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1. Introduction 

The Waimakariri River is a nationally significant braided river that flows to sea immediately north of 
Christchurch.  It provides habitat for a diverse range of native plants and riverine birds, supports one of 
the most heavily used sports fisheries in New Zealand, and is highly valued for jetboating and other 
recreational pursuits.  In addition to having high instream values, the Waimakariri River also offers 
considerable potential for irrigation.  With the recent increase in irrigation use in the agricultural sector, 
the demand for reliable water sources has increased, and there a several existing and proposed water 
abstractions from the Waimakariri River for irrigation. 
 
The proposed Central Plains Water (CPW) irrigation scheme involves the abstraction of up to 40 m³/s of 
water from both the Waimakariri and Rakaia Rivers.  Several reports have assessed the environmental 
assessment effects of the CPW scheme on the Waimakariri River, with the most recent focusing on 
effects associated with water abstraction (Kingett Mitchell 2006).   
 
Key potential environmental effects associated with water abstraction are effects on habitat availability, 
flow variability, and water quality.  Duncan (2001) and Duncan et al. (2003) described a two dimensional 
instream habitat modelling exercise undertaken in a heavily braided reach of the Waimakariri River known 
as Crossbank, about 10 km upstream of the State Highway 1 bridge.  These two reports looked at the 
relationship between river flow and instream habitat for juvenile brown trout and salmon, and habitat for 
wrybill plover and banded dotterel (both threatened native river birds). 
 
The purpose of this report is to expand on the earlier work of Duncan (2001) and Duncan et al. (2003) by 
assessing the relationship between river flow and habitat availability for a more complete range of species 
that are likely to occur in the Crossbank reach of the Waimakariri River.  In particular, this report 
describes the relationship between river flow and instream habitat availability for selected groups of 
algae, invertebrates, native fish, salmonids, salmon angling, and riverine birds (see methods section 
below for further details).  This report includes description of general trends in the data and comparison 
with the findings of earlier studies on the Waimakariri River and other Canterbury braided rivers.  
However, detailed interpretation of results, particularly with respect to effects of the CPW scheme, is 
outside of the scope of this report. 
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2. Methods 

2.1 Site Description 

The Waimakariri River at Crossbank is comprised of several major braids that carry the majority of river 
flow, plus numerous smaller braids.  Riverbed sediments are dominated by gravels with a mean grain 
size of 35 to 40 mm (Duncan et al. 2003).  Mean river flow is 122 m3/s and median flow is 90 m3/s at the 
Old Highway Bridge recorder.  Low flows occur in late summer and the seven-day mean annual low flow 
is 40 m³/s.  Irrigation restrictions for water abstraction take effect at 41 m³/s for A Permit holders and 
63 m³/s for B Permit holders. 
 
 
2.2 Habitat Modelling 

Details of instream habitat modelling were described in Duncan (2001).  Briefly, the Crossbank model grid 
is 3 km long (i.e., in the direction of river flow) 1.5 km wide.  It was surveyed using airborne laser altimetry 
and echo sounding of wetted channels, as outlined in Duncan (2001).  Water depths and velocities were 
modelled using the two dimensional model Hydro-2de (Beffa & Connell 2001), using model cells that 
were 4 m long by 2 m wide (i.e., longest in the direction of river flow).  All modelled water depths <20 mm 
were treated as dry channels; this is considered a reasonable margin of error when compared to the 
mean particle size of around 35 to 40 mm (Duncan et al. (2003). 
 
Modelled depths and velocities were provided by NIWA for the following flows: 41, 52, 63, 67.5, 74, 79.5, 
and 85 m³/s.  Duncan (2001) and Duncan et al. (2003) offer no explanation of why these particular flows 
were modelled, however they can be compared against the seven-day mean annual low flow of 40 m³/s, 
the A Permit minimum flow of 41 m³/s, the B Permit minimum flow of 63 m³/s, and the median flow of 
90 m³/s. 
 
The modelled depths and velocities were imported into a GIS and are attached as plots in Appendix 1.  
Rather than show a continuous range, depths and velocities are displayed using the following cut-offs: 
 
Depth Plot 1: <0.05, 0.05–0.25, 0.25–0.35, >0.35 m. 
Depth Plot 2: <0.05, 0.05–0.5, 0.5–1.0, >1.0 m. 
Velocity:    <0.5, 0.5–1.0, >1.0 m/s. 
 
The cut-offs for the first depth plot were chosen to represent the range of potential minimum depths of 
passage for chinook salmon; literature values for salmon passage range from 0.25 to 0.35 m depth 
(Mosley 1982; Jowett 1987).  The cut-offs for the second depth plot and the velocity plot were chosen 
because they can be used to locate the availability of habitat for species with deep vs shallow water depth 
preferences and swift vs slow velocity preferences.  For example, bluegill bullies tend to prefer depths 
<0.5 m and velocities around 0.5-1.0 m/s (Jowett & Richardson 1995), whereas preferred salmon angling 
locations typically have depths >1 m and velocities >1 m/s (Glova 1988). 
 
Spring-fed channels that lacked upstream connection to flowing braids were not included in the model.  
However, by taking measurements using aerial photographs, Duncan (2001) estimated that spring-fed 
seeps and ponds covered approximately 27,000 m², or 3% of the total wetted area, when river flow was 
63 m³/s.  Thus, spring-fed channels comprise a small component of total wetted area in the Waimakariri 
River.  For further discussion regarding instream habitat and ecological values of spring-fed channels in 
the Waimakariri River, see Kingett Mitchell (2006).  
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3.2.3 Native fish 

Of the native fish species examined, torrentfish and bluegill bully showed the steepest increase in WUA 
with flow, and this increase was linear (Fig. 3.5).  Shortfin eel also showed a similarly steep increase in 
WUA at flows >53 m³/s, but showed a steep decline in WUA as flows increase from 41 to 53 m³/s.  
Common bully, upland bully, and small longfin eels (<300 mm long) all showed a decline in WUA as flow 
increased from 41 to 53 m³/s, followed by a gradual increase in WUA at higher flows.  Large longfin eels 
showed no change in WUA at flows <53 m³/s, after which there was a gradual increase in WUA.  For five 
of the seven native fish species/life stages examined, there was a steep decline in HSI as flows increased 
from 41 to 53 m³/s, followed by a more gradual decline in HSI.  Torrentfish and bluegill bully are the two 
species that show virtually no change in HSI with flow. 
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Fig. 3.5: Habitat suitability for native fish, expressed as weighted usable area (WUA, upper) and average 

Habitat Suitability Index (HSI, lower), at different river flows. 
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3.2.4 Salmonids 

Juvenile Chinook salmon (<55 mm) showed a gradual increase in WUA as flows increased from 41 to 
63 m³/s; WUA increased at a greater rate at flows above 63 m³/s (Fig. 3.6).  Adult brown trout WUA 
habitat increased more gradually, but linearly with flow, while salmon juveniles (>55 mm), brown trout 
spawning and trout fry (<15 cm) follow a near-identical very gradual increase in WUA with flow.  HSI 
values decline with flow for all five salmonid species/life stages, with the rate of decline being greatest for 
salmon fry (<55 mm) at flows between 41 and 68.5 m³/s. 
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Fig. 3.6: Habitat suitability for brown trout and Chinook salmon, expressed as weighted usable area 

(WUA, upper) and average Habitat Suitability Index (HSI, lower), at different river flows. 
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3.2.5 Angling 

The Rangitata (suitability) salmon angling curve showed the steepest increase in WUA with flow, followed 
by the Waitaki curve, and both showed a linear increase in WUA with flow (Fig. 3.7).  There was very little 
increase in WUA with flow for the Rakaia or Rangitata (weighted) salmon angling curves or for adult 
salmon holding water.  HSI increased with flow for all five of the salmon angling curves and the adult 
salmon holding water curves, although the rate of HSI increase was slightly less steep at flows >63 m³/s 
for the Rangitata (suitability) and Waitaki salmon angling curves. 
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Fig. 3.7: Habitat suitability for salmon angling and adult salmon holding water, expressed as weighted 

usable area (WUA, upper) and average Habitat Suitability Index (HSI, lower), at different river 
flows. 
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3.2.6 Native birds 

The Waimakariri black-fronted tern curve showed a steep decline in WUA as flow increased from 41 to 
52 m³/s, followed by a more gradual decline to 63 m³/s, then a gradual increase at higher flows (Fig. 3.8).  
In contrast, the Rangitata black-fronted tern curve showed a nearly linear increase in WUA with flow.  
Wrybill plover feeding habitat showed virtually no change in WUA or HSI with flow.  The Rangitata black-
fronted turn curve also showed virtually no change in HSI with flow, while the Waimakariri curve showed a 
steep decline in HSI as flows increased from 41 to 63 m³/s, followed by a gradual decline in HSI. 
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Fig. 3.8: Habitat suitability for native riverine birds, expressed as weighted usable area (WUA, upper) 

and average Habitat Suitability Index (HSI, lower), at different river flows 
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4. Discussion and Conclusions 

4.1 Comparison with Previous Studies in the Waimakariri River 

As mentioned above, the 2d data used in this report were originally used for instream habitat assessment 
in the Waimakariri River by Duncan (2001), and Duncan et al. (2003).  Five species/life stages were 
examined in these earlier reports: juvenile salmon (<55 mm); juvenile brown trout (<55 mm); wrybill plover 
feeding; and black-fronted tern curves developed in the Waimakariri and Rangitata Rivers.  Four of the 
five curves were also used in this report (brown trout <55 mm was not used), and all except for wrybill 
plover followed the same changes in WUA with flow as shown in the earlier reports.   
 
Duncan (2001) reported a steep decline in WUA for wrybill plover as flows increased from 41 to 63 m³/s, 
followed by a more gradual decline in WUA at higher flows.  However, in this report there was very little 
change in WUA for wrybill plover across the range of flows examined (Fig. 3.8 above).  Furthermore, 
WUA values reported for wrybill plover and juvenile salmon at 41 m³/s were about the same in the 
Duncan report, whereas there was an order of magnitude greater juvenile salmon habitat WUA than 
wrybill plover WUA in this report (Figs. 3.6 and 3.8).  The most preferred depths for wrybill plover feeding 
(i.e., with a habitat suitability of “1”) are shallow and fall within a very narrow range, from 5 to 25 mm, 
whereas juvenile salmon have a deeper and broader range of preferred depths, from 80 to 200 mm deep.  
Given the relatively shallow and narrow range of preferred depths for wrybill, it seems unlikely that they 
could have similar total WUA to juvenile salmon, particularly also given that depths <20 mm were 
excluded from the model.  The plots for wrybill plover in this report and in Duncan (2001) should therefore 
be treated with some caution, particularly given that much of their preferred depth range (i.e., depths 
<20 mm) have been excluded from the model grid.   
 
Wrybill plover have the shallowest depth preferences of all species examined in this report.  The next 
closest being small longfin eel (<300 mm), which have a most preferred depth of 20 mm (although depths 
of up to 0.8 m also have a suitability of around 0.5).  It is therefore concluded that wrybill are the only 
species that are particularly sensitive to the removal of depths <20 mm from the model grid.   
 
 
4.2 Comparison with other Canterbury Braided Rivers 

In the heavily braided Crossbank reach of the Waimakariri River studied, a halving of flow from 85 to 
41 m³/s resulted in a relatively small reduction in mean depth of 0.07 m (ca 17% reduction), but a 
relatively large decrease in total wetted channel width of around 90 m (ca 28% reduction).  Recent habitat 
modelling studies in braided reaches of the Waitaki River (Jowett 2002, 2006), showed that a seven-fold 
decrease in flow from 350 to 50 m³/s resulted in a 2.5-fold decrease in the wetted width, but mean depth 
decreased by only around 0.14 m (a 21% decrease).  In a similar study in the Rangitata River, Duncan & 
Hicks (2001) found that a nearly six-fold decrease in flow from 80 to 15 m³/s decreased mean water depth 
in the order of 0.25 m, a halving of mean depth.  In the Rakaia River, a near halving of river flow from 
about 132 to 70 m³/s resulted in an approximately 25% decrease in wetted area, and no appreciable 
change in mean depth (Glova & Duncan 1985).  These studies in braided reaches of the Waitaki, 
Rangitata, Rakaia, and Waimakariri Rivers indicate that due to the relatively wide and shallow nature of 
minor and major braided channels, flow changes result in a large change in wetted width, but little change 
in depth in braided rivers.  This small reduction in mean depth with reduced river flow is the reason why 
instream habitat for many species changes little with flow in the Waimakariri River, at least over the range 
of flows modelled. 
 
Of the braided rivers mentioned above, the Rangitata River instream habitat study (Duncan & Hicks 2001) 
is perhaps the most directly comparable to the Waimakariri River, as they have quite similar flow 
statistics.  Thus, mean flow is 100 and 122 m³/s, and mean annual seven day low flow is 42 and 40 m³/s 
for the Rangitata and Waimakariri Rivers respectively (data from Environment Canterbury website).  In 
both the Rangitata and Waimakariri Rivers, WUA increased linearly as flow increased from 40 to 80 m³/s 
for most species/life stages examined.  However, as flow dropped below around 35-40 m³/s in the 
Rangitata River, habitat availability tended to decline more steeply for most species (Duncan & Hicks 


