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EXECUTIVE SUMMARY 

 
The New Zealand freshwater fish fauna is few in comparison to other countries and of the 35 
native species included in the fauna, 18 of these spend a portion of their life in the sea as part of 
their necessary life cycle (diadromous). The presence of hard engineered in-stream structures in 
waterways becomes an impediment for some species of fish to penetrate inland and access 
suitable habitat for feeding and spawning. Anthropogenic in-stream structures cause a barrier to 
diadromous fish, by preventing their upstream or downstream passage. Poor design and 
installation of culverts and other instream structures poses a major problem for fish passage which 
in turn reduces native fish communities. 
 
The introduction of the Freshwater Fisheries Legislation in 1983 and the Resource Management 
Act in 1991 highlighted fish passage as being a significant issue in New Zealand. The Hawke‘s 
Bay Regional Council sets out clear direction to address this issue through policies and rules in the 
Regional Resource Management Plan (RRMP).   
 
The Hawke‘s Bay Regional Council fish monitoring strategy highlighted the need for an 
assessment of potential barriers to fish passage in the region. The project aimed to list the 
locations of these potential barriers and assess each of the structures on the severity of the 
restriction to particular fish species with differing climbing abilities.  
 
Surveys took place over the summer months of 2008 and 2009 when students were available to 
provide assistance with assessments. The structures were assessed by visiting the site and 
completing an in-stream structure assessment form (Appendix1). The form (Kelly & Collier, 2006) 
allowed the structures to be assessed for barrier type, barrier height, flow assessments, in stream 
habitat and the severity of the barrier preventing fish passage to anguilliforms, climbing species, 
swimming species and jumping species of fish (Appendix 2). 
 
A total of 88 structures in 82 separate locations were assessed as preventing the upstream and 
downstream migrations of the fauna. Of these, culverts, storm water pumping stations and weirs 
make up the majority of the structures identified as causing a barrier to fish passage. Bridge 
aprons, dams, fords and a recently engineered fish pass at Pekapeka Swamp made up the 
remaining amount with only 1% of each contributing to the proportion of fish passage types.  
 
Structures identified as causing a barrier to fish were recorded in a Microsoft Office Access 
Database. The database holds information on the physical attributes of the barrier as well as the 
severity of restriction to fish of differing climbing abilities and habitat information of the waterway. 
On completion of the database the structures were ranked using an adaptation to the method 
applied by Kelly & Collier (2006). 
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1.0  BACKGROUND 

18 of the 35 indigenous fish species currently recognised in New Zealand are diadromous, i.e. they 
undergo migrations between fresh and salt water to complete their life cycle. Fish passage is 
therefore a significant issue in New Zealand as natural barriers and inadequately designed river 
structures can prevent passage of migrating fish. One of the objectives of the fish monitoring 
strategy is to identify any anthropogenic barriers to fish migration present in the Hawke‘s Bay. This 
is the third year of an ongoing project that identifies barriers to fish passage.  The project is aims 
to: 

 Collate information by interviewing staff from HBRC and external stakeholders on possible 
river structures then locating them by GPS, photographing them and investigating known 
fish distributions up and downstream of the structures. 

 

 Identify all possible barriers to fish passage within the Hawke‘s Bay Region. These will 
include floodgates, culverts, bridge aprons, weirs and dams, pumping stations and pipes 
within waterways. This information will provide the regional council with a tool for identifying 
‗problem areas‘ where fish passage can be improved by simple alteration or removal of 
these barriers. 

 

 Data collected to be recorded on forms (Appendix I) and input onto a Microsoft Office Excel 
spreadsheet for direct import to GIS software (ArcView 9.12). 
 

 Provide reference to existing electro-fishing data and the point-click-fish predictive model 
(Joy, 2004) on existing fish distributions.  

 
By developing a database and entering data for structures assessed as part of the project the 
Council aims to: 

 Assist environmental regulation in assessing effects of existing and new consents and to 
provide a basis for catchment remedial works to improve in stream values, and 

 Provide information on predicted fish populations to ensure continued validation of the point-
click-fish distribution model.  
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2.0 INTRODUCTION 

The New Zealand freshwater fish fauna is few in comparison to other countries and of the 35 
native species included in the fauna, 18 of these spend part of their life in the sea as part of their 
necessary life cycle (diadromous). The presence of hard engineered in-stream structures in 
waterways becomes an impediment for some species of fish to penetrate inland and access 
suitable habitat for feeding and spawning. The climbing ability of fish differs dramatically between 
species; the best climbers being the longfinned and shortfinned eels which can survive for 
extended periods out of water by respiration of atmospheric oxygen as long as their skin remains 
moist. Koaro and banded kokopu have evolved with large pectoral fins, enabling them to cling to 
moist surfaces of rocks and so can climb extensive waterfalls (McDowall, 2002). The climbing 
ability of different fish species determines their ability to penetrate inland. As fish move upstream in 
a migration the fish communities change with habitat preferences determined by flow conditions, 
substrate types and the availability of food. 

 

Species Threat Status Climbing ability Elevation range 

Long finned eel Gradual Decline Excellent High 

Short finned eel Not threatened Excellent Low 

Koaro Not threatened Excellent High 

Banded kokopu Not threatened Excellent Low 

Torrent fish Not threatened Good High 

Red finned bully Not threatened Good High 

Common bully Not threatened Moderate Low 

Blue gilled bully Not threatened Moderate High 

Inanga Not threatened Poor Low 

Table 1: Diadromous species found in Hawkes Bay, their threat classification, climbing abilities and 
elevation ranges 

The freshwater fish fauna of Hawke‘s Bay is few with only 19 native species being represented. 
Nine of the 19 species found in Hawkes Bay are diadromous. These species are longfinned and 
shortfinned eel, koaro, banded kokopu, torrentfish, inanga and three of the bullies (Table 1). The 
freshwater shrimp also has excellent climbing ability and has the potential to climb to high 
elevations (McDowell, 2000) and is present in Hawkes Bay rivers and streams. 

Anthropogenic in-stream structures cause a barrier to diadromous fish, by preventing their 
upstream or downstream passage. Poor design and installation of culverts is a major problem for 
fish passage. Culverts installed higher than the natural stream level can pose a problem for fish to 
pass through due to the inability for fish to enter the culvert. These perched culverts become 
inaccessible for all species. Flow conditions inside the culverts can also present a problem for fish 
passage. Large culverts with a wide diameter become a barrier at low flow conditions due to the 
shallow water depth. Alternatively, culverts with a smaller diameter than the natural stream channel 
become a high velocity barrier at higher flows; constricting the water flow into a small cross-section 
and increasing water velocities above those naturally occurring in the stream (Boubee et al, 1999). 
Pump stations designed to regulate stormwater flows are a complete barrier to fish passage and 
the presence of tide gates and flood gates at culvert openings can also be a complete barrier to 
fish passage when closed. Weirs are concrete, stone or stonemesh overflow walls or structures 
that are designed to retard the flow and raise upstream water level to permit diversions and 
measure the rate of flow. Due to this, weirs are a significant obstacle to fish passage. Many of the 
diadromous fish species are poor climbers (Appendix 2) and cannot swim at great speed for long 
distances. Even the smallest weir can present a barrier to non climbing species of fish (Taranaki 
Regional Council, 2001).  
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The current project, which aims to identify known barriers to fish passage in Hawke‘s Bay, has 
been running for three years and will be ongoing. This report aims to give an overview of fish 
passage issues in Hawke‘s Bay by identifying structures that have been assessed as being a 
potential barrier for fish to migrate past. The assessment at this stage is limited to public land and 
does not include private or commercial forestry land.  

By having knowledge of locations on the stream network where fish passage may be an issue, it 
gives an understanding of what could be affecting fish distributions within the region. The 
information will help in prioritising remediation measures to improve fish passage throughout the 
Hawke‘s Bay region. 
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3.0 STATUTORY REQUIREMENTS 

Fish passage is a requirement covered in two separate pieces of legislation within New Zealand. 
The Freshwater Fisheries Regulations 1983 was the first piece of legislation to cover the issue of 
fish passage and is administered by the Department of Conservation. The Resource Management 
Act 1991 is administered by the Ministry for the Environment who provides guidance to territorial 
authorities, local government and businesses on the sustainable management of New Zealand‘s 
natural resources.  

3.1 The Freshwater Fisheries Regulations 1983 

The Freshwater Fisheries Regulations (1983) address the issue of fish passage through section VI. 
The regulations apply to every dam or diversion structure in any natural river, stream, or 
watercourse; not including structures detailed in 41(2). 

42. Culverts and Fords – (1) Not withstanding regulation 41(2)(d)
1
 of these regulations, no person shall 

construct any culvert or ford in any natural river, stream or water in such a way that the passage of fish 
would be impeded without the written approval of the Director-General incorporating such conditions as the 
Director General thinks appropriate. 

3.2 Resource Management Act (RMA, 1991)  

The Resource Management Act (RMA, 1991) promotes the sustainable management of natural 
and physical resources through section 5(2) which states: 
 
“ (b) Safeguarding the life-supporting capacity of air, water soils and ecosystems; and 

  (c) Avoiding, remedying or mitigating any adverse effects of activities on the environment” 

Section 7(h) of the RMA requests a particular regard to the habitat of Trout and Salmon when 
achieving the purpose of this Act. Although fish passage is not specifically identified as an issue in 
the RMA, it falls under section 13: which states: 

“No person may use erect, reconstruct, place, alter, extend, remove or demolish any structure in the beds of 
rivers and lakes unless allowed by a rule in a regional plan or issued with a resource consent.” 

3.3 Regional Policy 

 
The RMA (s30) sets out the functions of the Hawke‘s Bay Regional Council in relation to resource 
management. The objectives and policies set out in the Regional Resource Management Plan 
(RRMP) (HBRC, 2006) aim to sustainably manage the natural resources and identify regionally 
significant issues. 
 
Objective 45 of the RRMP sets out the direction to be taken by the Regional Council for the 
maintenance or enhancement of the physical resources, and use and values, of the beds of rivers 
and lakes within the region as a whole. Policy 79 sets out the guidelines for the management of 
activities having an impact on the beds of rivers and lakes in the region (Table 2). Implementation 
of these guidelines is set out in policy 80, predominantly in the manner of setting regional rules and 
for the process of making the decisions on resource consents. The environmental guidelines have 
been incorporated into regional rules to regulate the maintenance, repair or erection of new barrier 
structures within the beds of rivers and lakes. These are permitted activities providing that the 
conditions listed in the plan and relevant to the rules2 are met. The anticipated environmental result 
of these policies and rules set out in the RRMP are listed in Table 3. 

                                                
1
 41(2)(d) Any structure authorised by a Regional Water Board not requiring a water right that in no way impedes the 

passage of fish 
 
2
 Rules in the RRMP which refer to policy 79 are 63,64,65,66,67,68&69 
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Issue Guideline 

1. Fish passage 
  

The activity should be undertaken in a manner that continues to provide for 
the existing passage of fish past the structure. 

2. Fish  
  

In areas of fish spawning the activity should be undertaken in a manner that 
minimises adverse effects on overall fish spawning patterns. 

3. Bed stability No long term or ongoing acceleration of the rate of erosion or accretion of 
the bed of a river or lake as a result of any activity in a river bed or lake 
bed. 

4. Habitat  
  

Adverse effects on the habitat of aquatic and terrestrial flora and fauna 
within the bed of a river or lake should be avoided, remedied or mitigated. 

5. Flow regimes Adverse effects on natural flow regimes should be avoided where this is 
possible, or remedied or mitigated where avoidance is not possible. 

6.Other activities 
 

There should be no significant adverse effects, including by way of 
structures & destabilisation, on lawful existing structures or activities within 
the bed of a river or lake. 
 
 

Table 2: Guidelines for the management of activities relating to fish passage
3
 

 
Indicator Data Source 

Anticipated Environmental 
Result 

Indicator Data Source 

Fish passage and spawning 
are able to continue despite 
the erection or use of a 
structure or bed disturbance 

Abundance of fish in selected 
locations 

Department of Conservation  
 
HBRC  
 
Fish and Game 

Avoidance, remedy or 
mitigation of adverse 
effects on natural flow 
regimes 

Natural flow regimes Flow monitoring 
programme 

Table 3: Environmental guidelines for river and lake beds  

                                                
3
 Guidelines for the management of activities relating to fish passage can be found in section 5.8 of the RRMP  
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4.0  METHOD 

 

A list of potential fish passage barriers was compiled using a combination of sources. The asset 
management group has spatial information on the culverts that are owned by the Hawke‘s Bay 
Regional Council and this information was mapped on a Geographical Information System (GIS). A 
site assessment was carried out where each of the structures was assessed for the likelihood of 
them to prevent fish from passing upstream of the structure. The Department of Conservation 
supplied information on 19 possible barriers which they had assessed during previous years and 
the information was supplied to be included on the database. In addition to collating existing data, 
a GIS analysis was run to locate potential locations where fish passage could present a problem to 
upstream migration of the fauna. These were selected by using the intercept tool in ArcToolbox to 
overlay the rivers layer with the roads layer and a point location inserted on the map where each of 
these layers met; which is typically where a culvert or ford would be located. Spatial information on 
the location of Regional Council weirs was provided by the hydrology team and was included for 
assessment. In total there are records of 1682 culverts on the asset management register, 39 
storm-water pump stations and 35 weirs. 

4.1 Scope  

Only structures that occurred within permanent waterways were assessed for fish passage. As 
expected, the majority of structures are found in areas where flood control of the storm- water is a 
priority. As such, the culverts were mainly located near urban areas and within the Heretaunga 
plains (Map 1). A total of 181 culverts were found to be in permanent waterways and were 
assessed. 35 weir sites were assessed and 24 storm-water pump stations. Where a location had 
duplicate barriers, each was assessed separately e.g. in the instance where a culvert occurred with 
a weir immediately upstream or downstream both the culvert and the weir were assessed for fish 
passage. 

4.2 Assessment 

Assessment took place over the summer months of 2008 and 2009 when students were available 
to provide assistance for assessment. The structures were assessed by visiting the site and 
completing an in-stream structure assessment form (Appendix 1). The form (modified by Kelly & 
Collier, 2006) allowed the structures to be assessed for barrier type, barrier height, flow 
assessments, in stream habitat and the severity of the barrier preventing fish passage to 
anguilliforms, climbing species, swimming species and jumping species of fish (Appendix 2). In the 
instances where the structure was a culvert, an additional assessment was made on the culvert 
diameter and inflow/outflow characteristics, e.g. assessing whether the inlet or outlet was perched, 
flat or pooled and for the presence/absence of flood gates on culvert outlets. 

4.3 Data Storage 

Structures assessed as being a barrier to upstream and downstream migrations of the fauna were 
marked with GPS coordinates and a form completed with inclusion of a photograph of each of the 
structures.  

Completed forms were input into a Microsoft Office 2007 Access database. The database holds 
information in tables on the locations of the barriers, barrier information, culvert information, fish 
passage restrictions and habitat (Figure 1) 

  

 

 



 

 

 

Figure 1: Tables and relationships for the Fish Barrier Database (extracted from Microsoft Office Access 2007) 

 

 
 



 

 

5.0 RESULTS 

 
A total of 88 structures in 82 separate locations (Map 1) were assessed as preventing the 
upstream and downstream migrations of the fauna. Of these, culverts, storm water pumping 
stations and weirs make up the majority of the structures assessed as causing a barrier to fish 
passage. Bridge aprons, dams, fords and a recently engineered fish pass at Pekapeka Swamp 

Map 1:  Map showing the locations of in-stream structures presenting a barrier to fish passage 
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made up the remaining amount with only 1% of each contributing to the proportion of fish passage 
types (Figure.2). 
 

Figure 2: Types of in-stream structure causing barrier to fish passage in Hawke’s Bay 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Table 4: Table showing severity of barrier to differing fish groups at high, med, low and all flows. 

Structures were assessed for their severity of passage restrictions for groups of species with 
differing climbing abilities (Appendix 2). Table 4 represents the number of structures and their 
severity as a barrier to each of the differing groups of fish‘s climbing abilities at differing flows. 
Anguilliforms have the best climbing ability due to their ability to respire atmospheric oxygen. 
Although anguilliforms have proved to have the best climbing ability of all the species groups, 45 of 
the barriers assessed (51%) were found to be a barrier to them. For the streams with structures 
assessed as being a barrier, flow data showing the minimum/maximum velocities and mean annual 
flow was obtained from sites on the stream network flow-gauged regularly; these results are 
included in Appendix 4. 

5.1 Desktop analysis 

A desktop exercise was conducted to analyse the data obtained from the fish passage evaluations. 
For each of the barrier locations, predicted fish data from Point Click Fish (Joy, 2004) was used as 
an indication of the probability of differing fish species being present above the barrier4.  

The predictive model was then compared with historic observational data acquired through fishing 
surveys between 1995 to present day. By comparing the predicted with the observed values an 
assumption can be made on the presence of the structure being a barrier to fish passage for 
species with a high probability of being found upstream. Data sources of the observational data 

                                                
4 The point-click-fish model was developed by using known fish distributions that were associated with their corresponding catchment 
level geospatial land use, geomorphologic, and climatic data in a geographical information system (GIS) to predict fish occurrence in 
Hawke‘s Bay (Joy, 2004) 

 Number of Instream structures presenting a barrier 

Restricts 
Anguilliforms 

Restricts 
Climbers 

Restricts 
Swimmers 

Restricts 
Jumpers 

All flows 45 51 59 58 

High flows  2 4 12 1 

Mediums flows 6 4 6 12 

Low flows 9 11 22 19 
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CATCHMENT # 231.530 231.530 231.530 229.000

Barrier location ID 1 3 4 8

species code common name predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species

ANGAUS shortfinned eel 0.7714 0 1 TRUE 0.82865 1 1 FALSE 0.93225 1 1 FALSE 0.55162 1 1 FALSE

ANGDIE longfinned eel 0.88353 0 1 TRUE 0.91489 1 1 FALSE 0.98542 1 1 FALSE 0.94191 1 1 FALSE

GALMAC Inanga 0.1894 0 0 FALSE 0.40919 0 0 FALSE 0.3806 0 0 FALSE 0.50092 1 1 FALSE

GOBCOT Common bully 0.85787 0 1 TRUE 0.89004 0 1 TRUE 0.98418 0 1 TRUE 0.72754 0 1 TRUE

RETRET Smelt 0.63949 0 1 TRUE 0.55483 0 1 TRUE 0.038371 0 0 FALSE 0.034856 0 0 FALSE

SALTRU Brown trout 0.11082 0 0 FALSE 0.073692 0 0 FALSE 0.001684 0 0 FALSE 0.72444 0 1 TRUE
year of observation 2009 2009 2009 2009

CATCHMENT # 251.530 231.516 231.516 231.516

Barrier location ID 11 14 15 16

species code common name predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species

ANGAUS shortfinned eel 0.47765 1 0 FALSE 0.57649 1 1 FALSE 0.57735 1 1 FALSE 0.47931 1 0 FALSE

ANGDIE longfinned eel 0.83521 1 1 FALSE 0.79905 1 1 FALSE 0.81409 1 1 FALSE 0.84636 1 1 FALSE

GALMAC Inanga 0.18526 0 0 FALSE 0.1544 1 0 FALSE 0.15046 1 0 FALSE 0.16157 1 0 FALSE

GOBCOT Common bully 0.61696 0 1 TRUE 0.64175 0 1 TRUE 0.63644 0 1 TRUE 0.6457 0 1 TRUE

RETRET Smelt 0.43704 0 0 FALSE 0.45778 1 0 FALSE 0.43575 1 0 FALSE 0.29151 1 0 FALSE

SALTRU Brown trout 0.16575 0 0 FALSE 0.099753 0 0 FALSE 0.098802 0 0 FALSE 0.07149 0 0 FALSE

year of observation 2009 2004 2004 2004

CATCHMENT # 231.516 231.516 231.533 231.511

Barrier location ID 18 19 21 25

species code common name predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species

ANGAUS shortfinned eel 0.47931 1 0 FALSE 0.47931 1 0 FALSE 0.95424 1 TRUE 0.8934 1 1 FALSE

ANGDIE longfinned eel 0.84636 1 1 FALSE 0.84636 1 1 FALSE 0.98328 1 TRUE 0.9751 1 1 FALSE

GALMAC Inanga 0.16157 1 0 FALSE 0.16157 1 0 FALSE 0.10397 0 FALSE 0.52035 0 1 TRUE

GOBCOT Common bully 0.6457 0 1 TRUE 0.6457 0 1 TRUE 0.99605 1 TRUE 0.98505 0 1 TRUE

RETRET Smelt 0.29151 1 0 FALSE 0.07149 1 0 FALSE 0.3029 0 FALSE 0.029333 0 0 FALSE

SALTRU Brown trout 0.07149 0 0 FALSE 0.045898 0 0 FALSE 0.009916 0 FALSE 0.004103 0 0 FALSE

year of observation 2004 2004 1996 2009

CATCHMENT # 229.000 229.000 218.260

Barrier location ID 26 46 53

species code common name predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species predicted observed

probability

>0.5

Barrier to 

species

ANGAUS shortfinned eel 0.44967 1 0 FALSE 0.24634 1 0 FALSE 0.010881 0 0 FALSE

ANGDIE longfinned eel 0.93461 1 1 FALSE 0.97208 1 1 FALSE 0.88789 0 1 TRUE

GALMAC Inanga 0.065729 1 0 FALSE 0.29968 0 0 FALSE 0 0 0 FALSE

GOBCOT Common bully 0.29276 0 0 FALSE 0.003758 0 0 FALSE 0.002088 0 0 FALSE

RETRET Smelt 0.026335 0 0 FALSE 0.012477 0 0 FALSE 0.20861 0 0 FALSE

SALTRU Brown trout 0.92422 0 1 TRUE 0.82083 0 1 TRUE 0.12705 0 0 FALSE

year of observation 2009 2009

came from the NIWA freshwater fish database, from surveys conducted by HBRC, DOC, NIWA 
and through recent survey data collected by MWH consultants. 

Of the 82 locations, 34 had observational data and could be compared with the point-click-fish 
predictive model. By looking at the comparisons, 15 of the locations (44%) were found to present 
an issue for fish passage (Table 5). If either eel species was observed, both species were recorded 
as present due to their similarities in their climbing ability. In the instances where there was a 
greater probability that fish would be present upstream and where observations did not detect the 
species, the barrier to species column would return a value of ―TRUE‖.  From the species present 
in the Hawke‘s Bay region, it was found that the structures analysed could pose a problem for 
passage upstream for longfinned and shortfinned eels, common bully, inanga, common smelt and 
brown trout. 

Table 5: Table showing predicted fish distributions versus observed data
5
 

                                                
5 The probability column presents the results in a binary format, e.g. where there is greater than a 50% chance of finding the fish species 

upstream it is represented by the symbol ―1‖. 
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5.2  Barrier Ranking 

Structures on the database were ranked using an adaptation to the method applied by Kelly and 
Collier (2006). Only structures that were located on the River Environments Classification (R.E.C) 
network (Snelder et al, 2004) and that presented a barrier to any of the species were ranked. The 
criteria used for the ranking and the weightings applied to the criteria are listed below; 
 
Restricts passage to anguilliforms (v1) (weighted by 3) { 
Restricts passage to climbers        (v2) (weighted by 3)  { High Flows  = 1  
Restricts passage to jumpers         (v3) (weighted by 2) { Low  Flows  = 2 
Restricts passage to swimmers     (v4)          (weighted by 1) { All    Flows   = 3 
 
Severity (V1) = (v1*3)+(v2*3)+(v3*2)+(v4*1)  (Weighted by 5)  

4 
 

Inland Distance (V2)  (Weighted by 4) 
 

>50 km  = 1 
11-49 km  = 2 
0-10 km  = 3 

 
 

Upstream Network Length (V3) (Weighted by 3) 
 
 0-10 km  = 1 
 11-49 km = 2  
 >50 km  = 3 

 
% Upstream Indigenous Forest Cover (V4) (Weighted by 2) 
 
 0-10   = 1 
 11-49  = 2  
 >50  = 3 
 
No. of barriers upstream of the structure (V5) (Weighted by 1) 
 
 >1   = 1 
 1  = 2  
 0  = 3 
 
 
 
The calculated score for each of the structures is the sum of the weighted criteria as follows: 
 
Score = (V1*5)+(V2*4)+(V3*3)+(V4*2)+(V5*1) 
 
The barriers with the highest calculated score received the highest ranking and so have the highest 
priority for remediation works based on the selected criteria. A list of the barriers and their rankings 
are included in Appendix 5. This information can be filtered to a catchment scale to show the 
highest ranking structures for remediation per river catchment, allowing structures to be ranked by 
river catchment to prioritise remediation works at a catchment scale (Appendix 6). The Clive River 
catchment has the highest number of structures with 34 of the barriers being located within it. 
Many of these are culverts designed and engineered to act as flood control for draining these low 
lying areas. Due to this, the upstream network length and the potential available habitat for fish 
species are small so the priority to remediate these structures is considerably lower than the 
structures which are on waterways with a larger upstream network length. The weirs on the 
Awanui, Maraetotara, Paritua, Managarau, Tukipo and Poukawa waterways have been identified to 
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pose a severe restriction to the passage of fish and should be replaced with a more fish friendly v- 
notch weir to improve this. This may prove to be difficult for the Maraetotara and the Tukipo weirs 
as the structures are extensive but fish passage could be achieved by addition of an engineered 
fish pass at these structures. It is also important to note that when fish passes are engineered that 
fish are shown the pathway to overcome the obstacle. Directing flows toward the entrance of the 
fish pass to provide cues for the fish to access and surmount the obstacle is one way to ensure 
effective passage. 
 
By manipulating the fish barrier database the highest priority culverts and weirs can be indentified 
and are included in Tables 6 and 7 
 
 

Table 6: Top 5 ranked weirs 

 
 

Table 7: Top 5 ranked culverts 

Barrier 
ID 

Easting Northing Stream Main 
Catchment 

Sub 
Catchment 

Structure Rank 

26 2836713 6166661 Irongate 231.000 231.518 weir 1 

43 2846301 6153340 Maraetotara 233.000 233.000 weir 1 

87 2794733 6132384 Tukipo River 232.000 232.120 weir 2 

44 2847243 6154427 Maraetotara 233.000 233.000 weir 3 

5 2835637 6161282 Awanui 231.000 231.530 weir 6 

Barrier 
ID 

Easting Northing Stream Main 
Catchment 

Sub 
Catchment 

Structure Rank 

47 2846688 6198827 Pakuratahi 
Stream trib 

227.000 227.010 culvert 1 

46 2846604 6198578 Pakuratahi 
Stream Trib 

227.000 227.010 culvert 5 

1 2829242 6161429 Awanui 231.000 231.530 culvert 9 

13 2833841 6160572 Awanui 231.000 231.530 culvert 10 

70 2793500 6162700 Ohara Trib 231.000 231.142 culvert 11 
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6.0 DISCUSSION 

Poorly designed culverts, storm water pump stations and older gauging weirs are the main barriers 
to fish passage in the Hawke‘s Bay region totalling 55%, 20% and 16% respectively of the total 
proportion of in-stream structures assessed. Many of the culverts are perched higher than the 
water‘s surface level causing an extreme barrier and many of them also have been fitted with flood 
gates at their outlets to act as a regulator of flood flows. Unfortunately the culverts visited had their 
flood gates down so were a complete barrier to fish passing either upstream or downstream. In 
addition to this, pump-stations designed for flood defence and storm water control also become an 
absolute barrier to fish of all climbing abilities.  
 
It is possible to mitigate the severity of the in-stream structures being a barrier to fish species. 
Culverts with resource consents should be checked to ensure that they do not present a barrier to 
fish passage. Perched culverts can be lowered to the level of the natural stream bed which 
maintains a more natural flow regime through the culvert and slows the velocities of the water, 
making it easier for fish to negotiate. Typically the culvert diameter should be the width of the 
stream to prevent the constriction of water through the culvert and mitigate increased water 
velocities. Culverts with corrugated sides are generally better for fish passage than smooth 
concrete sides as they can create a more natural habitat with slower and faster areas of water 
movement, although climbing species of fish prefer a smooth surface for them to climb at the 
wetted margin of the culvert wall. In addition, baffles can be retrofitted to the insides of culverts to 
provide resting areas for the smaller fish species to stop and rest while negotiating the culvert. 
Perched culverts in the Waikato have been retrofitted with nylon rope which passes through the 
culvert to the streams surface. This has proved to be successful in providing upstream passage 
through culverts for species of fish with good climbing ability (David, 2010).This is not ideal for all 
species of fish and would only be an option for species with good climbing abilities such as koaro, 
banded kokopu, shortjaw kokopu, etc. 
 
Weirs that are a barrier to fish passage could be replaced with a v-notched weir which is lowered in 
the middle to provide easier passage for fish to migrate past. Notch shape has a significant effect 
on common bully passage, with fish negotiating the v-notch weir more easily than the rectangular 
or circular weirs. There is no real effect of notch shape on adult inanga passage, although juvenile 
inanga are restricted by a wide rectangular weir (Baker, 2003).  
 
Flood and tide gates can also be a substantial obstacle for fish to migrate through especially during 
the periods when they are closed on the high tide or during high flows. There is a company in New 
Zealand that designs and retrofits fish friendly gates which can be retrofitted to existing tide gates. 
These ‗fish friendly designs‘ work by a simple ball-cock mechanism. This can be easily attached to 
existing structures. As well as enabling fish passage, the fish-friendly gate would allow more 
natural water flow conditions behind the gates, improving water quality and enhancing conditions 
for fish. It would be beneficial to trial these in the Hawke‘s Bay region where there are many of 
these gates. The design and retrofitting of these gates costs around $3000. 
 
It is important to look at the availability of the upstream habitat for fish when setting the priorities for 
management and mitigation of in-stream structures. Off-channel habitats such as wetlands and 
backwaters are important for the productivity of river systems and for many species of native fish 
(Lyon et al, 2010). The small proportion of forested land cover within the main river catchments 
and the extent of wetland loss throughout the region is a major factor in determining fish 
distributions and healthy fish communities. Banded kokopu are selective of the habitat that they 
require for differing life stages, their whitebait preferring small lowland forested streams (Macdowell 
1990). This explains why banded kokopu are rarely found in fishing surveys within the Hawkes Bay 
region and also explains why they are present in the Pakuratahi Stream, in the Te Ngaru 
catchment where 29% of the catchment remains in forested cover. From information gathered by 
fishing surveys on the Awanui River, located in the Karamu catchment, there is a definite decline in 
the number of species and the fish community upstream of the gauging weir. This weir is over one 
metre in height and experiences high flows over it making it impossible for even the best climbing 
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species of fish to negotiate.  Weirs can also be a barrier at low flows due to them presenting as a 
complete wall for fish to climb.  
 
However, when managing these barriers we must look at the potential for fish species to access 
suitable habitat for feeding and reproduction. Female torrent fish migrate between the upper 
reaches of the rivers and the lower reaches to spawn and need to have a direct pathway for 
spawning (Tana, 2009). The torrent fish distribution throughout Hawkes Bay is very good with them 
being present at many of the sites fished. The elevation range of different fish species also 
determines whether they have a good climbing ability. As fish move upstream in a migration the 
fish communities change with habitat preferences. Blue gilled bully, torrentfish and longfinned eel 
juveniles can typically be found in the same habitats, inhabiting the fast flowing upland 
gravel/boulder streams and rivers reflecting their similar, excellent climbing abilities. Redfinned 
bully, koaro, shortjaw kokopu and banded kokopu can also typically be found in the same 
communities which are reflected by their climbing abilities (Jowett and Richardson, 2003). 
Redfinned bully and banded kokopu are not well represented in Hawke‘s Bay which is probably 
better explained by their preference of small forested streams rather than the presence of any 
barriers preventing their passage. Shortfinned eels prefer slow moving waterways with a muddy 
substrate. The Pump stations in the drains and streams around the Heretaunga plains are a 
complete barrier for most fish but the shortfinned eels are able to leave the water and move around 
these structures so they are not impeded by these. They do however stop other species from 
penetrating inland such as inanga; although distributions of inanga are high and spawning sites are 
available for inanga within the Clive, Tukituki Porangahau and Wairoa catchments. 
 
Upland bully are non migratory and prefer the pool margins and shallows of upland gravel and 
boulder rivers. The presence of barriers downstream of upland bully, crans bully and dwarf galaxiid 
sites may be beneficial in preventing exotic species from colonising their habitat. The presence of 
barriers downstream of an important fish community can then be used as a management tool to 
ensure that there is no migrant exotic fish, such as trout, able to reach their habitat and so 
predation and habitat loss can be prevented. 
 
This research has highlighted the known barriers to fish passage on public land within Hawkes Bay 
and has provided a methodology for these structures to be ranked for prioritisation of remediation 
works. It is important to note there are  limitations to the assessment; due to the fact that the 
structures are only located on public land, there is potentially many more structures within 
commercial forestry operations and on private land which have not yet been identified. This will be 
addressed in the next stage of the project to build a more complete picture of the extent of fish 
passage restrictions throughout the region. It may prove difficult to gain access to these areas and 
to obtain permission from landowners to assess, especially for historic structures where the 
ownership has changed. This may prove to be too difficult to obtain this information and receive 
―buy-in‖ from the landowners.  
 
As well as limitations to the scope of the assessment there are also limitations with the ranking 
methodology due to the criteria used in the ranking process. Structures are not ranked on their 
physical dimensions, such as perch height, barrier height, culvert diameter etc, so the methodology 
provides more of a spatial prioritisation based on the criteria selected. A further assessment should 
be conducted when prioritising for management by looking at these physical attributes and 
selecting these structures accordingly.  
 
Many of the storm water pump stations ranked highly from the ranking process and this is likely 
due to the fact that they are a complete barrier to all climbing abilities of fish. In addition they are 
located close to the sea, a criteria selected for the ranking process. Their locations are due to their 
primary function of acting as flood control for the low lying areas in the Heretaunga Plains. 
Unfortunately, at present fish passage cannot be improved upstream of these pump stations as the 
structures are extensive and erecting fish passes would not be feasible. It is important to include 
them in the ranking process to highlight the severity of fish passage restriction that they pose to 
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native fish. By including them in the database the information can be used to make decisions to 
remediate structures in catchments that do not have pump stations located on them. 
 
In conclusion, the presence of in stream structures within waterways is not the only factor 
explaining fish distributions within Hawkes Bay. Observational data is limited and to gain a 
complete understanding of the presence of these structures shaping the fish communities 
additional sampling upstream of these structures is needed.   
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Appendix 1 – In-stream structures evaluation sheet 

 

EVALUATION SHEET FOR FISH PASSAGE 
 

Date   Observer  

Organisation   

Stream 
Name 

 

Catchment  

Access:  
 
 

 

Coordinates E                                   N                                     

    

Photograph No:  Upstream _____      Downstream _____   
 

Type of Barrier:        A: Waterfall     Height (m)  _____  Width (m) _____  

  B: Weir      Height (m)  _____  Width (m) _____  

  C: Dam       Height (m)  _____  Width (m) _____ 

  D: Culvert       

 

D (a) Type:    Circular/oval     Rectangular   Trapezoidal     
Height (m)  _____     Width (m) _____ Slope (m) ______ 
 

D (b) Materials:   Smooth metal    Corrugated   Smooth concrete   Rough concrete 
 

D (c)  Inlet:      Flat     Pooled              Perched             
 

D (d)  Outlet:      Flat     Pooled              Perched             
 

 

E:Other(state): ________________________________________________________________ 

 

 
Likelihood to restrict fish passage: 
 

Anguilliforms: High Flow    Medium Flow  Low Flow  All Flows   

Climbers:  High Flow    Medium Flow  Low Flow  All Flows  

Jumpers:  High Flow    Medium Flow  Low Flow  All Flows  

Swimmers:  High Flow    Medium Flow  Low Flow  All Flows  
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Stream Substrate: 
 
Silt              Gravel  Pebbles   Cobbles           Boulders_____ 
 

 

Stream Width (m) 

 

0-0.5    0.5-1  1-2   2-3   3-4   4-5  5-6  6-7  7 & over  

 
Water Flow at inspection:  

 

High Flow   Medium Flow  Low Flow     

 
Bank Erosion: 

 

Upstream      Yes   No  

Downstream  Yes   No  

 
 

 

Comments: 

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________________________________________

_______________________________________________________ 
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Appendix 2 Swimming abilities of various New Zealand freshwater fish species (Boubee et al. 1999) 

 

Swimming ability classification  Species 
  

Anguilliforms  

• Ability to move through small spaces Shortfinned eels, Longfinned eels, Juvenile 

• Move both in and out of the water Kokopu and Koaro (to a limited extent) 

• Can respire atmospheric oxygen if  

skin remains damp  

  

Climbers  

• Climb wetted margins of waterfalls, Lamprey, Elvers (juvenile eels), Juvenile 

rapids, spillways Kokopu species, Juvenile Koaro, Juvenile 

• Adhere to substrate using surface common and redfinned bullies (to a limited 

tension and may use pectoral or pelvic extent) 

fins  

  

Jumpers  

• Ability to leap using wave momentum Trout, Salmon, Smelt and Inanga (to a very 

at rapids and waterfalls limited extent) 

  

Swimmers  

• Primarily swim to move around or past Inanga, Smelt, Grey mullet 

obstacles  

• Rely on low velocities of flow to rest  

• Ability to burst swim to get through  

small areas of high velocity water  
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Appendix 3 – Landcover classes and their descriptions 

 

54 Broadleaved Indigenous Hardwoods: 

Typically found in high rainfall areas associated with Low Producing Exotic Grassland in hill 
country throughout New Zealand. However. the class also includes low-growing, coastal 
broadleaved forest. Characteristic is the presence of a mix of broad-leaved, generally seral 
hardwood species, such as wineberry (Aristotelia serrata), mahoe (Melicytus ramiflorus), 
Pseudopanax spp., Pittosporum spp., Fuchsia spp., ngaio (Myoporum laetum), and titoki 
(Alectryon excelsus), together with tutu (Coriaria spp.) and tree ferns. The presence of this class 
usually indicates an advanced successional stage back to indigenous forest. Canopy height 
ranges from 3 - 10m. 

62 Afforestation (not imaged): 

Areas of pinus radiata forest not visible in the satellite imagery, but identified during the 
field-checking phase, or because of contextual patterns associated with forest establishment, e.g. 
roading and firebreaks. Because this class is identified in a random fashion, it contains a larger 
error than classes identified on the images, i.e. the true area of new afforestation is likely to be 
larger than assessed. 

63 Afforestation (imaged and post-LCDB 1): 

Areas of Pinus radiata forest visible in the imagery and located on sites recorded as nonforested 
in LCDB 1. These areas represent young forests that were not visible in the 1996 / 97 imagery 
used for LCDB 1 or have been planted since. Young plantations are identifiable in satellite 
imagery 4-5 years after planting, depending on initial stocking. 

65 Pine Forest - Open Canopy: 

Plantations of Pinus radiata showing significant reflectance of understorey land cover. The 
reflectance values for stand biomass and pine canopy indicate that trees are in an age class of 
approximately 6 - 15 years. 

66 Pine Forest - Closed Canopy: 

Plantations of Pinus radiata where reflectance is dominated by the pine canopy. Reflectance 
values for stand biomass and shadow from canopy texture indicate that trees are likely to be 
older than 15 years. The purpose of this class is to highlight stands likely to be harvested within 
10 - 15 years of the image date. 

67 Other Exotic Forest: 

Exotic forest consisting of conifers other than Pinus radiata, such as Douglas fir, macrocarpa, and 
larch, or evergreen broad-leaved species, such as Acacia and Eucalyptus. This class also 
includes stands of wilding pines (i.e. usually Corsican, Contorta and Ponderosa Pine), as far as 
they are identifiable in the satellite imagery, i.e. stands are dense/tall enough to show a distinct 
signature. 
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Stream Name Hilltop Site

min velocity 

(m/sec)

max velocity 

(m/sec)

Gauged 

Flow Range 

(l/s)

Flow record

mean annual flow 

(l/s) Comment

Awanui Awanui Stream at Flume 0.022 0.646 38.7-34864 799

Poukawa Poukawa Stream at Douglas Rd 0.007 0.934 2-3879 204

Karituwhenua Karituwhenua Stream at Napier Road 0.005 0.24 0-171 NA

Karituwhenua Karituwhenua Stream U/S School Foot Br - 0.45 252 NA high flow gauging only

Taipo Stream Taipo Stream at Church Road 0.02 0.644 4-1847 NA

Muddy creek Muddy Creek at State Highway 2 0.021 0.426 54-2070 NA 3 gaugings

Louisa Louisa Stream at Te Aute Road 0.016 0.297 12-132 NA

Karewarewa Karewarewa Stream at Turamoe Road 0.03 0.881 10-27346 469

Karewarewa Karewarewa Stream at Paki Paki 0.023 0.535 2-739 NA

Irongate Irongate Stream at Clarkes Weir 0.051 0.533 33-3110 392

Awahou Awahou Stream at Estella Orchard 0.022 0.445 13-1343 NA

Ruahapia Ruahapia Stream at Show Grounds 0.047 0.29 5.7-62.4 NA

Wainui NA NA NA NA NA

Whanaukini trib NA NA NA NA NA

Kaikora stream NA NA NA NA NA

Mangarau Mangarau Stream at Drop Structure 0.044 1.38 1-2233 75

Puhokio Puhokio Stream at Allens Bridge 0.066 1.3 54-55469 605

Maraetotara Maraetotara River at Waimarama Road 0.106 1.26 264-444600 1112

Pakuratahi Stream Pakuratahi Stream at Forest Glade 0.042 1.38 21-2971 45

Georges drain

Georges Drive Drain at Marewa Pump 

Stn - 0.382 ?-1204 NA high flow gauging only

Paritua Stream

Paritua Stream at Control 

Gate&Paritua Stream at Water Wheel 0.039 0.607 20-1094 230 annual is provisional

Poutaki Stream NA NA NA NA NA

Inangatahi Stream Inangatahi Stream at Potter Road - 0.202 ?-132 NA Mohaka Catchment?

Pakatutu Rd Creek NA NA NA NA NA

Pakatutu Stream NA NA NA NA NA

Ohara Stream Ohara Stream at Big Hill Road 0.239 0.503 527-2094 NA

Ohara Stream Ohara Stream at Te Katata 0.296 1.01 428-4474 NA

Upokororo range of site U/S & D/S 0.065 0.404 8-81 NA

scattered gaugings on 

the Upokororo reach

Mangamate 

stream

Mangamate Stream at State Highway 

50 0.03 0.868 5-1958 NA

Ohara Trib NA NA NA NA NA

Poporangi trib NA NA NA NA NA

Plantation Drain NA NA NA NA NA

Purimu Drain range of site U/S & D/S 0.032 0.592 Jan-46 NA

County Drain NA NA NA NA NA

Ahuriri Est. trib NA NA NA NA NA

Brookfields drain NA NA NA NA NA

Waverley drain Waverly Road Stream at Tannery Road - 0.494 1192 NA 1 gauging

Arnold drain NA NA NA NA NA

Hohepa NA NA NA NA NA

East Clive drain NA NA NA NA NA

Puninga drain NA NA NA NA NA

Mission&Awatoto 

drains NA NA NA NA NA

Tukipo River 0.043 3.27 78-298800 1555

Appendix 4 – Min/max velocities and average annual flow 
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Appendix 5 – Ranking of Structures within the Hawke’s Bay Region 

 

Barrier 
ID 

restricts 
passage to 

Anguilliforms 

restricts 
passage to 
climbers 

restricts 
passage to 

jumpers 

restricts 
passage to 
swimmers 

US NETLENGTH 
(km) US_BAR_CNT 

% 
forest_US 

Distance 
inland 
(km) Score rank 

8 All Flows All Flows All Flows All Flows 38.9 1 0.00 0.67 56 1 

26 All Flows All Flows All Flows All Flows 54.7 0 0.00 30.31 56 1 

43 All Flows All Flows All Flows All Flows 68.9 0 1.25 25.24 56 1 

47 All Flows All Flows All Flows All Flows 46.5 1 0.00 1.28 56 1 

73 All Flows All Flows All Flows All Flows 20.8 2 0.00 1.54 55 1 

44 All Flows All Flows All Flows All Flows 89.6 1 1.06 21.47 55 5 

75 All Flows All Flows All Flows All Flows 2.4 0 0.00 4.06 54 6 

76 All Flows All Flows All Flows All Flows 2.9 0 0.00 4.60 54 6 

77 All Flows All Flows All Flows All Flows 2.5 0 0.00 3.17 54 6 

83 All Flows All Flows All Flows All Flows 4.5 0 0.00 2.41 54 6 

84 All Flows All Flows All Flows All Flows 6.1 0 0.00 5.19 54 6 

86 All Flows All Flows All Flows All Flows 10.7 0 0.00 4.90 54 6 

49 All Flows All Flows All Flows All Flows 2.4 0 0.00 4.19 54 7 

72 All Flows All Flows All Flows All Flows 9.9 0 0.00 2.55 54 7 

46 All Flows All Flows All Flows All Flows 2.4 0 0.00 1.15 54 7 

12 All Flows All Flows All Flows All Flows 163.9 3 0.60 34.88 54 7 

5 All Flows All Flows All Flows All Flows 442.9 12 0.00 30.26 54 7 

74 All Flows All Flows All Flows All Flows 9.1 1 0.00 3.37 53 18 

13 All Flows All Flows All Flows All Flows 15.2 0 0.43 33.96 53 18 

11 No All Flows All Flows All Flows 11.4 2 0.00 4.90 51 20 

52 All Flows All Flows All Flows All Flows 1.3 0 0.00 46.11 50 20 

54 All Flows All Flows All Flows All Flows 0.3 0 0.00 45.95 50 21 

31 All Flows All Flows All Flows All Flows 0.5 0 0.00 14.98 50 21 
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Barrier 
ID 

restricts 
passage to 

Anguilliforms 

restricts 
passage to 
climbers 

restricts 
passage to 

jumpers 

restricts 
passage to 
swimmers 

US NETLENGTH 
(km) US_BAR_CNT 

% 
forest_US 

Distance 
inland 
(km) Score rank 

35 All Flows All Flows All Flows All Flows 3.3 0 0.00 19.99 50 21 

14 All Flows All Flows All Flows All Flows 4.6 0 0.00 26.06 50 21 

15 All Flows All Flows All Flows All Flows 5.0 0 0.00 26.06 50 21 

16 All Flows All Flows All Flows All Flows 0.1 0 0.00 26.65 50 21 

22 All Flows All Flows All Flows All Flows 1.5 0 0.00 30.32 50 21 

41 No All Flows All Flows All Flows 13.8 0 0.70 22.28 49 29 

1 No All Flows All Flows All Flows 47.0 0 0.00 38.88 49 29 

69 All Flows All Flows All Flows All Flows 17.8 0 0.74 111.24 49 31 

23 All Flows All Flows All Flows All Flows 1.5 1 0.00 30.32 49 31 

19 All Flows All Flows All Flows All Flows 1.5 1 0.00 29.03 49 31 

48 High Flows High Flows All Flows All Flows 3.5 0 0.00 4.40 46 34 

25 No All Flows All Flows All Flows 5.8 0 0.00 28.89 46 35 

17 Low Flows, All Flows All Flows All Flows 0.8 0 0.00 26.78 46 35 

70 All Flows All Flows All Flows All Flows 3.5 0 3.28 87.61 46 37 

61 All Flows All Flows All Flows All Flows 3.4 0 2.68 118.15 46 37 

65 All Flows All Flows All Flows All Flows 6.5 0 0.00 90.07 46 37 

66 All Flows All Flows All Flows All Flows 2.8 0 0.00 121.34 46 37 

68 All Flows All Flows All Flows All Flows 0.4 0 0.00 116.31 46 37 

37 All Flows All Flows All Flows All Flows 0.7 0 0.00 70.09 46 37 

67 No All Flows All Flows All Flows 2.5 0 17.06 91.88 44 43 

21 Low Flows, High Flows All Flows All Flows 22.3 0 0.00 29.32 44 43 

20 Low Flows, All Flows Low Flows All Flows 1.4 0 0.00 29.03 42 45 

2 Low Flows Low Flows Low Flows Low Flows 47.0 0 0.00 38.88 42 46 

28 All Flows High Flows Low Flows All Flows 4.4 0 0.00 12.03 41 47 

7 No Low Flows Low Flows Low Flows 38.9 5 0.00 0.67 41 47 

53 No No All Flows All Flows 0.9 0 20.56 46.39 41 49 
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Barrier 
ID 

restricts 
passage to 

Anguilliforms 

restricts 
passage to 
climbers 

restricts 
passage to 

jumpers 

restricts 
passage to 
swimmers 

US NETLENGTH 
(km) US_BAR_CNT 

% 
forest_US 

Distance 
inland 
(km) Score rank 

62 Don't know Low Flows All Flows All Flows 2.0 0 0.00 59.68 40 50 

45 No All Flows Low Flows Low Flows 0.7 0 0.00 14.43 39 51 

3 Low Flows Low Flows Low Flows Low Flows 0.3 0 0.00 34.98 39 51 

38 No Low Flows Low Flows All Flows 38.3 1 2.73 65.45 38 53 

39 Low Flows Low Flows Low Flows Low Flows 37.4 0 2.73 65.68 38 54 

24 Low Flows, Low Flows Low Flows All Flows 158.2 1 1.14 41.68 37 55 

32 Low Flows High Flows High Flows All Flows 1.3 0 0.00 14.41 36 56 

87 No High Flows Low Flows Low Flows 146.5 0 5.13 103.08 36 57 

58 No No All Flows All Flows 4.1 0 0.00 85.58 35 58 

40 No Low Flows No Low Flows 131.2 0 0.76 41.80 35 58 

9 No No Low Flows Low Flows 9.4 1 0.00 8.75 34 60 

10 No No Low Flows Low Flows 9.4 1 0.00 8.75 34 60 

4 No High Flows Low Flows High Flows 95.4 2 0.00 32.02 34 62 

63 Don't know Don't know All Flows All Flows 4.0 1 0.00 58.42 34 63 

27 No High Flows High Flows All Flows 9.7 0 0.00 17.35 34 63 

59 High Flows High Flows High Flows All Flows 3.9 0 0.00 90.81 31 65 

6 No No Low Flows High Flows 14.4 0 0.00 17.86 30 66 

57 No No Low Flows Low Flows 15.5 0 0.00 106.19 30 67 

50 No High Flows Low Flows Low Flows 4.6 0 0.00 50.27 30 68 

36 No High Flows High Flows High Flows 26.6 0 0.00 16.27 29 69 

33 No High Flows No High Flows 148.5 1 0.66 37.84 27 70 

29 No High Flows No Low Flows 2.7 0 0.00 12.11 26 71 

64 No No High Flows High Flows 6.5 1 0.00 90.07 19 72 
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Appendix 6 – Ranked Barriers per River Catchment 
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Appendix 7 – Percentage of forested landcover classes in the River Catchments of Hawkes Bay 
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