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Taylor River Catchment Characterisation - Doctors Creek 

Executive Summary 
State of the Environment sampling identified Doctors Creek, upstream of the Taylor River as one of the 
worst sites in regard to water quality. In the Surface Water State of the Environment report 2013, Doctors 
Creek ranked in the bottom five of the 34 sites monitored. 

During base-flow, Doctors Creek supplies a significant portion of surface flow to the lower reach of the 
Taylor River which is part of the River Reserve. Therefore, the degraded water quality of Doctors Creek 
affects the water quality of the Taylor River.  

The Taylor River reserve is a particularly popular recreational area for walking, running, cycling and 
rafting. In some areas the river is also used for swimming.  

In recognition of the significant value of the Taylor River, funding for a catchment characterisation study 
was approved by the Environment Committee in 2012. The funding was divided into two parts.  

(a) The Assets and Services Department was to investigate and report on the influences of Blenheim’s 
stormwater on the water quality of the Taylor River. 

(b) The Environmental Science team was to focus on the predominantly rural sources in the Doctors 
Creek catchment and the Taylor River upstream of Doctors Creek. The report presented 
represents this part of the study. 

The Taylor River upstream of Doctors Creek contributes less than 10% of the flow to the lower Taylor 
River system. Additionally, some parts of the Taylor River around New Renwick Road were dry during 
most of 2014 resulting in a disconnection in the surface flow from the upper catchment. The results of the 
2013/14 investigation also showed that water quality of the small flow that did contribute to the lower 
Taylor River was generally good. For this reason the focus of the investigation went primarily to the 
Doctors Creek catchment. 

High nitrate concentrations were found to mainly originate from groundwater that emerges in Doctors 
Creek and its tributaries, particularly groundwater that flows in from the west. Nitrate concentrations in 
groundwater are naturally very low, but leachate from land use activities, particularly irrigated cattle 
pasture and cropping results in elevated concentrations. 

Most Dissolved Reactive Phosphorus (DRP) also originated from groundwater, but a combination of the 
removal of bank vegetation and the sheep grazing on vineyards was found to be an additional source 
during the winter months. 

Increases in turbidity during base-flow were found to have several causes. Construction works in and 
around the waterways together with livestock access to the waterway caused significant amounts of fine 
sediment to accumulate on the stream bed. Additionally, the removal of bank vegetation resulted in high 
sediment inputs during rainfall events. Once fine sediment had accumulated on the stream bed, it was 
easily remobilised back into the water column by wildfowl and livestock moving in the water. The spraying 
of aquatic weed intensified sediment release, as it exposed the sediment to higher water velocities. After 
a prolonged period of low flow another less common source of turbidity was identified. High nutrient 
concentrations combined with the lack of shade resulted in excessive growth of filamentous algae. Some 
filaments had grown so extensively small parts were being broken off by the water current or wildfowl and 
were floating downstream. The cumulative effect of these free floating algae pieces resulted in a steady 
increase in turbidity in a downstream direction. 

Health risks to swimmers indicated by high E. coli concentrations was a major concern. Concentrations 
were generally higher in summer as lower flows resulted in reduced dilution. Human sources were found 
in Yelverton Stream, while wildfowl and ruminant sources were the cause of faecal contamination in other 
parts of Doctors Creek. Some of the highest concentrations were measured downstream of an area 
where cattle had direct access to the waterway. 

Continuous measurements of water temperature, dissolved oxygen saturation and pH showed that all 
three parameters exceeded the guidelines during summer. This was caused by a lack of shading due to 
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the absence of tall vegetation along most of the stream banks, but also the excessive growth of aquatic 
plants. The guidelines for these parameters are based on ecological values, which means guideline 
exceedances are likely to result in reduced biodiversity. This was confirmed when Macroinvertebrate 
(Aquatic Insect) and fish data were analysed. 

Median concentrations of heavy metals monitored (arsenic, copper, zinc and lead) were all below the 
95% Species Protection trigger values. 

Pesticide sampling found concentrations of only one herbicide (Terbuthylazine) above detection limit, but 
levels were very low.  

The exclusion of livestock, better bank management and avoiding work in flowing water ways would result 
in a significant improvement of water quality in Doctors Creek. 
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Taylor River Catchment Characterisation - Doctors Creek 

1. Introduction  
Doctors Creek is one of the main tributaries of the Taylor River and is part of a number of spring-fed 
streams located to the north and west of Blenheim, referred to as the ‘Southern Springs’. During base-
flow, these springs contribute more than 90% of the flow to the Taylor River. Unlike most of the other 
springs, Doctors Creek also receives water from a hill catchment to the south of the spring belt. However, 
during base-flow and particularly in summer, nearly the entire flow of the creek originates from emerging 
groundwater. The Doctors Creek catchment has a size of 54.5 km2 and constitutes more than 35% of the 
Taylor River catchment (Figure 1). 

 

Figure 1: The Taylor River and Doctors Creek catchments. The focus area of this report is shown 
in red. Also shown are sites where monthly sampling is carried out as part of the State of the 
Environment (SoE) program and the location of the flow recorder on the upper Taylor River 
(Taylor River at Borough Weir). 

Monthly sampling of Doctors Creek and the Taylor River as part of the State of the Environment program 
showed the water quality of both water bodies to be degraded. In the State of the Environment report 
2013, Doctors Creek ranked in the bottom five of the 34 sites monitored. The water in the Taylor River 
had a slightly better, but still only marginal quality. Due to the large contribution of Doctors Creek to the 
Taylor River flow, the poor water quality of Doctors Creek is a significant cause of water quality 
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degradation in the Taylor river. The Taylor River and the associated River Reserve are of significant 
recreational and aesthetic value for the residents of Blenheim and good water quality of the river is an 
important factor for the enjoyment of the reserve. The main concerns, particularly for Doctors Creek, are 
reduced water clarity and high E. coli concentrations.  

Parts of the Taylor River are used for contact recreational activities, like swimming. Therefore additional 
weekly monitoring of E. coli concentrations during the summer months is carried out to assess the risk of 
infection with water borne diseases from faecal contamination. This sampling is done at the Riverside 
Park, a few meters upstream of the State of the Environment sampling site. The monitoring has shown 
water was unsafe for contact recreation several times every year. The site was graded as ‘very poor’, 
meaning that swimming is generally not recommended. An investigation into the sources of high E. coli 
concentrations found ducks and dogs were the primary sources in the lower Taylor River. The 
investigation also revealed that the highest E. coli concentrations were found in Doctors Creek and its 
tributaries. 

The results of the State of the Environment and the recreational water quality sampling exposed 
significant water quality problems for the Taylor River and its tributary, Doctors Creek. Due to the 
recreational importance of the Taylor River for the community, the Council’s Environment Committee 
recommended a detailed catchment study of the Taylor River and its tributaries. Funding for this study 
was approved for the 2013/2014 financial year. It was recognized that the effects of the urban 
environment were quite different from problems arising in the rural parts of the catchment. Consequently 
the study was divided into two parts. 

1. A stormwater monitoring project would investigate the effect of urban stormwater on the water 
quality of the Taylor River downstream of the confluence with Doctors Creek. This study also 
includes the Blenheim springs.  

2. A catchment characterisation for Doctors Creek and the Upper Taylor River catchment was to 
investigate the rural influences on water quality. The report presents the findings for this part of the 
study. 

For each part, funding was provided for investigative sampling and the writing of a report. For the second 
(rural) part of the study, it was decided to mostly restrict the investigative sampling to base-flow 
conditions. The catchment is located in an area of relatively low rainfall1. Consequently, base-flow 
conditions are characteristic of the state of the waterways during most of the year.  Flood conditions 
represent relatively rare events of limited duration. Additionally, flood events are highly variable in regard 
to intensity and duration. This means water quality during a flood not only changes during the event, but 
also varies from one event to the next making representative sampling very difficult. If flood events were 
included, a time-period of several years would be required for the investigation. The time-frame for this 
study was restricted to slightly more than a year. Nevertheless, for parameters that were potentially 
affected by processes occurring during flood events, samples were also taken at higher flows. 

Over 60 sites were sampled, mainly in the Doctors Creek catchment. Earlier flow gaugings and field 
observations had shown the flow contribution of the Taylor River catchment upstream of the confluence 
with Doctors Creek was less than 10% during most of the summer. A significant length of the Taylor River 
dries out during prolonged dry periods and surface flow only reappears a short distance upstream of the 
confluence with Doctors Creek. Consequently, it was decided to investigate the water quality in the Upper 
Taylor River during the winter months, when flows were higher and the river would carry surface flow 
along its whole length. Based on field observations this occurs if the flow recorded at the Borough Weir 
exceeds 0.15 - 0.25 m3/s.  

Unfortunately, after the first sampling round of the upper Taylor catchment was carried out in July 2014, a 
dry winter resulted in no other sampling opportunity at base-flow (Figure 2). 

1 Average annual rainfall in Blenheim is 630mm 
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Figure 2: Taylor River flow at Borough Weir. Flows above the red line indicated continuous 
surface flow along the whole length of the river, downstream of the flow site. 

Nevertheless, as part of the investigation more than ten samples were taken from the Taylor River, just 
upstream of the confluence with Doctors Creek. The water quality at this site was generally very good, 
which means the upper Taylor River catchment is unlikely to be a significant contributor to the degraded 
water quality found further downstream. 

For this reason, the focus of this report is the Doctors Creek catchment and particularly the waterways 
that carry surface flow for a significant amount of time. These are located in the lower lying areas marked 
red in Figure 1.  

 

Figure 3: The dry river bed of the Taylor River at the New Renwick Bridge, 1.5km upstream of the 
confluence with Doctors Creek. 
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2. Geology and Groundwater 
The geology of the Doctors Creek catchment is predominantly a result of sedimentary processes. The 
gravels filling the lower parts of the Doctors Creek area were deposited through a succession of cool 
(glacial) periods followed by warmer (interglacial) periods. During glaciations average air temperatures 
was as low as 10oC. Precipitation usually fell as snow. Snow accumulated and compacted to form 
glaciers and less water flowed into the sea, resulting in the lowering of sea levels. Glacial meltwaters 
transported material eroded by the movement and pulverising action of glaciers towards the sea, 
depositing it as large ‘outwash plains’ which now form the thick layers of sediment in the lower Wairau 
Plain today. The cooler air temperatures during the glaciation periods also caused hill erosion as 
alteration of freezing and thawing weakened rock. Water that seeped into cracks in rock would freeze and 
expand as ice, widening gaps until the rock split. Additionally, plants struggled to grow in the colder 
climate reducing the protective vegetation cover. This would result in the exposure of bare rocks to strong 
winds, which picked up smaller silt and clay particles and deposited them as loess on the surrounding 
hills.  

 

Figure 4: Development of the Geology of the Doctors Creek catchment. 

The material deposited by the glacial meltwaters ranges in size from cobbles to fine clay. So these poorly 
sorted materials consist of larger pieces embedded into a matrix of silt and clay. This results in relatively 
low groundwater yields, as the pores through which the groundwater flows are small, allowing only 
relatively limited amounts of water to pass. Groundwater is mainly flowing in isolated channel-like 
structures consisting of gravels with higher permeability (Figure 7). The Speargrass formation, that 
dominates the surface geology of the lower Doctors Creek catchment is part of the glacial outwash plain, 
that was deposited during the last glaciation period some 20,000 years ago (Otira Glaciation) (Figures 4 
and 5) 

During the warmer, interglacial, periods air temperatures increased, glaciers retreated and sea levels 
rose. During some of these interglacial periods the sea rose higher than levels today and a shallow sea 
covered lower areas of the Wairau Plain, including parts of the Doctors Creek catchment. Remnants of 
this temporary sea cover are layers of fine clay deposits. These marine sediments are nearly 
impermeable for groundwater, resulting in a restriction of groundwater flow. In the Doctors Creek 
catchment, clay sediments from the most recent sea intrusion form the Dillons Point Formation, which is 
forcing groundwater to the surface resulting in the spring-fed system of waterways we see today (Figure 
6). 

When temperatures were slightly lower, the glacial deposits were reworked by the Wairau River in the 
North and the Taylor, Fairhall and Omaka Rivers in the East and West. In the last 7,000 years, these 
rivers have cut into the Speargrass formation and removed the finer silt and clay from the matrix, creating 
a gravel that is more permeable for groundwater. The most permeable gravels were created by the larger 
Wairau River. These are referred to as the ‘Rapaura formation’. Wells tapping into these gravels have the 
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highest groundwater yields in the Doctors Creek catchment. Because the Taylor, Fairhall and Omaka 
rivers have a much smaller flow compared to the Wairau River, they have removed less of the finer 
sediment from the gravels. As a result groundwater yields from wells in these gravels are between those 
of the low-yielding Speargrass formation and the high-yield Rapaura formation. To underline the 
difference to the Rapaura formation created by the Wairau River, the gravels created by the smaller rivers 
are referred to as ‘Southern Fan deposits’ (Figures 4 and 5). 

. 

 

Figure 5: Geology of the wider area around the Doctors Creek catchment. The blue arrows 
indicate direction and rate of groundwater flows. 

 

Figure 6: Cut through the Geology of the lower Wairau Plains from West to East. 

Underneath the Rapaura, Speargrass and Dillons Point formations are older sediments that consist of 
compacted gravels and clay-lenses that originate from a number of earlier glaciation and interglacial 
periods (Figure 6). These gravels are only sporadically water-bearing with low yields. Parts of this older 
sediment extent to the surface at the lower hills in the south of the Doctors Creek catchment (Tophouse 
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and Manuka Formation - Figure 5). At higher elevations the 200 Million year old basement rock of 
sandstone and mudstone, the Pahau terrane, is exposed. 

 

Figure 7: Structure of groundwater flow in the glacial deposits of the Speargrass Formation. 

During the 1997/98 summer drought, shallow wells dried out and explorative drilling found groundwater at 
a depth of around 150m in gravels that are approximately 80,000 years old. This is now referred to as the 
‘Wairau Deep Aquifer’. Average groundwater age is 20,000 years which suggests that groundwater flow 
rates are extremely low. The groundwater is under artesian pressure, which means the water levels in 
wells tapping into this aquifer rise above ground level. The high pressure could lead to a slow upward 
movement resulting in the leaching of this older water into shallower, younger groundwater. However, the 
physical extent of the Deep Wairau Aquifer and connectivity to upper groundwater systems are as yet 
unknown. 

The general direction of groundwater flow in the Doctors Creek area is from the South to the North and 
West to East (Figure 5). The groundwater in the South moves very slowly northwards and is potentially 
quite old.  

The northern part of the Doctors Creek catchment (North of New Renwick Road) can be described as a 
groundwater mixing zone. Groundwater from the south joins groundwater from the Omaka and Fairhall 
Rivers to the west. Further north, groundwater from the Wairau River also flows into the area. The actual 
direction of groundwater flow here depends on the amount of rainfall that has fallen in the area. After long 
dry periods the groundwater flow from the Omaka and Fairhall valleys reduces and more groundwater 
flows in from the Wairau aquifer to the north (dotted arrow in Figure 5). The groundwater flow in the 
Wairau Aquifer (Rapaura Formation) is significantly greater compared to groundwater flow in the areas 
dominated by the Speargrass Formation further to the south. As a result, the amount of groundwater 
inflow into the waterways in the Doctors Creek catchment generally increases in a northerly direction. 
During base-flow conditions in the summer months, most of the water that leaves the Doctors Creek 
catchment at the confluence with the Taylor River originates from the Wairau aquifer. 

A good indicator of groundwater age is the concentrations of dissolved ions in the water. The longer water 
is in the ground, the more ions from the rock through which it is flowing are dissolved into it. One such ion 
is chloride. Higher chloride concentrations usually indicate older water2. Figure 8 shows the chloride 

2 Exceptions are wells close to the coast, for example. 
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concentration in Doctors Creek and its tributaries, as well as in water from wells drawing groundwater 
from different depths. In the surface waters, chloride concentrations are highest in the south and steadily 
decrease in a northerly direction. Chloride concentrations in the shallow wells are similar to 
concentrations in nearby waterways. There are no productive shallow wells south of New Renwick Road. 
Therefore, chloride concentrations can only be measured in deeper wells located around the lower Ben 
Morven Road. These wells range in depth between 30 and 70 meters.  There is a distinct variation in 
chloride concentration in these wells, with very high values in the east and significantly lower values in the 
west. The higher values in the east are reflected in higher chloride concentrations in the eastern tributary 
of Doctors Creek upstream of Ben Morven Road. This means comparatively older water is rising to the 
surface in this area. The two wells located furthest to the east are thought to belong to a very small 
aquifer system that is potentially not connected to other parts of the Doctors Creek catchment [6]. 
Nevertheless, the well located immediately to the east of Doctors Creek is assumed to be part of the 
system that feeds the creek and the chloride concentration of 180 g/m3 is of similar magnitude to the wells 
furthest to the east. The highest chloride concentration that was measured in surface water was 
significantly lower (69.5 g/m3), which suggest dilution from sub-surface flow originating from relatively 
recent rainfall events. 

 

Figure 8: Chloride concentration in surface waters and groundwater in the Doctors Creek 
catchment. Numerical values are shown for the wells only. 

A very deep well located to the west of Fairhall Coop Drain has an average chloride concentration of 
96 g/m3. This is a monitoring well for the Deep Wairau Aquifer, which potentially underlies the entire 
catchment. Surprisingly, chloride concentrations are lower compared to those measured in the shallower 
wells in the south of the catchment. This might indicate the influence of marine sediments on the chloride 
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concentration in the shallower wells. Still, these wells represent groundwater that is potentially quite old 
and makes a significant contribution to the surface flow of Doctors Creek to the south of New Renwick 
Road. 

Specific conductivity3 can also be used as an indicator of groundwater age. The higher the ion 
concentration of groundwater, the higher the conductivity. There is a good correlation between the 
chloride concentration and specific conductivity of samples taken from Doctors Creek (Figure 9). To 
investigate if the change in the age of emerging groundwater is gradual or if older groundwater is rising in 
defined areas, specific conductivity was measured in the Ben Morven Road Drain. The measurements 
were taken after a prolonged period without significant rainfall, when groundwater levels in the area were 
low enough, so that none of the tile drains were adding any water from adjacent vineyards, but the main 
drain was still carrying water for nearly the entire length. Apart from a small surface inflow about half-way, 
any flow increase was due to groundwater inflow through the bed of the drain. The nearly perfectly 
straight morphology and northerly direction made it perfect for the investigation. The specific conductivity 
of other road drains along New Renwick Road and Bells Road was also measured. The results are shown 
in Figure 9. The water furthest south is actually quite young suggesting a dominance of subsurface 
inflows that are remnants of rainfall that had fallen some months earlier. The age of the inflowing 
groundwater increases in a downstream direction, reaching a peak about 400m upstream of the New 
Renwick Road Bridge and decreases again further downstream. The area with the highest conductivity is 
close to an inferred fault [6]. This indicates that older water from the deeper aquifer is entering the 
shallower aquifer in distinct locations, in areas were impermeable layers are damaged, rather than 
through relatively even seepage. 

         

Figure 9: Correlation between Specific Conductivity and Chloride concentrations for samples 
from the Doctors Creek catchment. On the right: Specific Conductivity in road drains along Ben 
Morven Road, Bells Road and New Renwick Road.  

3 Conductivity adjusted to a standard temperature of 25oC. This allows comparison of conductivity values 
independent of water temperature. 
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3. Hydrology 

 

Figure 10: Flow pattern in Doctors Creek during base flow in winter (all channels not grey) and 
summer (dark blue channels only). 

The Doctors Creek catchment typically contributes flows between 0.1 to 1.4 m3/s (100 to 1400 L/s) to the 
Taylor River system. There is a strong seasonal variability, with high winter flows resulting from surface 
run-off in the upper catchment to lower spring-fed summer flows. 

The hills in the south of the Doctors Creek catchment are dominated by small ephemeral streams that 
only flow during short periods after significant rainfall. The waterways in the lower catchment, on the other 
hand, are dominated by groundwater inflow and flow permanently. This is the result of groundwater being 
forced to the surface by an impermeable layer of marine sediments that extend into that area from the 
east (see Section 2). After prolonged periods without significant rainfall, more and more of the waterways 
dry out. During summers, only channels north of New Renwick Road carry water. In very dry summers, as 
the one observed in 2001, all that remains is a short stretch of surface flow emerging at Batty’s Road, 
flowing to the confluence with the Taylor River.  

Gaugings of several sites in the catchment revealed that Doctors Creek is gaining flow along most of its 
flatter topography. From the lower Benmorven Road through to the confluence with the Taylor River the 
flow increases not only as a result of tributaries, but also from groundwater inflow via tile drains and 
through the bed of the creek. The amount of groundwater inflow into Doctors Creek increases significantly 
in a north-east direction. Flows carried by the main tributaries, Golf Course Creek and Fairhall Coop 
Drain, are disproportionate to the area of their surface catchments. Despite a much larger catchment, flow 
in the main stem of Doctors Creek is generally lower than flows in Golf Course Creek and Fairhall Coop 
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Drain at the points where the tributaries join.  During a gauging carried out in February 2013, the flow in 
Fairhall Coop Drain upstream of Doctors Creek was more than four times that of Doctors Creek itself. 
Flow downstream of this confluence further increased by another 30% before joining the Taylor River. 

The waterways of neighbouring catchments, the Taylor, Fairhall and Omaka Rivers, behave quite 
differently. While the mid reaches carry surface water all year round, the water of the lower reaches 
disappears into the river gravels and leaves the catchments as groundwater. The Taylor River, for 
example, is dry at the New Renwick Road Bridge during the summer months as well as dryer periods 
during the rest of the year and only flows after significant rainfall.  

Unfortunately we do not have continuous flow measurements for Doctors Creek, but a large number of 
gaugings were carried out just upstream of the confluence with the Taylor River. The closest continuous 
flow recorder is located on the Taylor River at Borough Weir. However, due to the significant effect 
groundwater inflow has on the hydrology of Doctors Creek, but not the Taylor River, the flows at the two 
sites do not correlate well (Figure 11).  

 

Figure 11: Correlation between the flow in Doctors Creek upstream of the Taylor River and the 
Taylor River at Borough Weir. 

The flow in Doctors Creek does, however, follow the water levels in nearby wells; particularly bore 3010 
to the west of the catchment (Figure 12). The good match with this well also indicates the larger 
contribution of water from the Wairau aquifer in the north to the overall flow in Doctors Creek. 

The large influence of groundwater inflow makes Doctors Creek susceptible to the effects of groundwater 
abstraction in relatively close proximity to the waterway.  Pumping of nearby wells reduces the flow in 
Doctors Creek by either lowering the groundwater level around the well or by direct abstraction from 
surface water into the bore.  A loss of up to 10 L/s from the flow in Doctors Creek has been observed 
during water abstractions from adjacent bores [35]. The sensitivity of the flow in Doctors Creek to 
groundwater abstraction increases from Bells Road towards the east, but fortunately the number of wells 
and the amount of water abstracted decreases in this direction also. In order to retain sufficient flow for 
the protection of ecological values, a trigger level of 150 L/s upstream of the Taylor River was put in 
place. At flows below this trigger level, pumping of most wells in the area has to be stopped. However, 
this excludes the extraction of water for domestic use and the supply of stock water. As a result of 
resource consent hearing conditions, some other water takes are also excluded. 
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Figure 12: Flow in Doctors Creek upstream of the Taylor River compared to groundwater levels 
measured in nearby wells. 

 

Figure 13: Results from flow gaugings in the northern part of the Doctors Creek catchment.  
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4. Soils 
Soils are an important buffer from the effects of land use on surface and groundwater quality, because of 
their ability to capture and store nutrients such as phosphorus and nitrogen, as well as pathogens and 
other contaminants. 

Soils of the Paynter series cover most of the low lying areas in the Doctors Creek catchment (Figure 15). 
These clay-rich soils are often associated with shallow groundwater, which limits root depth and makes 
soil prone to compaction by animals and vehicles (see structural vulnerability - Figure 15). The very high 
clay content is responsible for excessive water retention, low aeration and lower soil temperatures. To 
optimize agricultural potential, an extensive network of surface and sub-surface drainage channels has 
been installed in most of the low lying areas. Soils above artificial drains often exhibit cracks, which allow 
water to move quickly through the soil into the underground drainage system [36]. This reduces the 
contact of infiltration water with the soil, which in turn minimizes the ability of the soil to absorb nutrients 
and other contaminants. The sub-surface drains discharge directly into Doctors Creek and its tributaries. 
This means that during irrigation or rainfall, nitrate and other contaminants applied to the surrounding land 
as fertilizer as well as animal dung enter the waterways with potentially very little soil filtration.  

 

Figure 14: Profile of a Paynter soil. 

Soils of the Renwick series are the second largest soil type in the lower Doctors Creek catchment. These 
soils have a naturally high nitrogen leaching potential (Figure 15). Renwick soils are generally well 
drained, but shallow. 

The more elevated areas of the Doctors Creek catchment are dominated by soils of the Wither series. 
These soils developed from the loess covering the hills of the southern valleys. A dense subsurface layer 
of hard soil, referred to as ‘fragipan’, restricts water infiltration and root depth. Although there is generally 
only a moderate risk for erosion of this soil type, on slopes the risk is increased, which can result in 
significant removal of soil by rainwater. In an erosion study carried out in 1985/86 ‘Wither Hill 15DH’ soil 
had some of the highest density of erosion features of the more than 30 soil types monitored [34]. Tunnel 
and gully erosion can frequently be seen on the hills of the upper Doctors Creek catchment (Figure 16). 
Soil carried into waterways by rainwater reduces the water clarity during rainfall events and results in the 
accumulation of fine sediment on the stream bed. This affects the survival of aquatic animals and the very 
fine sediments are easily moved back into the water column by wind or wildfowl, causing a reduction in 
water clarity during low flows.Fine sediment is also a potential source of phosphorus. 
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Figure 15: Top: Soil types (i.e. Gley) with soil series (i.e. Renwick) in the lower Doctors Creek 
catchment; bottom: Soil properties that might affect water quality in Doctors Creek (based on 
SMap [25]). 
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Figure 16: Arial photograph showing extensive erosion of an area with Wither-Hill-15DH soil in the 
upper Doctors Creek catchment. 

Brancott soils can be found in the catchment of Fairhall School Creek, which is one of the smaller 
tributaries of Doctors Creek. These soils are relatively deep and have a high base saturation, which 
makes them resistant to acidification. Like the Wither soils, a fragipan is limiting rooting depth. Brancott 
soils have a very low nitrogen leaching potential, but the limited ability to retain phosphorus can lead to an 
increased risk of phosphorus leaching when waste water or fertilizers are applied at a high rate. 

A number of soils in the region are monitored on a regular basis as part of the State of the Environment 
Soil Quality Monitoring program. Since 2000 soil samples have been collected from an increasing number 
of sites and sites re-sampled every five to seven years. The objective of the program is to assess soil 
health and detect trends or changes in soil conditions. Five of the monitoring sites are located in the lower 
Doctors Creek catchment (Table 1). The samples are analysed for a range of soil chemical, biological and 
physical parameters. Table 2 shows the results for samples taken in 2000, 2007 and 2012 for sites in the 
Doctors Creek catchment. Also shown is the target range for individual parameters based on Hill and 
Sparling (2009) [22] and Taylor (2011) [44]. These were the guidelines used in the assessment of results 
in the recent Soil State of the Environment reporting [14]. 

 

Table 1: Soil Quality State of the Environment sites located in the lower Doctors Creek catchment. 
The location of the sites is shown in Figure 15. 
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Table 2: Results for samples taken in the years 2000, 2007 and 2012 for the sites located in the 
lower Doctors Creek catchment. Also shown are the target ranges for the individual parameters. 
(**Target Ranges depend on soil type and/or land use) 

Values for soil pH were within the acceptable range for the respective land uses for all samples taken. 
The lowest pH value was measured for the dryland pasture soil at site MDC-5, which was below the 
optimal range for pasture growth (5.8 – 6.2) [40] in 2000 and remained close to the lower optimum in later 
years. About half of all pasture sites monitored between 2007 and 2012 in Marlborough had pH values 
outside the optimal range [14]. 

The amount of nitrogen in soil is closely linked with the total carbon content. Total soil carbon is a good 
measure for the amount of organic matter in a soil and more than 90% of the total soil nitrogen is usually 
bound in this organic matter. As was observed for other soils under cropping in Marlborough, site MDC-5 
had a very low carbon content, with values consistently below the target range [14]. Subsequently, this 
site also had some of the lowest total nitrogen content of the sites in the catchment. Another site with 
relatively low carbon content is MDC-8. The soil at this site is a Gley soil and total carbon measurements 
were consistently below the target range for this soil type.  
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Site MDC-9, a Gley soil under pasture, had some of the highest values for total carbon and total nitrogen. 
Very high nitrogen content in soils can result in increased nitrate loss to groundwater, however, 
measurements for MDC-9 are still well below the upper target limit. Additionally, many other factors 
influence the amount of nitrogen leached from a soil. These include the carbon to nitrogen ratio of the soil 
and physical soil conditions, such as soil depth, soil texture and stoniness. 

The other main plant nutrient, phosphorus, is measured in soils as Olsen P, which provides an estimate 
for the phosphorus available to pasture or crops. More than half of the drystock pasture sites, as well as 
some dairy and cropping sites in Marlborough had Olsen P concentrations below the target range in 
samples taken between 2007 and 2012 [14]. In the Doctors Creek catchment, none of the sites had 
Olsen P levels below the target range; instead three of the five sites monitored had at least one sample 
with Olsen P levels above the upper target limit. One of the pasture soils (MDC-9) had Olsen P 
concentrations significantly above recommended concentrations in all of the samples taken. However, the 
soil at this site is of the clay-rich Paynter series which is not prone to phosphorus leachate.  

Two of the physical soil characteristics measured as part of the Soil Quality State of the Environment 
program are bulk density and macroporosity. Low bulk density can indicate an increased risk of erosion; 
high values are a sign for soil compaction. Low macroporosity is an additional indicator for compaction. 
Compacted soil has fewer large pores, as the macro pores are usually the first pores to be lost. Soils with 
reduced pore volume have a limited supply of air to plant roots and reduced water infiltration. Instead of 
infiltrating into the soil, rain and irrigation water predominantly flows across the land surface into nearby 
waterways. This run-off picks up soil and contaminants like animal droppings and phosphorus, washing 
them into the streams, affecting water quality and the in-stream habitat for aquatic life. The only sample 
from the Doctors Creek catchment with a bulk density above the target range was taken in 2012 from a 
cropping site, MDC-5. A number of other cropping sites in Marlborough also exceeded the target limit 
[14]. Nationally, arable cropping and horticultural soils record the highest bulk densities when compared 
with other land uses [41].  

Results of macroporosity show that nearly all of the sites had lost large pores to some compaction. The 
only site with macroporosity consistently above the lower limit was MDC-6, a dryland pasture site and the 
only site that is not irrigated. Soils are particularly prone to compaction when moist, which might explain 
the higher soil compaction at the other sites. 

None of the sites in the Doctors Creek catchment had bulk densities below the target range or 
macroporosities above the upper limit. 

 

Figure 17: Compacted soil with low Total Carbon content under cropping at site MDC-5.  
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Trace Metals are also monitored as part of the Soil Quality State of the Environment program. While 
some trace metals are required for plant growth in very small quantities, others have no beneficial effects. 
These include arsenic and cadmium. At very high concentrations all trace metals can have a negative 
effect on soil fauna and plant growth and if carried into a water way via soil erosion, trace metals can also 
affect aquatic life.  

Table 3 shows the trace metal concentrations for the sites in the Doctors Creek catchment. None of the 
samples taken from these sites had levels above the limits suggested by the New Zealand Water and 
Waste Association [34].  

 

Table 3: Concentrations of Trace Metals in samples taken as part of the Soil State of the 
Environment program in 2000, 2007 and 2012 for sites located in the lower Doctors Creek 
catchment.  

Another common pressure on Marlborough’s soils is the application of winery waste water. The wine 
industry is a major contributor to the economy and a large proportion of the lower Doctors Creek 
catchment has been planted in vines. A by-product of the wine making process is winery waste water. 
Gabzdylova et al. (2009) [11] estimated that in New Zealand, for every litre of wine produced, 
approximately ten times the amount of wastewater is generated. In Marlborough the application of this 
wastewater to land is the preferred option of disposal. 

A technical report published by the Marlborough District Council in January 2012 investigated the impact 
of winery wastewater on soils in the region [13]. Twentyseven sites were sampled; one of these was 
located in the Doctors Creek catchment. At each site several soil samples were taken from areas irrigated 
with winery wastewater, but also from a nearby area not subject to winery wastewater irrigation – the 
‘control’. Table 4 shows the results for the site in the Doctors Creek catchment compared to the control 
site and the regional means.  
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Table 4: Results for soil samples (0 - 7.5cm) taken from a site of winery waste water application in 
the Doctors Creek catchment. Also shown are the result for a soil sample taken from a nearby 
control site and the regional mean (average) for all sites subject to winery waster application 
sampled as part of the survey. 

As was the case for most sites receiving winery waste water, potassium and sodium concentrations were 
mostly higher compared to the local control site. Potassium concentrations were particularly elevated, but 
were still well below the regional mean. Both, sodium and potassium originate from cleaning products 
used in the winery, but additional potassium originates from grape lee and spent grape juice. When 
winery waste water is applied to soil, magnesium and calcium ions in the soil are replaced with sodium 
and potassium ions from the waste water. This can result in the reduction of water and air movement into 
the soil as the soil particles become less stable and release small clay particles that clog the soil pores 
[23]. 

Although winery wastewater application resulted in an Olsen P increase for the Doctors Creek site, this 
was not observed at other sites in the region. However, Olsen P concentrations are still relatively low 
compared to some of the pasture sites mentioned earlier. 
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5. Land cover  

 

Figure 18: Original stream channels and stream diversions in the lower Doctors Creek catchment 
[32]. 

 

Figure 19: Landuse in 1988 (left) and 2013 (right) in the lower Doctors Creek catchment. 

Before human settlement, a large area of the lower Doctors Creek catchment was covered in an 
extensive swamp. The wetland was dominated by Flax, Raupo, Toitoi and Cabbage trees with patches of 
Kahikatea, Pukatea and Swamp Maire. On the hills, dryland forest mixed with shrubs and tussock 
grassland was growing in sunny areas, while gullies and stream margins were covered in Tree Brooms, 
Kowhai, Maitai and Totara [33]. 
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Maori and European settlers set fire to the original forests. In order to provide land for settlement and 
primary production, the wetland was drained before the 1930’s. Today none of the original native 
vegetation cover remains. 

The channel of Doctors creek was considerably modified over the last 120 years, with many of the 
waterways now having unnaturally high and steep banks. The Omaka River and Fairhall River, that once 
flowed into the wetland were diverted to the north into the Opawa River (Figure 18). Extensive networks 
of surface and sub-surface drains were built to lower groundwater levels and prevent flooding.  

In the 1980’s most of the land in the lower Doctors Creek catchment was used as pasture for sheep and 
beef mixed with cropping and a relatively large area along Bells Road and the upper Benmorven Road 
included dairy pasture. Small orchards could also be found (Figure 19- left). This has changed 
significantly over the last two decades. Although the low intensity pastures of the hills in the south 
remained, the landuse in the low lying areas is now very different. By 2013, the majority of the lower 
catchment had been converted into vineyard and further conversions for some of the remaining pastures 
is planned (Figure 19). 

 

Figure 20: The Fairhall Coop Drain is the largest of the artificial drainage channels constructed in 
order to lower the groundwater level. 
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6. Water Quality 
The degraded water quality of Doctors Creek at the confluence with the Taylor River was the main reason 
for the funding of this report. 

Over sixty sites were sampled as part of the investigation into the water quality of Doctors Creek in 2013 
and 2014. The number of samples taken at each site varies from one to more than ten. Sites that were 
sampled nearly every time are referred to as ‘Core Sites’. The following sections present the results of 
this sampling.  

Often results were quite different in the drier summer months compared to observations in winter. For this 
reason measurements are presented separately for the two seasons4. Results are generally shown in the 
form of maps based on the results from all sites and as graphs showing results for the core sites only5. 
Results from earlier studies and the State of the Environment program are also included.  

  

Figure 21: The sites sampled as part of the 2013/2014 investigation for this report.  

4 ‘winter’ = July – September, ‘summer’ = December - April 
5 The actual numerical results of the sampling can be obtained on request from the Marlborough District 
Council 

MDC Technical Report No: 15-001  21 

                                                        



Taylor River Catchment Characterisation - Doctors Creek 

6.1. Nitrate 
Nitrate, ammonical nitrogen and nitrite are the forms of nitrogen that are easily taken up by 
plants. They are collectively referred to as ‘Soluble Inorganic Nitrogen’. In surface water and 
shallow groundwater most of the Soluble Inorganic Nitrogen is in the form of nitrate.  

Any nitrogen in animal waste or nitrogen fertilizer applied to land that is not taken up by the 
vegetation is potentially carried into groundwater by rainfall or irrigation water. Very high nitrate 
concentrations (> 11.3 g/m3) can make groundwater unsafe for human consumption as nitrate 
interferes with oxygen transport in the blood of very young children (‘Blue-Baby-Syndrome’). In 
waterways, high nitrate concentrations can be toxic to some aquatic animals, including fish and 
koura (freshwater crayfish). The limit of 1.5 g/m3 for nitrate in the National Policy Statement for 
Freshwater Management 2014 is based on this toxicity. 

At lower concentrations nitrate and the other forms of Soluble Inorganic Nitrogen can cause 
nuisance algae growth on the stream bed. This is not only visually unpleasing, but it can also 
cause a reduction of biodiversity as the algae smother available habitat for many aquatic insects 
which in turn are food for fish. The guideline of 0.165 g/m3 for Soluble Inorganic Nitrogen used in 
this chapter is based on this effect and is the guideline value used for State of the Environment 
reporting [3, 18]. Because more than 96% of the Soluble Inorganic Nitrogen in Doctors Creek is 
in the form of nitrate, in this report the same guideline is applied to nitrate-nitrogen 
concentrations. 

Figure 22 shows the Soluble Inorganic Nitrogen results from monthly sampling of Doctors Creek carried 
out as part of the State of the Environment program. Nitrate concentrations were particularly high in 2010. 
Samples taken in 2010 and early 2011 also had comparatively high nitrite concentrations. Usually nitrite 
is very quickly converted into nitrate, which means high nitrite concentrations are an indication of a direct 
input of organic matter, urea fertilizer or effluent close to the sampling point. It is unclear what caused the 
high nitrite and nitrate concentration. Although very high rainfall in mid-2010 might have resulted in 
increased run-off from the surrounding land surface, it does not explain similar nitrate and nitrite 
concentration earlier that year. Concentrations have since reduced significantly. Particularly nitrite has 
been barely detectable in samples taken since mid-2011.  

Trend analysis using the seasonal Kendall trend test show that nitrate concentrations have significantly 
decreased since monitoring began in 2009. Since 2012 nitrate concentrations have been below the value 
toxic to aquatic life. Nevertheless, current values are still well above the guideline for nuisance algae 
growth.  

Consistently elevated concentrations suggest nitrate leachate into groundwater and subsurface water 
rather than direct inputs as the main source. This is common for spring fed streams in Marlborough, 
including Murphys Creek, Spring Creek and Mill Creek. Different land uses cause varying amounts of 
nitrate leaching into groundwater. A report by Environment Canterbury estimated that nitrate leaching was 
highest for dairy and beef farms, followed by cropping. Sheep and deer farms leached comparatively low 
amounts of nitrate [24]. Depending on stocking rate and soil type, between 9.0 and 132.4 kilograms of 
nitrogen per hectare is leached from dairy farms per year, compared to 2.3 – 5.2 kilograms of nitrogen per 
year and hectare on dryland sheep farms. Measurements of nitrate leaching under a vineyard in 
Marlborough showed that less than 4 kilograms of nitrate per hectare were lost to groundwater for this 
type of land use [15]. 
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Figure 22: Soluble Inorganic Nitrogen concentration in monthly samples taken from Doctors 
Creek upstream of the Taylor River. Shown are the contributions of the three main forms of 
Soluble Inorganic Nitrogen to the overall concentration. The graph below shows the monthly 
rainfall recorded in Blenheim for the same time period. 

A large proportion of the area of the Doctors Creek catchment has been converted from dairy and mixed 
beef/sheep/cropping farms into vineyards. This would have resulted in a significant reduction of nitrate 
loss to groundwater over the years and is the likely cause for the reduction in nitrate concentrations 
observed in Doctors Creek. As groundwater is not bound by the boundaries of surface catchments, some 
of the water flowing in Doctors Creek originates from areas to the west and north, and water quality is 
therefore also influenced by land use activities outside the catchment. However, the conversion of 
pasture into vineyards has been widespread in the whole of the Wairau Plain. The exact age of the 
groundwater emerging in Doctors Creek and its tributaries is unknown and it is therefore difficult to predict 
and manage nitrate concentrations in the waterway. Nevertheless, the low nitrate losses measured under 
vineyards suggest nitrate concentrations in Doctors Creek are likely to further reduce over time. 

Nitrate concentrations in Doctors Creek show a distinct seasonal pattern of lower concentrations in 
summer compared to the winter months. This is common for most waterways. Warmer temperatures and 
longer days result in more vigorous growth of aquatic plants, which remove nitrate from the water column 
to incorporate it into their biomass. Terrestrial plants also take up more nutrients during the warmer 
months and less nitrate is lost into the shallow groundwater and subsequently the spring-fed streams.  

Lower concentrations during the summer months were also observed in the investigative sampling carried 
out in 2013 and 2014 (Figures 23 and 24), but the lowest concentrations were observed in the upper 
reaches of the catchment (south of New Renwick Road) in the winter. The waterways in this area are fed 
by groundwater that is potentially very old. Most of the rainfall that produced this groundwater fell at a 
time before intensive agriculture was established in the area. Occasional higher concentrations of nitrate 
here are most likely a result of direct input from wildfowl as well as cattle or sheep. 

 

MDC Technical Report No: 15-001  23 



Taylor River Catchment Characterisation - Doctors Creek 

 

Figure 23: Nitrate concentrations in the Lower Doctors Creek catchment based on measurements 
taken in winter 2014 and summer 2013/14. Also shown is the land use at the time. 
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Figure 24: The individual Nitrate-Nitrogen concentrations measured at the core sites of the 
2013/214 investigation.  

Nitrate concentrations are substantially higher in Golf Course Creek, Fairhall Coop Drain and Yelverton 
Stream, but the highest values were observed in some of the smaller drains around New Renwick Road 
and lower Bells Road. Water from shallow wells had similar nitrate concentrations to drains in the same 
part of the catchment. This further strengthens the theory that most nitrate originates from groundwater 
inflow. The stretch of Doctors Creek between Golf Course Creek and Fairhall Coop Drain is one of the 
few parts of the waterway where an increase in nitrate concentrations is not the result of groundwater 
influences. Instead direct inputs in the form of cattle excrements are the most likely reason, as this is one 
of the few areas were cattle have direct access to the waterway. Slight increases of nitrate levels 

MDC Technical Report No: 15-001  25 



Taylor River Catchment Characterisation - Doctors Creek 

observed around Battys Road are potentially also traceable to the impact of cattle grazing. Although the 
animals have no direct access to the waterway, small surface seeps that originate on some of the 
paddocks might carry nitrate from faecal matter into the main channel.  

Nevertheless, apart from these direct inputs in the form of animal faeces, the majority of nitrate found in 
Doctors Creek originates from groundwater inflows. The high nitrate concentrations in water emerging in 
Golf Course Creek, Fairhall Coop Drain and Yelverton Stream have a significant effect on the water 
quality of Doctors Creek, as these tributaries provide the majority of the flow to the system. A possible 
source for the high nitrate levels in the groundwater might be leachate from localised land uses. 
Paddocks located to the east of the golf course are the only areas in the catchment that have winery 
waste water applied to them. However, the area affected by elevated nitrate concentrations is 
considerably larger than this localised influence would suggest. Further to the north, the remaining 
cropping mixed with beef pasture is likely to have an effect on the nitrate concentrations in the Fairhall 
Coop Drain and possibly Yelverton Stream. Most of the area is to be converted into vineyard. A repeat of 
the monitoring done as part of this study in the future would show the effects of that land use change.  

An earlier investigation of Nitrate concentrations in wells located in the Fairhall River catchment (Brancott 
Valley), west of Doctors Creek revealed very high nitrate level in shallow groundwater (Figure 25). The 
investigation was carried out in 2000 and unfortunately none of the wells have been monitored recently. 
There are no long term records of nitrate concentrations in shallow wells for the Fairhall River catchment 
or the Doctors Creek catchment. Well 0662 located to the north, close to Middle Renwick Road, has been 
monitored for a number of years (Figure 25, Figure 26).  The well is likely to represents a groundwater 
source with a greater link to the Wairau aquifer, but measurements can still provide an indication of the 
changes in nitrate concentrations in shallow aquifers of the area over time. It appears that nitrate levels 
have dropped in recent years, particularly since 2011. This is also consistent with observations in Doctors 
Creek (Figure 22). Thus, it is likely that concentrations in the shallow wells in the Brancott Valley have 
decreased also. However, in 2000 nitrate concentrations in well 0662 were significantly lower than those 
in the shallow Brancott aquifer. It can, therefore, be assumed that nitrate levels in the Brancott aquifer are 
still quite high. 

 

Figure 25: Nitrate concentration measured in the Fairhall River catchment in 2000 and in the 
Doctors Creek catchment in 2014. 
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Figure 26: Nitrate concentration in well 0662. Early measurements were only carried out in winter; 
hence values for the winter months are highlighted to allow easier comparison. 

Based on the information above, it is apparent that a significant amount of the nitrate in Doctors Creek 
originates from areas outside of the catchment, located to the west. Although it is likely that nitrate 
concentrations will continue to decline, further investigation into age and origin of the groundwater 
emerging around New Renwick Road and further north would allow a better understanding of the 
sources. This in turn would permit more effective management of the surface water quality in Doctors 
Creek. 
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6.2. Dissolved Reactive Phosphorus (DRP) 
Dissolved Reactive Phosphorus (DRP) is a measure for the amount of phosphorus in the water 
column that can easily be taken up by plants. Together with elevated nitrate concentrations, high 
levels of DRP can result in excessive growth of algae. These algae can smother the stream bed, 
which results in the reduction of habitat for fish and aquatic insects. Excessive algae cover also 
impacts on the amenity and recreational values of a waterway. 

DRP concentrations are usually significantly lower than nitrate concentrations, as phosphorus is 
easily absorbed onto soil particles. It is therefore less mobile than nitrate. Leaching of 
phosphorus does, however, occur if the soil becomes saturated with phosphorus due to frequent 
application of phosphorus fertilizer. This has been observed under cropping in some parts of New 
Zealand [27]. 

The guideline of 0.015 g/m3 used in this report is based on limits set by Biggs (2000) to prevent 
nuisance algae growth in rivers and streams [3]. This is also the guideline used for the State of 
the Environment reporting. 

State of the Environment and other monitoring of DRP in Doctors Creek upstream of the Taylor River 
shows, that concentrations have not changed significantly since the late 1980s (Figure 27). The majority 
of samples taken at this site had DRP levels above the guideline. There is a weak seasonal pattern of 
higher concentrations during winter, but it is not as pronounced as for nitrate concentrations. During the 
investigations carried out in 2013 and 2014, the DRP concentrations at the site were actually slightly 
higher during summer compared to levels during the winter months. 

 

Figure 27: Dissolved Reactive Phosphorus concentrations in Doctors Creek upstream of the 
Taylor River. 
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DRP concentrations in Doctors Creek are more than 10 times lower than nitrate concentrations. This 
reflects the lower concentrations in the sources (i.e. fertilizer, animal droppings), but also the fact that 
phosphorus is less mobile in the environment as it binds to the soil more readily than nitrate. The 
difference in binding properties also explains why DRP concentrations are generally not very well 
correlated to nitrate concentrations (Figure 28). 

 

Figure 28: Correlations between Dissolved Reactive Phosphorus concentrations and Nitrate-
Nitrogen concentrations in Doctors Creek upstream of the Taylor River. 

During the winter months in 2013, the highest DRP concentrations were observed in some smaller 
tributaries and the western parts of Golf Course Creek, where groundwater begins to emerge (Figure 30). 
This suggests groundwater is the main source of DRP. The influence of groundwater is reflected in similar 
DRP concentrations in shallow wells and nearby waterways. Most of the highest concentrations occur 
around the same areas where very high nitrate concentrations are found. This is not surprising, as the 
sources of DRP are similar to those for nitrate. This, however, is the only similarity with the distribution of 
nitrate levels across the catchment. DRP concentrations in Doctors Creek steadily increase from the 
south to the north until the New Renwick Road Bridge (Figure 30 and Figure 31). In this part of the creek 
the surrounding land use is dominated by vineyard, which is commonly grazed by sheep during the winter 
months. While the animals would rarely enter the water, they could frequently be seen along the banks of 
the creek. In some parts, the stream banks were devoid of any vegetation, a result of intentional removal 
by spraying combined with trampling by sheep. When the sheep moved down the steep banks in order to 
take a drink, their sharp hoofs would occasionally shift soil into the waterway. This resulted in the partial 
release of phosphorus from the soil into the water. The good correlation between DRP concentrations 
and turbidity for samples taken in winter indicates this to be a major source of DRP during the colder 
months (Figure 29). 

    

Figure 29: Left: Correlations between DRP concentrations and turbidity in Doctors Creek 
upstream of the Taylor River for the winter months (There was no clear correlation for samples 
taken during the summer). Right: Sheep grazing and bare stream banks on a vineyard.  
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Figure 30: DRP concentrations in the Lower Doctors Creek catchment based on measurements 
taken in winter 2014 and summer 2013/14. Also shown is the land use at the time. 
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Figure 31: Dissolved Reactive Phosphorus concentrations at core sites of the 2013/14 
investigation. 

DRP levels in Fairhall Coop Drain are comparatively low and similar to those in Yelverton Stream. Most 
samples from these tributaries had DRP concentration only slightly above the guideline value. DRP 
concentrations in the Tayor River upstream of Doctors Creek were below the guideline in winter, but 
slightly higher in summer. 

During very low summer flows, DRP concentrations were extremely high in some of the areas where 
water would first emerge. Examples are Doctors Creek at New Renwick Road and some samples taken 
from Yelverton Stream at Battys Road. A possible explanation might be the release of additional 
phosphorus from sediment. The shallow pool-like areas were chocked with aquatic weeds often 
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overgrown by algae. While this abundance of aquatic plants is oxygenating the upper layers of the water 
column, water close to the creek bed is potentially oxygen depleted. The dense cover of aquatic plants 
means that very little light reaches the lower parts of the water column which means oxygen input via 
photosynthesis is minimized. The slow flow results in a lack of turbulence and consequently, a lack of 
mixing of the upper, oxygenated water column with water close to the stream bed. At the same time 
oxygen is constantly removed via respiration by aquatic plants and by microorganisms decomposing 
dead plant material. Additionally, the groundwater that rises to the surface in these areas is already 
comparatively low in oxygen. The result is very low oxygen concentrations in the water immediately 
above the stream bed. During these conditions fine sediment deposited on the bed can release 
phosphorus into the water column. This is a phenomenon commonly observed for lake sediments during 
summer stagnation when mixing of the water in some lakes is restricted to the upper water columns, 
resulting in anoxic conditions in the deeper water. 

The same mechanism might also be responsible for some of the very high DRP concentrations observed 
in Golf Course Creek during summer. 

 

Figure 32: Doctors Creek at the New Renwick Road Bridge in March 2014 at very low flows. The 
water is nearly stagnant and a dense cover of aquatic weed is growing on the stream bed. 
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6.3. E.coli 
E.coli are bacteria found in the gut of warm-blooded animals and humans. Most E. coli strains are 
not harmful to human health, but their presence indicates contamination with faecal matter, which 
might contain harmful organisms like Campylobacter or Cryptosporidium. 

The main source of faecal contamination in rural areas is stock access to water ways. Particularly 
cattle have a high affinity to water. Additionally, animal droppings on land adjacent to a waterway 
can be washed into the stream or river during rainfall. This can result in very high E. coli 
concentrations, particularly after long dry periods. For this reason, it is not recommended to swim 
in rivers for at least 72 hours after rainfall. 

In residential areas, leaking effluent systems are the most likely source of high E. coli 
concentrations. Malfunctioning systems or broken pipes can release large numbers of pathogens 
into the surrounding soil. Microbiological and absorption processes in the soil are very effective in 
removing these pathogens, but if the rate of effluent release exceeds the treatment capacity of 
the soil, pathogens are potentially released into nearby waterways and shallow groundwater. In 
some residential areas dog droppings are an additional source of faecal contamination. 

Large numbers of wildfowl (i.e. ducks, seagulls and Pukekos) can also cause high E. coli 
concentrations, particularly if flows are low.  

If exposed to air and sunlight, E. coli die quickly, but when attached to moist sediment and soil 
they can survive for a long time period. This is an issue if thick layers of fine sediment are 
covering stream beds. These sediments can act as a continued source of contamination long 
after the original source has been removed. 

The E. coli guideline of 550 E.coli/100mL used in this document is based on guidelines for water 
quality of recreational waters released by the Ministry for the Environment and the Ministry for 
Health in 2003 [29].  

Figure 33 shows E. coli concentrations in Doctors Creek just upstream of the Taylor River confluence. 
From mid-2009 until mid-2010 concentrations appear to have been slightly lower, however, the large 
gaps in the record make the assessment of possible patterns difficult. In recent years E. coli 
concentrations have been similar to levels measured in the late 1990s. This indicates that there has been 
no significant change in E. coli concentrations over the last two decades.  

 

 
Figure 33: E. coli concentration in Doctors Creek upstream of the Taylor River. 
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Figure 34: E. coli concentrations in the Lower Doctors Creek catchment based on measurements 
taken in winter 2013 and summer 2013/14. Also shown is the land use at the time. 
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There appears to be no seasonal pattern. Concentrations vary substantially throughout the year and 
levels above the guideline occur during low flow periods as well as during rainfall events. 

During the investigation carried out as part of this report, concentrations were generally higher in summer 
compared to the cooler months (Figure 34). During the warmer months, the lower flows resulted in 
reduced dilution of inputs and consequently higher concentrations. Samples were taken during base flow 
only, making this pattern more visible compared to State of the Environment sampling that is carried out 
independent of flow conditions. Only Golf Course Creek had generally higher levels in winter compared to 
the summer months. In winter, the creek emerges in paddocks on which cattle have access to the 
waterway. In summer these upper reaches dry out and the Golf Course Creek emerges further 
downstream in an area dominated by vineyards. A very high E. coli concentration in a sample taken from 
Golf Course Creek at Bells Road at the end of summer, is likely the result of wildfowl activity upstream 
and very low flows. 

E. coli concentrations were generally low in the upper reaches of Doctors Creek, the smaller drains and in 
the Taylor River. Fairhall Coop Drain also had comparatively low E. coli concentrations, but levels were 
slightly elevated in summer.  

Throughout the year E. coli concentrations were comparatively high in Doctors Creek upstream of the 
confluence with Fairhall Coop Drain. The paddocks in this area are grazed by a small number of cattle 
(30-40) and a larger number of sheep. This is also one of the few areas where cattle have access to the 
waterway throughout the year. Despite a comparatively low stocking rate for cattle, the animals were 
frequently seen in and around the creek (Figure 35).  

 

Figure 35: Cattle aggregating in and around the channel of Doctors Creek upstream of the 
confluence with Fairhall Coop Drain. 

In summer, E.coli concentrations remain high downstream of the Fairhall Coop Drain confluence and only 
decrease significantly east of Battys Road, probably as a result of dilution from increased groundwater 
inflow in this area. Despite additional inputs from Yelverton Stream, the concentration in Doctors Creek 
further reduces downstream. An earlier investigations carried out in the summer of 2012/13 showed that 
dilution and die-off of E. coli also continues after Doctors Creek flows into the Taylor River. Nevertheless, 
the consistently high E. coli concentrations in Yelverton Stream were further investigated and three 
distinct sources were identified. One source appears to be located in the upper Yelverton Stream 
upstream of David Street and two more sources in Camerons Creek. Microbial Source Tracking showed 
that the source in Yelverton Stream and at least one in Camerons Creek are of human origin. At the time 
this report was written, most of Yelverton Stream and Camerons Creek had dried out, which made it 
impossible to further narrow down the exact location of the contamination. As soon as surface flow 
returns, efforts to eliminate these sources will continue. 
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Figure 36 shows results from the investigation in 2013/14 and previous studies. E.coli concentrations 
observed in earlier studies were of similar magnitude as those found in 2013/14. 

 

 

Figure 36: The individual E. coli concentrations measured at the core sites of the 2013/214 
investigation and earlier studies. 

Although most of Doctors Creek is not used for recreational activities, the creek provides most of the flow 
to the Taylor River, which has a high recreational value for most residents of Blenheim. Occasionally, 
children are seen playing in the water at the confluence with the Taylor River. For this reason removal of 
the sources of faecal contamination is desirable. The human sources in Yelverton Stream will be 
investigated and eliminated once flows increase. Nonetheless, this is unlikely to be sufficient to decrease 
faecal contamination in Doctors Creek to an acceptable level, as the flow contribution of Yelverton Stream 
is relatively small.  
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For areas upstream of Battys Road, microbial source tracking showed wildfowl sources in all samples and 
ruminant sources in all but Golf Course Creek6 samples as the main contributors to faecal contamination. 
While wildfowl, like Pukekos, are a natural source and difficult to control, fencing off cattle, particularly in 
the area of Doctors Creek upstream of Fairhall Coop Drain is likely to improve water quality. When 
fencing waterways, it is vital to also include tributaries and emerging springs. Wet areas in close proximity 
to Doctors Creek are the possible reason for the increasing E. coli concentrations that were observed 
around Battys Road. Cattle grazing on the northern banks of the creek are fenced off, but a number of 
small seepage areas on the paddocks potentially carry polluted water into Doctors Creek. 

 

Figure 37: A small drain on a paddock grazed by beef cattle and sheep. 

6 Sampled during low flows. 
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6.4. Turbidity and Sediment 
Turbidity is a measure for the water clarity. Measurements are obtained using a sensor which 
emits light and measures the scattering of that light by particles suspended in the water column. 
Turbidity measurements are expressed in Nephelometric Turbidity Units (NTU). 

Naturally, high turbidity is primarily caused by fine sediment that enters the water way from 
surrounding land surfaces, either in the form of slips or removed from stream and river banks due 
to the erosive action of flowing water. Removal of vegetation along the edges of water ways can 
significantly increase erosion of the banks. A lack of dense vegetation on adjacent land surfaces 
can result in high sediment input during rainstorms. Heavy animals can also cause damage to 
stream banks, generating increased bank erosion. Another source of increased turbidity are 
construction works in and around streams and rivers when water is still flowing in the channel. 

Prolonged periods of high turbidity have a negative effect on aquatic life. Many fish are visual 
feeders, which means they need to see their prey in order to feed. Extremely high concentrations 
of fine sediment in the water column can also cause abrasive injuries to aquatic animals and 
potentially lead to a premature death.  

Once sediment has entered the water, it will be deposited onto the stream bed if water velocities 
are relatively low. Large amounts of fine sediment can smother the stream bed and reduce 
quality and availability of habitat for aquatic insects, which are the main food source for fish. 
Additionally, fine sediment cover decreases the amount of suitable spawning habitat for fish. 

Apart from ecological effects, high turbidity also affects the aesthetic value of water ways. The 
guideline of 5.6 NTU used for this report is the trigger level for lowland rivers suggested by the 
ANZEEC 2000 Guidelines based on recreational and amenity values [1]. 

State of the Environment and other sampling of Doctors Creek upstream of the Taylor River carried out 
since 1996 show exceedances of the turbidity guideline were and still are a regular occurrence (Figure 
38). Trend analysis did not detect any significant increase or decrease in turbidity since 1997. There is no 
clear seasonal pattern and higher values occur during rainfall events as well as during dry periods. 

 

 

Figure 38: Turbidity in Doctors Creek upstream Taylor River since 1996. 

Figure 39 shows the turbidity in the lower Doctors Creek catchment, based on samples taken as part of 
the investigations for this report. In the majority of Doctors Creek and its tributaries, turbidity was below or 
only slightly above the guideline value. The highest turbidity was observed in some small drains, 
particularly the road drain along Ben Morven Road. This drain is an example for the impact of regular 
spraying of bank vegetation with the aim to keep the drain ‘clean’. Drains of similar size and form that are 
not sprayed have relatively clear water in comparison. Examples are the road drains along the western 
side of Bells Road (Figure 40).  
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Figure 39: Turbidity in the Lower Doctors Creek catchment based on measurements taken in 
winter 2014 and summer 2013/14. Also shown is the land use at the time. 
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Figure 40: Examples of differences in bank vegetation and stability. The right side shows the 
variation in fine sediment cover for the area around the confluence between Fairhall Coop Drain 
and Doctors Creek compared to sites located upstream.  

The Taylor River and Yelverton Stream had some of the clearest water, with turbidity values generally 
below the guideline. The only exception was a sample taken from Yelverton Stream at Battys Road at a 
very low flow. 

In general, turbidity was higher during the summer months and values usually increased in a downstream 
direction in Doctors Creek, Fairhall Coop Drain and Golf Course Creek. The sample with the highest 
turbidity of 39 NTU was taken from Doctors Creek, just upstream of Fairhall Coop Drain in April, when 
flows were very low. Generally, there was a noticeable increase in turbidity in Doctors Creek between the 
confluence of Golf Corse Creek and Fairhall Coop Drain. This is one of the few areas were cattle have 
direct access to the creek.  Cattle are attracted to waterways and due to their relatively heavy weight, the 
animals can cause significant damage to stream banks and subsequently move soil into the waterway. 
Additionally, the few mature trees remaining in this area are located close to the creek providing the 
additional attraction of shade.  The confluence of Doctors Creek with Fairhall Coop Drain is also an area 
where most of the stream bed is covered in a thick layer of fine sediment (Figure 40). Disturbances of this 
fine material can easily move it back into the water column where it causes an increase in turbidity.  
Cattle and foraging wildfowl were seen moving in the creek, creating plumes of fine sediment that 
reduced the clarity of the water for some distance downstream. Waterfowl have a greater impact on 
turbidity during the summer months, because the lower water levels allow the birds easier access to the 
stream bed. More than 30 ducks and a number of Pukekos were frequently seen in and around Fairhall 
Coop Drain and Doctors Creek, downstream of Golf Course Creek.  
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Figure 41: Turbidity measurements at core sites of the 2013/14 investigation. 

At times wind induced turbulences also caused re-suspension of fine bed sediment, but this was 
observed on very few occasions and appears to play a minor role. 

Overall, during low flows, water of higher turbidity originated in areas where large parts of the stream bed 
were covered with fine sediment. Once a substantial amount of fine sediment has accumulated on the 
stream bed, it can act as a nearly continuous cause for a reduction in water clarity downstream.  The 
amount of fine sediment cover varied significantly throughout the catchment. For this reason the source of 
the fine sediment as well as the reason for the variability in fine sediment cover became a focus for the 
study. 

One potential source is sediment carried into the system during heavy rainfall as a result of surface run-
off or bank erosion due to increased flows. To assess sediment loads during such an event, samples 
were taken on two consecutive days following a small flood event in June 2014 (Figure 42 top left). Two 
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weeks before this smaller flood event a larger flood had occurred. The time period between these two 
floods was not long enough to allow vegetation to establish and stabilize erosion scars created by the 
larger flood event. This meant that sampling captured erosion sources from both the larger and smaller 
flood event. During peak flows deposition of sediment onto the stream bed is unlikely as water velocities 
are too high to allow settling. The sampling was chosen to coincide with flows that would allow the first 
settling of sediment onto the stream bed.  

 

 

Figure 42: Results of Flood Sediment sampling. Top left: Flows of the Taylor River at Borough Weir – 
the timing of the sampling is indicated by the arrow. Top right: relationship between Total Suspended Solid 
concentration and Turbidity for the samples taken. Bottom: Modelling of the Suspended Sediment 
concentrations on the first and second day following the small flood event. 

The bottom maps in Figure 42 show the concentration of Suspended Solids measured on the two days 
following the rainfall event. Total Suspended Solid concentrations give a better measure of the actual 
mass of fine sediment transported and correlate well with turbidity measurements (Figure 42 – top right).  

The results show most of the sediment originated from Fairhall School Creek with some contributions 
from the road drain along Ben Morven Road and the upper Doctors Creek catchment. High sediment 
loads in Fairhall School Creek are most likely caused by a lack of vegetation cover on the banks of the 
main channel, as well as drains flowing into the creek. Upstream of Paynters Road the banks of 
waterways are regularly sprayed to remove vegetation, which increases erosion.  

Notably less sediment originated from Fairhall Coop Drain and Yelverton Stream, which was particularly 
clear. Field observations made during the preceding larger flood revealed that Yelverton Stream 
remained clear during both flood events. The banks of this waterway are densely vegetated with long 
grass, shrubs and occasional trees. The areas were bank vegetation is removed by spraying is very 
limited and instream vegetation is not removed at all. 
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Whether the pattern of sediment loads observed during the June rainfall event is typical for most floods in 
the Doctors Creek catchment could not be investigated, as no significant flood flows have occurred since 
(Figure 42 – top left). 

If it is assumed that this pattern is representative, most of the fine sediment should have been found 
along the Fairhall School Creek, Golf Course Creek and most of Doctors Creek, but not in Fairhall Coop 
Drain. However, this is not the case. Although most of the stream bed of Golf Course Creek has a 
comparatively high fine sediment cover, the cover in parts of Fairhall Coop Drain and Doctors Creek is 
substantially greater. Measurements of sediment depth in Fairhall Coop Drain in the three meters 
upstream of the confluence with Doctors Creek showed an increase from an average of 89mm in August 
2013 to an average of 197mm in February 20147. No significant flood events had occurred during this 
period. This further suggests, that the majority of the fine sediment deposited on the bed of Fairhall Coop 
Drain does not originate from flood flows. 

In Doctors Creek fine sediment cover increases particularly in the stretch located between the 
confluences of Golf Course Creek and Fairhall Coop Drain. Just downstream of Golf Course Creek fine 
sediment covers some small areas along the water edge; 500 meters further downstream, the entire 
stream bed is covered in a thick layer of fine sediment. Two main reasons could be identified. Firstly, the 
flow in Fairhall Coop Drain is larger than in Doctors Creek, which causes the water in Doctors Creek to 
back up. This results in a reduction of water velocity, which in turn causes suspended sediment to be 
settled out and deposited onto the stream bed. Secondly, cattle have access to this part of the waterway.  

Fine sediment cover also increases in Fairhall Coop Drain in a downstream direction, but the dynamics 
causing this increase are different from those in Doctors Creek. During the time period sampling was 
carried out for this report, turbidity in Fairhall Coop Drain was generally low (see Figure 39 and Figure 
41). In November, only one month after sampling was completed, the turbidity in Fairhall Coop Drain 
increased significantly. To investigate the source, turbidity was measured along the length of Fairhall 
Coop Drain as well as in all tributaries using a portable turbidity sensor. This was done on three separate 
occasions. In one of these instances, a source was found to be construction work carried out in one of the 
drains flowing into Fairhall Coop Drain. The works had been going on for a week, potentially causing the 
deposition of large amounts of fine sediment on the streambed immediately downstream. However, 
turbidity steadily increased further downstream of the effected drain, which suggested an additional 
source. On the other two occasions, the same steady increase in turbidity was observed, but no distinct 
point sources could be identified. Closer investigation revealed filamentous algae were causing the high 
turbidity values. The generally high nutrient concentration in Fairhall Coop Drain, combined with abundant 
sunlight due to the lack of larger vegetation on the banks had resulted in the prolific growth of filamentous 
algae. Due to a prolonged period of low flows, the algae had grown to the extent, that the entire stream 
bed was covered; the algae had even smothered existing aquatic weed growing in the stream. Algae 
filaments had grown to a size at which they could no longer withstand the force of the flowing water and 
small pieces would detach. The algae were covering the entire length of Fairhall Coop Drain and caused 
a steady increase in the amount of detached material floating downstream. This resulted in a significant 
increase in turbidity, particularly upstream of Doctors Creek. With the beginning of summer the algae 
cover in Fairhall Coop Drain reduced; probably because conditions for the algae became less optimal, but 
also as a result of wildfowl movement, as areas that were frequently traversed by ducks were free of 
algae growth. The turbidity in Fairhall Coop Drain decrease, but did not reach the low levels observed 
earlier in the year. Although the algae appeared to have been the main cause of increased turbidity 
during that period, additional fine sediment was introduced into the system on several occasions when 
construction works were carried out on surface and subsurface drains as well as some parts of the main 
channel. These types of works were not confined to Fairhall Coop Drain, but could also be seen in other 
parts of the Doctors Creek catchment. 

7 Averages are bases on 18 sampling points along transects at 1m and 3m upstream of the confluence 
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In December 2014 the turbidity in Doctors Creek increased again unexpectedly. There had been no 
significant rainfall events which could have caused bank and surface erosion. It was found that aquatic 
weeds in Fairhall Coop Drain had been sprayed and had consequently died. As a result the fine sediment 
that had accumulated underneath the blanket of aquatic weeds was exposed to higher water velocities. 
This in turn resulted in the re-suspension of the sediment into the water column. 

 

Figure 43: Two different causes for increased turbidity in the Fairhall Coop Drain; dense filamentous algae 
cover on the left and spraying of in-stream and bank vegetation on the right. 
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6.5. Dissolved Oxygen, Water Temperature and pH 
Dissolved Oxygen 

Like us, plants and animals living in streams and rivers need oxygen to breath. The amount of 
oxygen dissolved in the water changes in a distinct pattern over a 24 hour cycle. During the day 
aquatic plants release oxygen into the water as part of their photosynthetic activity. At night this 
oxygen supply is gone and oxygen is used up by the respiration of animals, plants and the 
activity of microorganism. For this reason, oxygen concentrations are usually lowest in the early 
morning, just before the sun rises. Oxygen also enters the water through the water surface from 
the air above it, but this process is relatively slow. In areas of a stream where the water surface is 
broken by turbulences (i.e. riffles and rapids), air bubbles are forced into the water. This 
increases the surface area through which the oxygen can move from the air into the water, which 
means significantly more oxygen is exchanged. 

The amount of oxygen that can be dissolved depends on the temperature of the water, as 
warmer water can carry less oxygen than cooler water. Because of this dependency on water 
temperature the dissolved oxygen “saturation” instead of the dissolved oxygen concentration is 
often used. 100% dissolved oxygen saturation represents the amount of oxygen that can 
physically be dissolved into a water body at a given temperature. The photosynthetic activity of 
aquatic plants can increase the dissolved oxygen saturation significantly above 100%.  

Low dissolved oxygen concentrations effect the growth and survival of aquatic invertebrates and 
fish [2, 9]. Studies have shown that Trout become effected if dissolve oxygen saturation 
decreases to values below 70% [9]. 

 

Water Temperature 

The water temperature of rivers is naturally quite variable as it changes over the course of the 
day and with the season. The water is cooler during the night, warming during the day with 
temperatures usually reaching a maximum around mid-afternoon. Water temperatures are 
particularly high in streams where the vegetation along the banks has been removed or is kept 
short, thereby allowing the sun to directly heat the water. Groundwater inflow, on the other hand, 
can keep the water temperature quite stable, even reducing the seasonal variability. 

High temperatures have a negative impact on the survival of stream invertebrates and fish. Some 
mayflies (Ephemeroptera) are not found in streams with water temperatures above 21.5oC [37] 
and native fish like the Banded Kokopu (Galaxias fasciatus) are also effected by long term 
maximum temperatures above this value [2]. 

 

pH 

The pH is a measure for the acidity or alkalinity of the water, ranging between 0 (strong acid) and 
14 (strong alkaline). Pure water has a neutral pH of 7. Photosynthetic activity by aquatic plants 
increases the pH of the water, resulting in daily variations similar to those in Dissolved Oxygen 
with a maximum around mid-afternoon. Discharges of decomposing organic material can lower 
the pH and many heavy metals are more toxic at a lower pH.  

The optimal range for trout is between 6.7 and 7.8 [16]. Although trout can tolerate a pH ranging 
from 5 to 9.5, growth and reproduction of the fish will be impaired. It is assumed that guidelines 
protecting trout will also be sufficient for native fish. 

Figure 44 shows the measurements of dissolved oxygen saturation, water temperature and pH taken at 
15-min intervals in Doctors Creek just upstream of the confluence with the Taylor River over a period of 
three days. In winter none of the measurements exceed the guideline values and there is only a small 
variability over the course of a day. In summer, on the other hand, all three measurements exceed the 
guidelines on a regular basis. Extremely high dissolved oxygen saturation and pH values during the day 
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are a result of photosynthetic activity of excessive amounts of aquatic weeds and algae growing in the 
stream. Their growth is fuelled by high nutrient concentrations. The lack of larger vegetation along most of 
the banks of Doctors Creek and its tributaries also aid the growth of aquatic plants, as the lack of shade 
results in an abundance of sunlight reaching into the water column. At night, the same plants remove 
oxygen out of the water through respiration and the dissolved oxygen saturation decreases to values of 
50%. Only physical input of oxygen as a result of turbulences and through the water surface prevent 
further reduction and result in the plateauing of the oxygen concentration during the night. 

 

Figure 44: Continuous measurements of Dissolved Oxygen Saturation (blue), Water Temperature 
(orange) and pH (purple) in Doctors Creek upstream of the Taylor River  over a period of three 
days, during the middle of winter (left) and summer (right). The range outside guideline values is 
shaded red. 

As most of the flow in Doctors Creek originates from cool groundwater, the water temperature should be 
relatively constant. However, the already mentioned lack of tall bank vegetation allows the water to be 
heated by the sun during the daylight hours. This results in water temperatures in excess of 27oC, well 
above the guideline of 21.5oC. 

In late spring, after a long period of stable flows, continuous measurements were taken from Doctors 
Creek and the Fairhall Coop Drain at their confluence (Figure 45). Dissolved oxygen saturation in both 
waterways was similar and fell only slightly below the guideline during the night. The variation in water 
temperature was slightly greater in Doctors Creek and spot measurements showed that the guideline 
value was exceeded during the height of summer. PH values above the guideline were already observed 
in late-spring and were likely to reach even higher values in summer. The pH of the water in the Fairhall 
Coop Drain was significantly lower than in Doctors Creek. PH measurements in water from a nearby 
shallow well had values of around 7.3, well above the values seen in the Fairhall Coop Drain. This points 
to processes in the water column or direct inputs as the cause. Low pH values in streams are usually 
associated with the decomposition of organic matter. E. coli concentrations in the Fairhall Coop Drain 
were comparatively low, which excludes faecal matter as a major source. During the monitoring most of 
the stream bed was overgrown with aquatic weeds. The water current would constantly rip off parts of the 
weed, which would float down the waterway and collect along the banks or on other aquatic plants. It is 
possible that the decomposition of this material caused the lowered pH values. 
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Figure 45: Continuous measurements of Dissolved Oxygen Saturation (blue), Water Temperature 
(orange) and pH (purple) in the Fairhall Coop Drain (left) and Doctors Creek (right) just upstream 
of their confluence. 

Generally, conditions for aquatic animals are not very favourable in some parts of Doctors Creek, 
particularly in the lower reaches. This means that sensitive species cannot survive or are confined to 
areas like parts of the Fairhall Coop Drain where conditions are better. 

 

Figure 46: The ‘Sonde’ used for the continuous monitoring deployed in Fairhall Coop Drain. The 
screen to the right prevents floating aquatic weed to accumulate on the instrument. 
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6.6. Ecology 
Macroinvertebrates are the community of insects, worms and crustaceans living in a waterway. 
Together with fish, they are a good indicator of long term water quality. The animals are exposed 
to persistent water quality degradation as well as short term events of high contaminant 
concentrations that might not be picked up by spot sampling. Habitat quality also influences the 
abundance of macroinvertebrates and fish. 

The diversity and abundance of macroinvertebrates collected from a stream can be summarised 
into a single number or score that is based on the sensitivity of the individual species found. One 
such score is the MCI (Macrinvertebrate Community Index). The MCI is commonly used and 
allows the categorization of water quality as ‘poor’, ‘fair’, ‘good’ or ‘excellent’. 

 

Several macroinvertebrate and fish surveys have been carried out in the Fairhall Coop Drain and the 
lower parts of Doctors Creek. Habitat conditions are generally not suitable for sensitive species. Most 
channels are straightened with steep banks, retaining little of their original morphology. Introduced 
aquatic weeds dominate most of the waterways in the lower Doctors Creek catchment. Fine sediment 
covers large areas of the stream bed, forming thick layers in some parts. Most aquatic insects require 
larger substrate, i.e. cobbles, and limited aquatic plant growth in order to thrive. In summer, water 
temperatures are higher than most sensitive species can endure and large variations in dissolved oxygen 
concentration and pH are additional stressors. An ecological assessment of the spring-fed streams on the 
Wairau Plain classified the Fairhall Coop Drain, the lower Doctors Creek and Yelverton Stream as of 
medium ecological value. 

The results of macroinvertebrate monitoring of Doctors Creek upstream of the Taylor River reflects the 
limited ecological value of this waterway. MCI scores are usually indicating poor or fair water quality and 
particularly in recent years MCI scores have been consistently in the poor category (Figure 47).  

 

Figure 47: Macroinvertebrate Community Index (MCI) scores for Doctors Creek upstream of the 
confluence with the Taylor River. 

Occasional Macroinvertebrate monitoring of sites further upstream, in the Fairhall Coop Drain and lower 
Doctors Creek in 2002 and 2008, showed similar MCI scores ranging from 69 to 82 [42, 43].  

Some sites have also been monitored for the abundance of fish (Figure 48). The fish fauna found as part 
of these surveys is limited to four or five species. Eels made up the majority of fish found at all of the 
sites. Shortfin Eels were most common, but Longfin Eels were also present, although in much lower 
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numbers (4-34% of the Eels). The Common Bully was comparatively rare and totally absent in Fairhall 
Coop Drain. Inanga and Brown Trout number were very low at all of the sites. 

 

Figure 48: Average fish numbers found in several sites in the lower Doctors Creek catchment and 
in the Taylor River upstream of Doctors Creek [21, 42, 43]. 

The greatest number of fish was found in the Taylor River upstream of the confluence with Doctors 
Creek, but the actual species composition was similar to that in Doctors Creek. A qualitative survey of fish 
in the lower Doctors Creek from Batty’s Road to the Fairhall Coop Drain downstream of Bells Road was 
carried out in late January 2015. This survey found a similar fish species composition as the previous 
studies. Fish numbers were low and the fauna was again dominated by Eels. Small schools of Inanga 
were found in stretches that were shaded by tall bank vegetation. A small number of adult trout lived in 
upper parts of the Fairhall Coop Drain, where cool water from inflowing tile drains and groundwater would 
keep water temperatures low. 
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6.7. Heavy Metals and Agricultural Chemicals 
Heavy Metals 

Naturally, Heavy Metals are present in very small concentrations. Some agricultural chemicals 
contain small quantities of these metals as impurities. For example many NPK fertilisers contain 
zinc, cadmium, arsenic or lead originating from the mineral ores that were used in the production 
[11]. Frequent fertilizer application can result in the accumulation of these heavy metals in the 
soil. If soil is shifted into the water way due to erosion during rainfall or stock access, the water 
way can also become contaminated with heavy metals. Some heavy metals, including zinc and 
copper originate from machinery and roofing iron. These sources usually only contribute 
significant amounts during rainfall events when the contaminants are washed off roof and road 
surfaces. 

High heavy metal concentrations are toxic to aquatic life. The trigger levels provided by the 
ANZECC Guidelines [1] allow the application of different degrees of species protection. For most 
water ways, the default trigger limit is the 95% Species Protection limit. A higher 80% Species 
Protection trigger can be applied to impacted waterways. The trigger values apply to median 
concentrations not the results of individual samples. 

 

Pesticides 

Insecticides, Fungicides and Herbicides are widely used as part of the primary production 
industry. The components of some pesticides are persistent, degrading very slowly. Repeated 
application of these pesticides can result in elevated concentrations in the soil. Depending on the 
mobility of the pesticide in the environment, groundwater and surface water can also become 
contaminated. Spray drift from application too close to a waterway can also lead to contamination 
of surface water. Limits for acceptable pesticide concentrations in water can be found in the 
Drinking Water Quality Standards [30]. 

Copper, Arsenic and Zinc concentrations are measured in Doctors Creek upstream of the Taylor River as 
part of the State of the Environment program. Additionally, lead concentrations were measured at the 
same site as part of the Taylor River stormwater investigation in 2013 and 2014. Arsenic concentrations 
were consistently very low, but copper, zinc and lead concentrations were occasionally elevated (Figure 
49). The majority of samples with elevated heavy metal concentrations were taken during and shortly 
after rainfall. Soils samples from the Doctors Creek catchment had heavy metal concentrations well below 
the limits suggested by NZWWA (see Section 4). This suggests that heavy metal contaminations in soils 
are not a concern in regard to the water quality of Doctors Creek. The occasionally elevated 
concentrations in Doctors Creek associated with rainfall events are likely a result of run-off from roads, 
yards, tracks and roofs. Overall, the median concentrations of the heavy metals monitored in Doctors 
Creek are all well below the 95% Species protection trigger values. 

To investigate potential contamination with pesticides, three samples were taken from Doctors Creek 
upstream of the Taylor River in October 2014. The timing was chosen so that application of pesticides 
had begun while most of the waterways in the catchment were still carrying surface water before 
increasingly drying out later in the year. This allowed capture of the greatest extent of possible 
contamination sources. Additionally, plant growth was still slow, which potentially resulted in lower 
absorption by the vegetation. 

In all three samples, only one pesticide, Terbuthylazine was found to be above the detection limit, but 
concentrations were well below the maximum acceptable value for drinking water [30]. Terbuthylazine is a 
selective herbicide that can be used on a wide range of crops, including vines and maize. This pesticide 
is used for long-term weed control, because it degrades very slowly. However, this also means that it can 
be a potential source of contamination well after the application, if used in close proximity to water ways. 
The banks of a number of waterways in the Doctors Creek catchment are frequently sprayed to remove 
vegetation. 
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Figure 49: Total Zinc, Copper and Lead concentrations measured in Doctors Creek upstream of 
the Taylor River. Note that the metal concentrations are presented on a logarithmic scale. Values 
below detection limit are shown in grey. 

The Marlborough District Council also carries out 4-yearly pesticide sampling of 20 wells across the 
region.  Shallow groundwater, as it is found in the Doctors Creek catchment is especially susceptible to 
contamination with pesticides. Pesticide concentrations have been found to be minimal and are not 
increasing [7]. 
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7. Summary and Discussion 
The Taylor River and the associated river reserve are an important feature of Blenheim and are used for 
a number of recreational activities, including rafting, cycling, running, dog-walking and swimming. Doctors 
Creek is one of the main tributaries of the lower Taylor River. During prolonged dry periods, Doctors 
Creek and Murphys Creek supply the majority of surface flow into the Taylor River. These two tributaries 
are part of a belt of springs that emerge west and north of Blenheim.  Most of these springs have a 
comparatively small surface catchment. This means during rainfall events, surface-runoff contributes a 
small amount to the overall flow of the springs when compared to waterways not predominantly fed by 
groundwater. However, Doctors Creek is one of the few spring-fed streams that have a substantial 
surface catchment area. Consequently, direct inputs have a greater potential to impact on the overall 
water quality of the creek. Nearly the entire area of the Doctors Creek catchment is dedicated to primary 
production with only a small part flowing through residential Blenheim at the bottom of the catchment. 

Monthly sampling of Doctors Creek as part of the State of the Environment program had shown the water 
quality of this waterway to be degraded. This had a follow-on effect on the water quality of the Taylor 
River, which is also monitored as part of the program. A number of the water quality parameters 
measured, were found to exceed guidelines based on ecological and recreational values.  In 2012 
Council decided to investigate the sources causing the degradation in water quality. 

One of the parameters consistently exceeding the guideline values was soluble inorganic nitrogen, which 
is predominantly in the form of nitrate. The investigative sampling carried out in 2013 and 2014 found that 
nearly all of the nitrate originates from the groundwater emerging in Doctors Creek. Generally all primary 
production activities cause the leaching of nitrate into groundwater. However, the amount leached varies 
for different soil types and land uses. For similar soils the greatest amount of nitrate is generally lost 
under irrigated cattle pasture and cropping, while dryland sheep farming and vineyards lose 
comparatively small amounts to groundwater. The State of the Environment data for Doctors Creek show 
a downward trend for nitrate concentrations, which might be a result of the large-scale conversion of 
pasture into vineyards that occurred on the Wairau Plain in recent years. Results from the 2013/14 
investigation showed that the nitrate concentrations in the southern part of the catchment are very low. 
The groundwater emerging in this area is comparatively old and probably originated from a time before 
the catchment was used agriculturally. Further to the north, particularly around New Renwick Road, 
nitrate concentrations are very high. In this area most of the groundwater flows in from the west.  
Sampling of shallow wells in the Fairhall River valley several years ago, in 2000, revealed nitrate 
concentration there to be considerably higher than those observed in Doctors Creek in 2013/14. 
Unfortunately, these wells were not sampled recently, but it can be assumed that nitrate concentrations 
are still relatively high.  

Groundwater flowing into the Doctors Creek system further north (i.e. Fairhall Coop Drain) originates from 
the Wairau aquifer. Nitrate concentrations are slightly lower, but still significantly elevated. The aquifer 
contains considerably more water, which also moves at a greater speed, compared to the aquifers 
supplying water to Doctors Creek further to the south. This might explain the difference in nitrate 
concentrations. The slower moving groundwater from the west is picking up more nitrate leachate before 
emerging as surface water in the Doctors Creek catchment. It is unclear how old this water is, which 
means it is difficult to link nitrate concentrations to land use activities. The majority of the Doctors Creek 
water flowing into the Taylor River originates from the northern part of the catchment. This means the 
high nitrate concentrations in groundwater from the Wairau aquifer and from the Fairhall River valley 
(potentially also from the Omaka River valley), are the sources of the nitrate influx into the Taylor River 
from Doctors Creek.  

Measurement and modelling of the cumulative nitrate leachate under the different land use activities on 
the Wairau Plain and the Southern Valleys would allow better management of the water resources for the 
area, for both, groundwater and surface water.  

Future plans to convert more pastures into vineyards and the time-lag introduced by the age of the 
groundwater mean that a further reduction of nitrate concentrations in Doctors Creek is likely. 

Another major plant nutrient that is generally elevated in Doctors Creek is phosphorus, measured as DRP 
(Dissolved Reactive Phosphorus). Most of the DRP originates again from groundwater, but an additional 

52 MDC Technical Report No: 15-001 



Taylor River Catchment Characterisation - Doctors Creek 

source was found to effect DRP concentrations in winter. A combination of the removal of stream bank 
vegetation by spraying and grazing sheep in vineyards resulted in the shifting of soil into waterways by 
the hoofs of the sheep, when they moved down the stream banks to take a drink. Although the amount of 
soil input was not large enough to cause a significant reduction of the water clarity it did result in a notable 
increase in DRP due to the release of soil-bound phosphorus into the water column. During the summer 
months, phosphorus was also released from fine sediment covering the bed of some of the small, slow 
flowing parts of the Doctors Creek system. However, these made a very small contribution of the overall 
flow and therefore did not significantly impact on the DRP concentration in the lower Doctors Creek. 

The lower flows during the dryer summer months result in a reduced dilution of other contaminants, 
including faecal matter. In the rural areas of the Doctors Creek catchment, contamination with faecal 
matter is predominantly the result of livestock access and wildfowl. In Yelverton Stream, which flows 
through residential areas, source tracking identified several sources of human effluent.  While these 
sources will be eliminated relatively soon, the reduction of faecal inputs from farm animals will require 
long-term cooperation with land owners. The fencing off of cattle access is a priority, as these animals 
have a natural affinity for waterways. The significant impact of a relatively small number of animals 
upstream of the confluence of Doctors Creek and Fairhall Coop Drain shows that fencing regulation 
based on stocking rates8 would not lead to the required improvements of water quality in Doctors Creek. 
Additionally, many small seeps and springs carry animal faeces into the water way from paddocks where 
the animals already have no direct access to the main stream channel. This means that livestock should 
also be excluded from these small tributaries.  

The exclusion of stock animals from the waterways would also result in a significant reduction of sediment 
input into Doctors Creek and its tributaries. Not only is this sediment a source of phosphorus, but more 
importantly, it is the main cause for increased turbidity. Particularly when water levels are low, wildfowl 
and livestock frequently remobilise fine sediments that have been deposited onto the stream bed. The 
resulting higher turbidity of the water not only degrades aesthetic values, but also affects many fish. Many 
species need to see their prey in order to feed. The deposited sediment also limits suitable habitat for 
many aquatic species. Stream bed dominated by larger substrate (i.e. cobbles) in some parts of Doctors 
Creek and Fairhall Coop Drain suggest that fine sediment cover would naturally be quite low. 

In late 2014, the removal of aquatic weeds with herbicides increased water velocities close to the stream 
bed after the plants had died. This also resulted in the re-suspension of fine sediment for several days 
after the treatment. The management plan for the control of aquatic weeds in the Doctors Creek 
catchment might need be reviewed.  

Another source of fine sediment are drainage works in and around water ways that still carry surface 
water. During the investigation for this report, a number of drains were turbid for several days, resulting in 
the deposition of significant amounts of fine sediment on the stream bed downstream. During drainage 
works, the amount of time spent in the flowing part of the water way should be kept to a minimum. It is 
important to recognized that any discharge of fine sediment effects water clarity for quite some distance 
downstream while the work is carried out, but also for quite some time after works have stopped.   

A portion of the fine sediment deposited on the stream bed in Doctors Creek and its tributaries originates 
from flood flows, when heavy rainfall erodes land surfaces close to water ways and washes soil and 
subsoil into the water. Input from this sediment source is again exacerbated by human activity. In some 
vineyards, vegetation on the vineyard and particularly along stream banks is frequently removed by 
spraying leaving exposed soil that is easily eroded. Although pesticide sampling found only small 
amounts of spray residue in the water, the sediment input can be quite substantial. The removal of bank 
vegetation also increases the risk of severe erosion that can result in the loss of productive land. Leaving 
bank vegetation to grow, stabilizes the stream banks and planting of shrubs would also increase the 
shading of the water ways. The current lack of taller bank vegetation results in very high water 
temperatures during the summer months, but it also aids the excessive growth of aquatic weeds and 
algae which in turn results in large dissolved oxygen and pH fluctuations. All this is detrimental to most 

8 Number of stock units per hectare 
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aquatic animal. Macroinvertebrate sampling and fish surveys confirm the currently limited ecological value 
of Doctors Creek. 

Improvement of the water quality in Doctors Creek requires a combined effort, but considering the 
significant influence this water way has on the water quality of the highly valued Taylor River, the 
enhancement of Doctors Creek is potentially highly beneficial to the community. 

 

Figure 50: The Taylor River at Riverside. Improvements of water quality in Doctors Creek would 
have a follow-on effect on the Taylor River. 
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