by bedrock. G
3. There was a good diversity of morphology with wide pools and much thinner
runs. Depth also changed appropriately with pools being as deep as 188cm
whilst the run was only 14cm. G

3/3
Good

1. There was a very good diversity of geomorphic units as the stream was
Geodiversity
bedrock controlled. This includes areas where fines and smaller gravels have
been deposited, which may act as habitat for some biota. G
• Diversity of
geomorphic units
2. The flow was very diverse including runs pools and chutes. G
• Diversity of flow
3. Floodplain connectivity was very good with, including swamp back channel. G
• Floodplain diversity 4. Wood was present though not in large numbers due to the speed of the
• Wood
stream at this particular locale. Its location was in the pool which may act as
beneficial to sheltering biota during fast flows. G

4/4
Good

Riparian Vegetation
1. There was riparian vegetation mainly on one side of the river. It consisted of
a mix of exotics and natives however it was predominately native, with
• Natives Vs exotics
secondary structure. G
• Continuous strip
• Instream Vegetation 2. The riparian vegetation was very patchy as it was mainly on the right bank. P
3. Instream vegetation was absent which is appropriate for this River Style®. G

2/3
Moderate

Urban Modification
• Land use
1. This stream is located in a dense urban area. P
(impervious
surface)
2. No direct urban effects were visible at the study site. G
• Direct urban effects 3. No evidence of riparian rehabilitation was evident. N
• Rehabilitation
efforts

2/5
40%
Moderate

Overall Condition

6/8 = 75% = Good

Substrate
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Site 7 (Millbrook and View Rds, Oratia)
Partly confined, low sinuosity, bedrock, gravel and cobble bed
Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

Condition

1. This reach showed signs of aggradation due to a large accumulation of fines
across all of the channel. P

2. Bank erosion was not present in this reach. G
3. The channel geometry exhibited no appropriate diversity. P

1/3
Poor

1. This reach had no diversity of units or of sediment size and really had no
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood

formed units. The only diversity present was due to trash blocking the stream
and trapping sediment. P
2. This reach exhibited no diversity in flow. The only exception was due to the
trash changing flow but this was a localised aspect and not representative of
the whole reach. P
3. This river was not connected to the floodplain due to very high banks (about 8
metres) and businesses and roads occupying the areas directly adjacent to the
floodplains. P
4. Wood was rarely present and did not act to increase diversity. P

0/4
Poor

1. The riparian vegetation was a mix of exotics and natives and had only some
Riparian Vegetation
secondary structure. P
• Natives Vs exotics
2. The distribution was patchy. P
• Continuous strip
3. No in-stream vegetation was present, but there was a localised area of bright
• Instream Vegetation
orange algae which indicates excessive nutrients and would be expected to be
an extremely harmful presence in the summer when the flows are lower and
the water temperatures higher. P

0/3
Poor

Urban Modification
1. This river is located in a dense urban area which would be expected to have a
• Land use
very high % impervious surface. P
(impervious surface)
2. Storm water drains were present in this reach and large amount of trash
• Direct urban effects
which acted to block the channel. M
• Rehabilitation
3.
No signs of rehabilitation efforts were present. N
efforts

1/5
20%
Poor

Overall Condition

0/8 = 0% = Poor
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Site 8 (Falls Park, Henderson Creek)
Unconfined, low sinuosity with tidal influence (riverine)

Condition

1. This reach is showing signs of aggradation. This can be seen in the wider,
Channel Geometry
• Channel stability
• Bank erosion
• Channel geometry

flatter and more homogenous channel, the bank erosion and the deposition
of fines on the bottom of the stream. P
2. Bank erosion was quite high in this reach with a large section occurring on
the straight. P
3. The channel geometry has been altered by urbanisation with it becoming
overwidened to accommodate more flow and the diversity in depth is only
moderate. P

1. This reach displayed no real diversity in structure with only slight changes in
Geodiversity
width and depth and no well defined geomorphic units. P
• Diversity of
2.
There was no substantial change in flow with only slight changes between
geomorphic units
runs and more pool-like runs. P
• Diversity of flow
3.
The levees are so high that there is little or no connection with the
• Floodplain diversity
floodplain. P
• Wood
4. Wood is present in the reach and acts to accumulate plant debris. G
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream vege

0/3
Poor

1/4
Poor

1. The riparian vegetation contained a mix of exotics and natives and consisted
of only primary cover. P

2. The riparian strip has a patchy distribution. P
3. No in-stream vegetation was present in this reach. G

Urban Modification
1. This reach is located in a dense urban area, adjacent to the Henderson
• Land use
shopping district. It would be expected to have a very high impervious area.
(impervious
P
surface)
2. Direct urban effects were moderate with stormwater pipes and a foot-traffic
• Direct urban effects
bridge present. M
• Rehabilitation
3.
Replanting is occurring on the banks of this river. Y
efforts
Overall Condition

1/3
Poor

2/5
40%
Moderate

1/8 = 12.5% = Poor
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Site 9 (Central park off Quite St.)
Unconfined, low sinuosity with tidal influence (estuarine)
Water Quality
• Bed Material
• Excess Algal growth

Condition

1. The bed material is homogenous tidal mud with no indication of other
depositional environments. P
2. There was no sign of excess algal growth. G

1/2
Moderate

1. This reach is a smoothed system that has no diversity of geomorphic units
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood

of character. P

2. No diversity of flow was apparent. P
3. The floodplain is not still attached to the channel. It is heavily developed
and has a section of mangroves and then banks. No evidence of wetland
systems exist. P
4. There is scattered Wood but not in the quantities that would be expected
for this type of system. P

Riparian Vegetation
• Natives Vs exotics
• Continuous strip

1. The vegetation consists of a mix of exotic and native vegetation with only

Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

1. This reach occurs in a dense urban area that has a high % of impervious

primary structure. P
2. The riparian vegetation has a scattered distribution. P
surface. P

2. There are areas where stormwater is drained into the river and
accumulations of urban litter. M

0/4
Poor

0/2
Poor

1/5
20%
Poor

3. There was no evidence of rehabilitation efforts. N

Overall Condition

1/8 = 12.5% = Poor

Substrate
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Site 10 (Sel Peacock Drive, Opanuku)
Unconfined, low sinuosity with tidal influence (riverine)
Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood

Condition

1. This reach is showing signs of aggradation. It is over-wide, with excess
amounts of silt and has bank erosion on the straight. P

2. This reach has a wide area of slumping where the cohesive clay bank is
getting washed away. P

0/3
Poor

3. This reach appears to be over-widened and homogenous. P
1. The diversity of geomorphic units is very low and the character of the
reach and the distribution of sediments is very similar. P

2. The flow is practically homogenous. In this section diversity has been
caused by an accumulation of wood but this is localised. P
3. The floodplain is not connected due to very high banks. P
4. Wood has a very positive influence in this reach creating a diversity of flow
and accumulation of sediments and organic debris. G

Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vege

1. Riparian vegetation consists of both natives and exotics and has primary

Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

1. This reach is located in a dense urban area, adjacent to the Henderson

cover only. P

2. The riparian vegetation has a patchy distribution. P
3. No in-stream vegetation is present in this reach. G
shopping district, which is expected to have a very high impervious surface
area. P
2. No direct urban effects were present at the site. G
3. Replanting of native grasses was evident on the banks of this reach. Y

Overall Condition

1/4
Poor

1/3
Poor

3/5
60%
Moderate

1/8 = 12.5% = Poor

Substrate
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Site 11 (Plummer Domain, Opanuku)
Partly confined, low sinuosity, fine bed

Condition

1. The channel was showing signs of aggradation seen in the high fine
grained sediment load and the bank erosion. P
Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

2. The right bank had an area of extensive bank slumping where a large area
had been deposited into the river. P

3. The channel geometry did not change very much to create different
units. While the width did show some variation (640cm and 310cm at the
extremes) the depth showed very little (58cm and 92cm) indicating quite
a homogenous character. Also the width/depth ratios were quite high
indicating over-widened channels. P

0/3
Poor

1. These reach had no defined different geomorphic units and only small
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood

fluctuations in channel width and depth. P

2. The flow had a very homogenous character and the only areas displaying
any diversity were where wood influenced the current. P

3. There was very little connectivity with the floodplain due to the very high

1/4
Poor

banks and water is only expected to reach these areas rarely. P

4. Wood was present and did contribute to increasing the diversity in a very
homogenous system. G

Riparian Vegetation

1. The riparian vegetation consists of mainly exotics with a good secondary

• Natives Vs exotics
• Continuous strip
• Instream Vegetation

2. The riparian vegetation has a patchy distribution being predominately

structure. G
located on the right bank of the river. P

2/3
Moderate

3. Instream vegetation was absent but is expected for this river type G

Urban Modification
1. The main land use in this area is dense urban and industrial which would
have a low % of impervious area. P
• Land use (impervious
surface)
2. A direct stormwater input was present at the site with an area of the
• Direct urban effects
stream that had been concreted below. M
• Rehabilitation efforts 3. There was no indication of rehabilitation. N
Overall Condition

1/5
20%
Poor

1/8 = 12.5% = Poor

Substrate
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Site 12 (Candia Rd, Opanuku Stream)
Partly confined, low sinuosity, bedrock, gravel and cobble bed

Condition

1. This river exhibits the minimal amount of loose fines (except in pools
Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

where expected) and the structure is well developed and non-chaotic
which indicates that the river is relatively stable. G
2. Bank erosion was minimal at this site. G
3. There is a good amount of change between pools and riffles with the
depth changing from 16 to 97cm and the width from 550 to 1170cm. G

3/3
Good

1. The geomorphic units show a very good diversity with lateral and midGeodiversity
• Diversity of geomorphic
units
• Diversity of flow
• Floodplain diversity
• Wood

Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation

channel bars and pools, riffles and runs exhibiting different
characteristics. G
2. The diversity of flow is very good with pools, riffles and runs present.
G
3. The floodplain is well connected with one side of the channel still in
natural riparian vegetation. G
4. Wood is present and is acting to increase habitat and trapping food
sources. G

4/4
Good

1. Riparian vegetation consists mainly of natives with a secondary
structure. G

2. The vegetation forms an almost continuous strip over the channel. G
3. No in-stream vegetation is present in the reach which is good for a

3/3
Good

gravel stream. G
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

1. The land use upstream is mostly pastoral and lifestyle blocks that
while may have a low % impervious surface, may deliver nutrients and
sediment to the channel that could disturb the structure, M
2. No direct urban effects were present at the channel. G
3. The riparian strip is in good condition even though not intact and no
rehabilitation is necessary. N/A.

Overall Condition

3/4
75%
Good

8/8 = 100% = Good

Substrate
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Site 13 (Stoney Creek, Opanuku)
Confined, low sinuosity, gravel bed
Channel Geometry
• Bed level Stability
• Largest clast size

Condition

1. This reach is stable. This can be seen as it has a good structure with out
excess fines. G

2. The bedcover shows a good level of diversity and consists of bedrock,

2/2
Good

bolders, cobbles and gravels. G

1. There is a good diversity of the geomorphic structure of the channel.
Geodiversity
There is a good diversity in widths, different chatacteristics of sediment
• Diversity of geomorphic
at different units and features such as mid-channel and lateral bars. G
units
2. Flow diversity is very good and consists of pools, riffles, runs, steps and
• Diversity of flow
dead-water areas. G
• Wood
3. Wood is present and acts to trap organic material. G
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

3/3
Good

1. The riparian margin is made up of native bush with a thick secondary
structure. G

2. The riparian margin formed a continuous strip. G
3. No in-stream vegetation was present. G
1. This reach is located in native forest with scattered houses around and a
very low impervious surface. G
2. One stormwater pipe was present at the site. M
3. N/A

Overall Condition

3/3
Good

3/4
75%
Good

8/8 = 100% = Good

Substrate
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Site 14 (Opanuku pipeline)
Confined, low sinuosity, gravel bed
Channel Geometry
• Bed level Stability
• Largest clast size

Condition

1. This reach is stable. This can be seen as it has a good diverse structure
with out excess fines. G

2. The bedcover shows a good level of diversity and consists of bedrock,

2/2
Good

bolders, cobbles and gravels. G
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

1. There is a good diversity of the geomorphic structure of the channel.
There is a good diversity in widths, different chatacteristics of sediment
at different units and features such as bars, riffles, runs and pools. G
2. Flow diversity is very good and consists of pools, riffles, runs, steps and
dead-water areas. G
3. Wood is present and acts to trap organic material. G

3/3
Good

1. The riparian margin is made up of native bush with a thick secondary
structure. G

2. The riparian margin formed a continuous strip. G
3. No in-stream vegetation was present. G
1. This reach is located in native forest with scattered houses around and a
very low impervious surface. G
2. No direct urban effects were present. G
3. N/A

Overall Condition

3/3
Good

4/4
100%
Good

8/8 = 100% = Good

Substrate
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Site 15 (Cantwell Stream, Shaw Road)
Confined, low sinuosity, gravel bed
Channel Geometry
• Bed level Stability
• Largest clast size

Condition

1. This river showed signs of aggradation seen in all the fines that are
covering the gravels. P

2. There are large boulders that are creating structure and biodiversity,
however the plethora of fine sediment is working to decrease diversity and
habitat availability by filling in the gaps between the gravel. P

0/2
Poor

1. The stream exhibits good diversity seen in a range of widths and depths
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation

and sediment accumulations. G

2. The flow has a very good diversity including pools, riffles, runs and a
chute. G
3. Wood is present in the reach and acts to create diversity by trapping
vegetation debris and creating diversity in the bed by trapping sediment.
G

3/3
Good

1. The vegetation consists of mainly natives with both primary and secondary
structure. G

2. The riparian strip is intact and only has a few very small gaps. G
3. No instream vegetation was present in the reach. G

Urban Modification
1. The surrounding land use consists of lifestyle blocks and further upstream
native vegetation and would be expected to have a very low impervious
• Land use (impervious
surface. G
surface)
• Direct urban effects 2. No direct urban effects were present. G
• Rehabilitation efforts 3. N/A
Overall Condition

3/3
Good

4/4
100%
Good

6/8 = 75% = Good

Substrate
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Site 16 (Knock-na-gree, Oratia Stream)
Partly confined, low sinuosity, bedrock, gravel and cobble bed

Condition

1. This river was showing signs of aggradation seen in a lot of silt being
deposited on the stream bottom and on the floodplain. P

Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

2. Bank erosion was evident on the right bank were slumping on a straight
section was observed. P
3. The channel geometry displayed a good amount of diversity with some
very deep pools and shallow riffles and no evidence of an enlarged
channel. G

1/3
Poor

1. There was a good diversity in the stream with bars and accumulations
of different sized sediment and a diverse range of channel width and
Geodiversity
local character. G
• Diversity of geomorphic
2.
The diversity of flow was very good with pools, riffles and runs
units
observed. G
• Diversity of flow
3.
The river was well connected to the floodplain with a secondary
• Floodplain diversity
channel and recent silt deposition. G
• Wood
4. Wood was present in the system and acted to trap debris and sediment
to add to the diversity in the system. G
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

4/4
Good

1. The riparian vegetation consisted of a mix of native and exotic shrub
with little primary cover offering limited shade to the stream. P

2. The riparian strip has a patchy distribution. P
3. Instream vegetation is absent from the river system. G
1. Land use consists of native forest, some subdivisions and a few
orchards, with a low amount of impervious surface. G
2. No direct urban effects were present. G
3. Replanting of natives was taking place alongside the stream. Y

Overall Condition

1/3
Poor

5/5
100%
Good

4/8 = 50% = Moderate

Substrate
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Site 17 (Oratia Stream, Parrs Cross Rd)
Partly confined, low sinuosity, bedrock, gravel and cobble bed

Condition

1. This site is exhibiting signs of incision indicated by the very high levees
also the lack of gravel as would be expected at this location indicates that
increased competency of the river may resulted in their removal. P
2. This channel is exhibiting bank erosion on straight sections of the river in
the form of bank slumping. P
3. The channel has very little diversity seen in the geometry with widths
varying between 420 and 500 cm. P

Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

0/3
Poor

1. This channel has no real units formed and displays a fairly constant
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood

Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vege

character. P

2. The flow is very homogenous with constant runs and one pool that is
formed by wood trapping debris. However the difference in velocity
between the runs and the pools is quite small. P
3. The floodplain is not connected due to banks that are about 3 metres high
so that only very large events would be able to access the floodplain. P
4. Wood is present in the reach and is the only factor that creates some
diversity by trapping debris and slowing some of the flow. G

1/4
Poor

1. The riparian vegetation consists of a mix of exotics and natives and
secondary structure is only present in some areas. P

2. The riparian vegetation has a patchy distribution. P
3. No in-stream vege is present. G

1. The surrounding land use consists of Orchards and Light Urban which
Urban Modification
would be expected to have a low impervious surface. M
• Land use (impervious
2.
There is a stormwater system designed to be low impact by perculating
surface)
through a pool before entering the stream. However, considerable erosion
• Direct urban effects
has occurred at the point where it enters the stream. M
• Rehabilitation efforts
3. Replanting of manuaka and other native shrubs has occurred. Y
Overall Condition

1/3
Poor

3/5
60%
Moderate

1/8 = 12.5 = Poor

Substrate
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Site 18 (Henderson Valley Rd, Anamata Stream)
Partly confined, low sinuosity, bedrock, gravel and cobble bed

Condition

1. The channel is showing signs of incision due to the deep V shaped
Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

banks between 3 to 4 metres high. P

2. Bank erosion is low due to a heavy covering of exotic vege on the
banks. G
3. The channel has a very homogenous geometry with widths varying
between 55 and 65 cm and depths between 17 and 37cm. P

Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

1. The channel is very homogenous and no geomorphic units exist. P
2. The flow over the reach exhibits very little diversity. P
3. The stream is nto connected to the floodplain due to the very high
levees. P

1/3
Poor

1/4
Poor

4. Wood is present and the only flow diversity can be attributed to it. G
1. No riparian vegetation is present on the edge of the channel. P
2. P
3. No in-stream vegetation is present which is appropriate for this River

1/3
Poor

Style®. G

1. The surrounding land use consists of pastoral, orchards and light urban
which would be expected to have a moderate amount of % impervious
surface. M
2. No direct urban effects were present. G
3. There were no rehabilitation efforts. N

Overall Condition

3/5
60%
Moderate

1/8 = 12.5% = Poor

Substrate
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Site 19 (Gun Camp Stream, Opanuku Tributary)
Confined, low sinuosity, gravel bed
Channel Geometry
• Bed level Stability
• Largest clast size

Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream vegetation

Condition

1. The stream showed signs of aggradation seen through silts covering the
bedrock bottom and the water level being very close to the top of the
banks. P
2. This river had a very small range of clast and only included silts and some
bedrock which is not what would be expected of this River Style®. P

1. This river showed very little diversity and no real geomorphic units. P
2. The flow had a good diversity due to the plants large influence on the
channel. G
3. No wood was present at the channel which is likely due to the lack of
riparian vegetation. P

1. No riparian vegetation was present. P
2. P
3. There was abundant in-stream vegetation which covered about 70% of the

0/2
Poor

1/3
Poor

0/3
Poor

channel, likely a result of excess nutrients. P

Urban Modification
1. The surrounding land use is pastoral with sheep being the main animal and
• Land use (impervious
an expected low impervious surface. G
surface)
2. A large drain was being used as a bridge just downstream of the site. M
• Direct urban effects
3. No rehabilitation efforts were taking place. N
• Rehabilitation efforts
Overall Condition

3/5
60%
Moderate

1/8 = 12.5% = Poor

Substrate
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Site 20 (Upper Fairy Falls)
Steep, confined, bedrock headwater

1. This reach is stable as it is eroding into bedrock which is what is

Channel Geometry
• Bed level Stability
• Largest clast size

expected for this River Style®. G

2. This reach consists 90% of bedrock, with gravels accumulating in the
®

pools. This is what would be expected for this River Style due to the
steepness of the slope and the amount of stream power. G

Geodiversity
• Diversity of geomorphic
units
• Diversity of flow
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

Condition

2/2
Good

1. There is a very high diversity of units and of slope (the controlling
factor of units in this River Style®). G

2. There is a very good diversity of flow including features such as
plunge pools, cascades and waterfalls. G

3/3
Good

3. Wood is present and acts to trap debris. G
1. The riparian margin is made up of native bush with a thick secondary
structure. G

2. The riparian margin formed a continuous strip. G
3. No in-stream vegetation was present. G
1. This reach has only native forest upstream and the % impervious
surface would be 0. G
2. No direct urban effects were present. G
3. N/A

Overall Condition

3/3
Good

4/4
100%
Good

8/8 = 100% = Good

Substrate
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Site 21 (Below Fairy Falls)
Confined, low sinuosity, gravel bed

Condition

1. This reach is stable. This can be seen as it has a good diverse

Channel Geometry
• Bed level Stability
• Largest clast size

structure with out excess fines. G

2. The bedcover shows a good level of diversity and consists of
bolders, cobbles and gravels and different characteristics of
sediment in different units. G

2/2
Good

1. There is a good diversity of the geomorphic structure of the
Geodiversity
• Diversity of geomorphic
units
• Diversity of flow
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

channel partly attributable to boulders creating more diversity.
There is also a good diversity in width and depth. G
2. Flow diversity is very good and consists of, riffles, runs, steps and
areas of recirculating flows. G
3. Wood is present and acts to trap organic material and increase
habitat potential. G

3/3
Good

1. The riparian margin is made up of native bush with a thick
secondary structure. G

2. The riparian margin formed a continuous strip. G
3. No in-stream vegetation was present. G
1. This reach has only native forest upstream and the % impervious
surface would be 0. G
2. No direct urban effects were present. G
3. N/A

Overall Condition

3/3
Good

4/4
100%
Good

8/8 = 100% = Good

Substrate
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Site 22 (Oratia Plant Nursery, Cochrane Stream)
Confined, low sinuosity, gravel bed

Condition

1. This river is showing signs of aggradation with many fines
Channel Geometry
• Bed level Stability
• Largest clast size

present. P

2. This stream has a range of sediment, predominately gravels.
However the high amount of sand in the system works to fill in
the gaps between the sediment and reduce the amount of
habitat. P

Geodiversity
• Diversity of geomorphic
units
• Diversity of flow
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation

Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

0/2
Poor

1. There is a good range of geomorphic diversity with different sizes
of sediment, bars and different widths for pools and riffles. G

2. There is a good range of flow diversity with riffles, runs and
slowly moving pools. G
3. Wood is present and is acting to increase diversity by trapping
debris. G

3/3
Good

1. The riparian strip consists mainly of natives which has a thick
secondary structure. G

2. The riparian vegetation is patchy being predominately present
only on the left bank. P
3. No in-stream vegetation is present which is appropriate for this
River Style®. G

2/3
Moderate

1. The land use in the surrounding area consists mainly of lifestyle
blocks and native bush with a few orchards. G

2. This site had blocks of concrete in the pool, run, possibly remains
of foundations. M

3. A lot of replanting has been undertaking especially on the upper

4/5
80%
Good

slopes of the banks. Y

Overall Condition

5/8 = 62.5 = Moderate

Substrate
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Site 23 (Gum Rd, Driving Stream)
Partly confined, low sinuosity, bedrock, gravel and cobble bed

Condition

1. This channel exhibited signs of stability. This could be seen by

Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry

an appropriate size and structure of grains in the reach. G

2. No bank erosion was present at the site. G
3. Channel Geometry was appropriate with very shallow riffles (15

3/3
Good

cms) and deeper pools (52 cm) G

1. The channel geometry is well formed with large clasts adding
Geodiversity
• Diversity of geomorphic
units
• Diversity of flow
• Floodplain diversity
• Wood

2.

3.
4.

structure and depositional elements such as mini-bars present.
G
The diversity of flow is good. Though no still pools were present
at sampling time this is attributed to the high water levels and
the structure of the reach makes it likely that pools would exist
at low flows. G
The floodplain still remains well connected. G
Wood is present in the reach and acting to trap debris. G

Riparian Vegetation

1. The riparian vegetation consists of mainly natives with a

• Natives Vs exotics
• Continuous strip
• Instream Vegetation

2. The riparian strip has a patchy distribution. P
3. No in-stream vegetation is present which is appropriate for this

Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

secondary structure. G

4/4
Good

2/3
Moderate

River Style®. G

1. The land use in the area is mainly life-style blocks and native
2.
3.

forest upstream. G
One smallish drain input was present. M
No rehabilitation has taken place. N

Overall Condition

3/5
60%
Moderate

6/8 = 75% = Good

Substrate
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Site 24 (Lower Henderson Creek)
Unconfined, low sinuosity with tidal influence
Water Quality
• Bed Material
• Excess Algal growth

Condition

1. The bed material is homogenous tidal mud with no indication of other
depositional environments. P
2. There was no sign of excess algal growth. G

1/2
Moderate

1. This reach is a smoothed system that has no diversity of geomorphic
Geodiversity
• Diversity of geomorphic
units
• Diversity of flow
• Floodplain diversity
• Wood

units of character. P

2. No diversity of flow was apparent. P
3. The floodplain is not still attached to the channel. It is heavily
developed and has a section of mangroves and then banks. No
evidence of wetland or secondary channels exist. P
4. There is scattered wood but not in the quantities that would be
expected for this type of system, which would expected to be an area
where wood would accumulate. P

1. The vegetation consists of a mix of exotic and native vegetation with a

Riparian Vegetation
• Natives Vs exotics
• Continuous strip

mostly only secondary structure present. P
2. The riparian vegetation has a scattered distribution. P

Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

1. This reach occurs in a dense urban area that has a high % of
impervious surface. P
2. There are areas where stormwater is drained into the river. M
3. Replanting of native shrubs along the banks was evident. Y

Overall Condition

0/4
Poor

0/2
Poor

2/5
40%
Moderate

2/8 = 25% = Poor

Substrate
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Site 25 (West Coast and Kelly Rd, Potter Stream)
Confined, low sinuosity, gravel bed

Condition

1. This reach is showing signs of aggradation. This can be seen in the

Channel Geometry
• Bed level Stability
• Largest clast size

overload in fine sediment to the stream and in the lateral
instability and bank erosion that is occurring. P
2. Fines have swamped the gravel bed. This has worked to reduce
habitat and reduces the condition of the river. P

Geodiversity
• Diversity of geomorphic
units
• Diversity of flow
• Wood

1. The diversity of geomorphic units is not as high as expected and is

Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation

1. The riparian vegetation consists of mainly natives with some

Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

mainly caused by wood and concrete. P

2. Flow diversity is quite good due to the wood creating structure. G
3. Wood is very important in this reach as it creates an increase in the

0/2
Poor

2/3
Moderate

diversity of structure and particulary flow. G
secondary structure. G

2. The riparian vegetation has a patchy distribution. P
3. No instream vegetation is present in the reach. G

2/3
Moderate

1. The surrounding land use consists of native forest, some pastoral
and a few lifestyle blocks, but is quite high up and so the %
impervious surface is low. G
2. The only direct urban effect is that a large block of concrete had
been deposited into the stream. G
3. No rehabilitation efforts are taking place. N

Overall Condition

4/5
80%
Good

4/8 = 50% = Moderate

Substrate
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Site 26 (Grassmere Road, Parekura Stream)
Confined, low sinuosity, gravel bed

Condition

1. This reach is exhibiting signs of stability as it has a good structure and

Channel Geometry
• Bed level Stability
• Largest clast size

not too many fines. G

2. There is a good diverse range of sediment with a good spatial

2/2
Good

distribution of different sizes in different units. G
Geodiversity
1. There is a good diversity in structure with changes in widths and a
diverse range of units. G
• Diversity of geomorphic
units
2. The diversity of flow is very good with riffles, steps and pools present.
• Diversity of flow
G
• Wood
3. Wood is present accumulating on bars and trapping debris. G
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream Vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

3/3
Good

1. The riparian vegetation consists mainly of natives with some secondary
structure which is in the process of regenerating. G

2. It forms a continuous strip alongside the channel. G
3. No in-stream vegetation is present. G
1. The surrounding land use consists of native forest with some lifestyle
blocks. G
2. No direct urban effects were present. G
3. No need due to the natural regeneration taking place. N/A

Overall Condition

3/3
Good

4/4
100%
Good

8/8 = 100% = Good

Substrate
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Site 27 (Oratia Stream- Otimai Camp)
Partly confined, low sinuosity, bedrock, gravel and cobble bed
Channel Geometry
• Channel Stability
• Bank erosion
• Channel geometry
Geodiversity
• Diversity of
geomorphic units
• Diversity of flow
• Floodplain diversity
• Wood
Riparian Vegetation
• Natives Vs exotics
• Continuous strip
• Instream vegetation
Urban Modification
• Land use (impervious
surface)
• Direct urban effects
• Rehabilitation efforts

Condition

1. This reach is stable as it has a good structure and an appropriate bank
height. G

2. No bank erosion was evident at this site. G
3. The channel had a good diversity with depth ranging from 12cm to 135 and

3/3
Good

width from 360 to 630cm. G

1. The geomorphic diversity was very good with wide pools, narrow riffles and
an appropriate diversity of sediment in the different units. G

2. The diversity of flow was very good with riffles, runs pools and deadwaters. G
3. The floodplain was still connected and had areas where silts and sands
settle out. G
4. Wood was present in the reach and was acting to trap debris. G

4/4
Good

1. The riparian vegetation was mainly native with a thick secondary
structure. G

2. The riparian margin formed a continuous strip. G
3. No in-stream vegetation was present at this reach. G
1. The surrounding land use consists of native forest with some lifestyle
blocks. G
2. No direct urban effects were present. G
3. N/A

Overall Condition

3/3
Good

4/4
100%
Good

8/8 = 100% = Good

Substrate
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