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Abstract 
Richardson, J.; Jowett, I.G. (2005). Restoring streams for freshwater fish. 
NIWA Science and Technology Series No. 53. 55 p. 
 
This document provides an overview of factors to consider when restoring streams for freshwater fish 
communities. The fish community present in a stream depends on the location and physical characteristics 
of that stream. In some streams, environmental values might be enhanced by increasing species diversity or 
by increasing fish numbers. This might be achieved by habitat improvement or by excluding unwanted 
species. 
 
Twelve commonly occurring fish communities were identified using selected records from the New 
Zealand freshwater fish database. The data selection criteria meant that the analysis applied only to 
communities that occur in flowing water habitats. Relationships between the fish communities and various 
environmental variables, e.g., the site location, were examined to determine which variables were 
associated with each community. This allowed us to build models that could be used to predict the fish 
community in a particular stream from the physical attributes of that stream. 
 
Our analysis showed that site location and stream morphology were two of the most important determinants 
of fish community composition. Restoration strategies must take these into account and direct activities 
toward enhancing the appropriate physical features for the most likely fish community. For example, 
streams that are well inland are not appropriate habitats for some of the diadromous communities simply 
because they are too far from the sea. Other important features include access, water quality and, in some 
cases, the effects of catchment land use on stream morphology. 
 
The fish communities and their associated environmental variables are presented in this document, along 
with other important features that must be considered in restoration projects. Generally, the requirements of 
the indicator species of each community are used as the target for restoration ideas. In addition to results 
from our analysis, we have incorporated photographs and information from books and other publications to 
formulate appropriate strategies for fish community restoration projects. Results from an active restoration 
project are included, highlighting some valuable lessons. 

Introduction 
Stream restoration projects are initiated for a variety of reasons, such as bank stabilisation, water 
quality improvement, or the enhancement of biodiversity values. These activities are not necessarily 
mutually exclusive, and supplementary objectives can often be achieved by including other relatively 
simple activities. This document provides an overview of factors to consider when restoring streams 
for freshwater fish communities. These factors might be the primary activities in a restoration project, 
be already included because they achieve other objectives, or be added to improve fish communities. 
For example, the exclusion of livestock from stream banks and subsequent growth of grass swards 
improves bank stability and water quality. However, the addition of vegetation that would overhang 
the stream could also provide cover for certain fish communities while stabilising the banks and 
partially shading the stream.  
 
New Zealand has a sparse and unusual freshwater fish fauna. There are fewer than 40 native species, 
and many of these are found nowhere else in the world. Although most people have heard of eels and 
whitebait, many of the other species are small, cryptic, and seldom seen during the day. However, they 
all contribute to the unique biodiversity of New Zealand�s fresh waters. Some species have extremely 
restricted distributions and are confined to just one or two river systems. Others have an obligatory 
marine phase in their life cycle (diadromous) and are therefore widely dispersed around the country, 
although their ability to penetrate inland dictates their distribution patterns. Generally, lower reaches 
of rivers and streams contain the greatest variety of native species. 
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In addition to the native fauna, there are about 20 or so introduced fish species. Some, like gambusia 
(mosquitofish), were imported with good intentions, but are now universally regarded as being pest 
species (Baker et al. 2004). The salmonid species, particularly brown trout, have become quite 
widespread and support highly regarded and popular sports fisheries. However, some researchers 
believe that trout have reduced the abundance of some native species (Crowl et al. 1992, McIntosh 
2000). 
 
Despite the relatively low number of species, the fish fauna of New Zealand has evolved to inhabit the 
variety of water types available here. Some species reside in lakes, some in wetlands, some are usually 
found in small bush streams, and others in gravel-bed rivers. At a smaller scale, some species like 
swiftly flowing water, whereas others prefer still water or areas with little current. Cover (shelter from 
predators and water current) is an important consideration for many species, but some use the substrate 
(rocks and stones) as cover, whereas other species are usually associated with undercut banks or 
overhanging vegetation. A few species, such as juvenile longfin eel, are generalists and can use a 
variety of habitats. 
 
Human activities have greatly altered most of New Zealand�s waterways, creating potential problems 
for the fish fauna. Many of our major rivers have been dammed for hydroelectric power generation or 
domestic water supplies, effectively blocking upstream access for the diadromous species. However, 
many people don�t realise that even a poorly designed culvert on a farm track can also prevent access 
for many species. The conversion of wetlands and native forests into farmland can potentially alter a 
river�s flow regime, cause erosion, and reduce water quality by increasing water temperatures and soil 
run-off. Livestock cause problems by trampling stream banks, and rural pollutants like pesticides, 
fertilisers, and stock effluent are also potential hazards. In urban settings, some rivers have become 
featureless concrete drains or are used for the disposal of industrial and domestic effluents and garden 
rubbish. Even in parks, stream banks are often mown to stubble, creating an exposed and uniform 
environment. 
 
Recent changes in environmental legislation (e.g., the Resource Management Act) and statutory 
responsibilities (e.g., the Regional Council Act), together with the promotion of New Zealand�s �clean 
green� image, have raised the public�s awareness of their environment and sparked a desire to 
participate in conservation projects. Professional and non-professional groups in New Zealand are 
responsible for or interested in enhancing stream habitat for fish, whether to restore traditional 
fisheries, to improve sports fisheries, or to protect our endemic biodiversity. Some projects might 
target a particular species that has been recognised as being rare or vulnerable or as supporting a 
valuable fishery. 
 
Our approach has been to classify fish assemblages into communities because streams rarely contain 
only one fish species. Practical experience shows that certain fish species are commonly found 
together and that the assemblages are predictable from the stream location and physical characteristics. 
Communities provide a convenient way of describing such assemblages. In reality, fish assemblages 
form a continuum, but we have identified 12 communities using a combination of clustering 
techniques and subjective judgement; we recognise that there will be considerable overlap among 
some communities and always exceptions. 
 
Knowing what species occur together, where these communities occur, and in what types of 
waterways, can help managers predict the effects of flow and land management options on the whole 
fish community. It can also direct restoration projects for a particular waterway toward the most 
appropriate activities with the best chance of success. For example, there would be little point in 
restoring a stream for a banded kokopu community if you lived in Taupo or Queenstown simply 
because the location is wrong. 
 
In this report, we describe the fish communities we identified in New Zealand rivers and streams. We 
also discuss the physical variables that were associated with those communities to give practical 
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advice and focus for restoration projects, using the community indicator species as the restoration 
target. The ideas and advice are intended as an overview and guide because site-specific assessments 
and plans will usually be needed. 
 
Knowing how to protect and improve fish habitat is only one part of the process associated with 
stream restoration (Figure 1). After a site has been identified as being suitable for protection or 
restoration, registration, consultation, planning, implementation, and evaluation must also occur. 
Fostering the interest and enthusiasm of stakeholders is vital. The cooperation of landowners is 
required if livestock control, fencing, or riparian planting are necessary. Consultation with regional 
authorities might include obtaining funds from a regional council for purchasing plants. Māori groups 
can be strong advocates and appreciate being informed, even if they are not directly involved with 
land tenure. 
 
Whole books have been devoted to the stream restoration process (e.g., Newbury & Gaboury 1993, 
Cowx & Welcomme 1998, de Waal et al. 1998, Ministry for the Environment 2001), and an 
interactive publication is the CD-ROM available from Land & Water Australia (Rutherfurd et al. 
1999). Although some of the processes outlined in these documents would not apply in New Zealand, 
anyone considering a stream restoration project would find the information valuable. There is also a 
website that offers support and information to community groups interested in restoration activities in 
New Zealand (www.converge.org.nz). 

Types of fish communities 

Data selection and analysis 

We used data from the New Zealand freshwater fish database (NZFFD) to identify fish communities 
in New Zealand rivers and streams and to examine their relationships with selected environmental 
variables that were included in the NZFFD (Jowett & Richardson 2003). The NZFFD is a site-specific 
collection of fish information that covers the whole of New Zealand. At the time of our analysis, the 
NZFFD held about 14 000 records. We selected data from flowing water sites in this database that met 
certain criteria for our analysis. The most important criteria were that they were quantitative data 
collected by single-pass electric fishing in the last 20 years and that all fish caught were identified to 
species. We combined the quantitative fish data with data about the site location and physical 
characteristics of the site, such as the stream width and catchment land use, to form a dataset of 1130 
sites. 
 
A fish community was assigned to each of our 1130 sites using a clustering technique called 
TWINSPAN (Hill 1979). Clustering is commonly used in biology to classify observations into unique 
subgroups with the goal of maximising both within-group similarities and among-group differences. 
Longfin eel abundance was excluded during the clustering exercise because it is such a cosmopolitan 
species. This meant that sites with only longfin eels present were not clustered into any community, 
but these sites were retrospectively assigned to a longfin community. 
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Figure 1: Schematic diagram showing how a restoration project might proceed (after Suren et al. 2004). 
Information contained in this report could be used to help assess the current issues and to set goals, 
objectives, and appropriate restoration activities. 
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Results 

There was a reasonable national spread of sites except in Fiordland, where there were few records and 
no sites met the selection criteria (Figure 2). Twenty-one fish species, 18 native and 3 introduced, 
were recorded at the 1130 sites (Table 1). Although other native and introduced species occur in New 
Zealand fresh waters, they were not represented in our dataset1. These included the Otago/Southland 
non-diadromous galaxiid group (where taxonomic issues are not fully resolved and some species 
remain unnamed and undescribed), species that primarily inhabit lakes and swamps, such as mudfish 
and introduced coarse fish like rudd and tench, or species such as catfish that are not adequately 
sampled by electric fishing. 
 
About three-quarters of the native species at our sites are diadromous, requiring migrations between 
the sea and fresh water to complete their life cycles. Some of the non-diadromous species have 
restricted distributions, e.g., Cran�s bully is found only in the North Island and Canterbury galaxias 
only in the South Island. Overall, the most common species was the longfin eel (recorded at 70% of 
sites) followed by brown trout (39%), shortfin eel (20%), and redfin bully (18%). 
 
The clustering exercise revealed 11 communities, each of which was assigned a name based on the 
indicator or most abundant species in that group (Figure 3). A twelfth community was assigned 
retrospectively; it contained 132 sites that had longfin eels and virtually no other fish species present. 
There was a considerable overlap in the species present in many communities (Figure 3). Longfin eels 
occurred in every community and were frequently the second most abundant species in any 
community. Generally, the eel species were more abundant in the torrentfish and bully communities 
than in the galaxiid groups, while trout were most abundant in their own groups or the upland bully 
and koaro communities. The diadromous galaxiid species (shortjaw kokopu, banded kokopu, inanga, 
and koaro) occurred regularly in each other�s communities, but were less abundant in the non-
diadromous bully (Cran�s and upland bullies) or trout groups. Alpine galaxias and brook trout rarely 
occurred with other species. Both species were rare in our dataset and live in high altitude streams, 
which might account for this. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2: Distribution of the 1130 NZFFD sites used in the 
analysis. 
 
 
 

 9

                                                      
1 For information about all of New Zealand�s freshwater fish, refer to books by McDowall (1990, 2000) or visit 
this web site http://www.niwa.co.nz/rc/freshwater/fishatlas/ 

http://www.niwa.co.nz/rc/freshwater/fishatlas/


Table 1: Fish species names, whether they have a diadromous life cycle (Y, yes; N, no) and the number of 
times they occurred in the 1130 NZFFD records used for the analysis. The percent occurrence is shown in 
parentheses. 
 
 

Common name Scientific name Diadromous Occurrence 
Native species    
Shortfin eel Anguilla australis Y 228 (20.2) 
Longfin eel Anguilla dieffenbachii Y 795 (70.3) 
Torrentfish Cheimarrichthys fosteri Y 166 (14.7) 
Giant kokopu Galaxias argenteus Y 22 (1.9) 
Koaro Galaxias brevipinnis Y 180 (15.9) 
Dwarf galaxias Galaxias divergens N 30 (2.7) 
Banded kokopu Galaxias fasciatus Y 117 (10.3) 
Inanga Galaxias maculatus Y 86 (7.6) 
Alpine galaxias Galaxias paucispondylus N 11 (1.0) 
Shortjaw kokopu Galaxias postvectis Y 39 (3.5) 
Canterbury galaxias Galaxias vulgaris N 33 (2.9) 
Lamprey Geotria australis Y 40 (3.5) 
Cran�s bully Gobiomorphus basalis N 88 (7.8) 
Upland bully Gobiomorphus breviceps N 183 (16.2) 
Common bully Gobiomorphus cotidianus Y 140 (12.4) 
Bluegill bully Gobiomorphus hubbsi Y 76 (6.7) 
Redfin bully Gobiomorphus huttoni Y 206 (18.2) 
Common smelt Retropinna retropinna Y 34 (3.0) 
Introduced species    
Rainbow trout Oncorhynchus mykiss N 110 (9.7) 
Brook trout Salvelinus fontinalis N 11 (1.0) 
Brown trout Salmo trutta N 439 (38.8) 

 
 
The model developed to predict the fish community used nine environmental variables, most of which 
related to the site location. Altitude and distance inland were the two most significant variables, 
reflecting the differences between communities dominated by non-diadromous species and those by 
species that required access to the sea to complete their life cycles. Next most important were 
variables that related to the site location � the grid reference from topographical maps and island. 
Other variables that were highly correlated with the fish community assignment were the stream width 
and the percentage of native forest or farming land use in the catchment upstream of the site. Of the 
local habitat variables, the percentage of cascade habitat and the percentage of sand substrate were the 
most important. We correctly predicted 45% of the fish communities using this set of broad scale 
environmental variables, with our second best predictions being correct at another 40% of sites. 
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Figure 3: TWINSPAN classification of the 1130 sites showing groups with similar fish assemblages. Height 
of the bars indicates the relative abundance of the individual fish species in each community (named along 
the bottom by the indicator or most abundant species in that community). Numbers on the dendogram at 
the bottom indicate the number of sites selected at each TWINSPAN division. 
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River morphology 
Stream flow and the physical characteristics of river channels mutually interact to create the 
morphology of river systems. The dimensions, patterns, and profiles of river systems have evolved 
over time, and are influenced by both large- and small-scale factors. The flow regime, sediment 
supply, braiding pattern, sinuosity, width to depth ratio, and channel and bank shape define or 
influence the morphology. These in turn create the instream habitat, which has a significant influence 
on the aquatic community. For example, some fish communities are associated with wide, unstable, 
gravel-bed rivers, whereas others are typically found in small, stable, bush streams. To a large extent, 
natural processes control morphology and our ability to change stream morphology is limited by these 
processes. So, to have any chance of success, restoration activities should be aimed toward the fish 
community that is normally found in rivers with similar morphology. 
 
An important feature of rivers and streams is the water velocity. When the flow in a stream increases, 
the water level rises and the velocity increases. Meanders restrict the flow so that water levels rise 
during high flows and there is often very little increase in velocity. When the river level rises above 
bank levels, water spills out onto the flood plain where well established vegetation can reduce water 
velocity and prevent excessive erosion. Meanders, flood plain vegetation, and riparian vegetation all 
play an important role in reducing water velocities at high flows, and thus reduce erosion and scour. 
Although the reduction of water velocity during high flows minimises deleterious effects on habitat, 
the corresponding increase in water level can cause flooding. River managers often remove vegetation 
to increase flood levels, but the resulting increase in velocity often changes stream habitat, and in 
extreme cases may displace downstream resident fish species if no refuges exist. 
 
 
River classification 

Rivers and streams can be classified according to their morphology (e.g., Schumm 1977, Montgomery 
& Buffington 1993, Rosen 1996). In New Zealand, two classification schemes have been described 
(Nevins 1965, Mosley 1987), and they are closely related. However, Mosley (1992) stated that it was 
difficult to develop a useful morphological classification of New Zealand rivers because most rivers 
were broadly similar to each other. In relation to fish communities, we propose the following 
classification scheme, recognising that, in reality, and like the fish communities, river types form a 
continuum and that considerable overlap and exceptions occur. However, each of the different river 
types listed below has certain morphological characteristics that influence the instream habitat and 
hence the fish community that will be present: 
 

• Gravel-bed 
• Spring-/lake-fed 
• Bush streams 
• Low gradient 

 
 
Gravel-bed 

Gravel-bed rivers and streams generally have a distinct pool/run/riffle habitat sequence with cobble to 
fine gravel-sized substrate. They can be single channel or braided, with their width mainly determined 
by the size of the substrate, the discharge, and the gradient. This balance is disturbed when there is a 
new input of gravel and/or high flows, and consequently the bed and banks of gravel-bed rivers and 
streams are constantly changing to some degree. Gravel-bed rivers are rain or snow-fed and are 
probably the most common rivers in New Zealand, occurring throughout the lower half of the North 
Island and much of the South Island. Fish communities associated with this type of river are 
dominated by benthic species that inhabit the interstitial spaces within the substrate (e.g., torrentfish 
and bullies) or that use substrate for protection from the water current (trout). 
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Spring-/lake-fed 

Streams and rivers that originate from springs or lakes have stable flows and few large floods. 
Generally they have steep, vegetated banks and are relatively deep with uniform run habitat. Usually, 
water quality is high. They can be swift or slow flowing depending on the gradient, but usually have 
fine, unstable substrate compared to similar sized rivers with more variable flows. Where the substrate 
is fine and the water current slow, spring- or lake-fed rivers have abundant macrophyte beds that 
provide habitat for fish and invertebrates. This type of river is common in New Zealand, but the fish 
community present depends on whether there is access to the sea. Where access is available and water 
temperatures are not too low, typical communities include shortfin eel and inanga; further inland, trout 
communities occur. 
 
 
Bush streams 

As the name implies, bush streams are surrounded by native forest. Bush streams usually contain little 
exposed substrate along their margins and are smaller than gravel-bed streams. Often much of the 
original native bush catchment has been converted to farmland, urban development, or exotic pine 
forest, but their morphology still places these streams in the bush stream category. Bush streams are 
rain-fed and have high flow variability. Where the native forest catchment is intact, they have low 
sediment transport and are very stable. If the catchment vegetation has been altered, they can become 
unstable and prone to erosion and silting. 
 
Bush streams can have a steep or low gradient depending the terrain. Steep bush streams usually have 
large substrate and a pool/riffle habitat sequence or pocket water (a chaotic mixture of swift and slow 
flowing water usually between boulders). Very steep bush streams might contain cascades and plunge 
pools with large boulders. In low gradient bush streams, pools and silt dominate, with tree roots and 
woody debris forming the habitat and banks. Intact bush streams support galaxiid communities, with 
koaro in steep bush streams, shortjaw kokopu in moderate gradient streams, and banded kokopu in the 
low gradient ones. Redfin bully communities are also commonly found in bush streams, particularly 
where there is moderate gradient and coarse substrate. Bush streams that have had their original 
vegetation removed generally provide poor fish habitat, supporting communities of tolerant species 
like eels and Cran�s bully. However, they have considerable potential for restoration, particularly if the 
catchment is small. 
 
 
Low gradient 

Low gradient rivers and streams are usually found near the sea on coastal plains. The low gradient 
results in fine substrate and low water velocity, and these rivers often have a meandering pattern. 
Macrophytes can also be a dominant feature of low gradient streams and rivers. When these rivers 
flood, the flow overtops the bank, reducing damage to the river channel. However, when stop banks 
are created to protect development, floodwater is concentrated in the main channel, causing high water 
velocities, erosion, and displacement of aquatic fauna. 
 
Often there is extensive development along low gradient rivers (Figure 4), and this may affect water 
quality, increasing water temperatures, diurnal fluctuations in oxygen and pH, and the potential for 
other pollutants to be present. Because they are usually close to the sea, low gradient rivers support 
diadromous communities that prefer low water velocity, like shortfin eel and inanga. They also 
provide a migration pathway for diadromous community species that reside further inland. Where low 
gradient rivers occur inland, bully communities are usually present. 
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Figure 4: Low gradient streams often have 
intensive agricultural development that can 
affect bank stability and water quality. 
 
 
 
 
 
 
 
 
 
 
 
 
 

Implications for restoration 
 

Any restoration activity on a particular river or stream must be aimed towards the fish community that 
is normally associated with that type of river morphology. For small catchments, activities might 
include planting native vegetation to re-create a bush stream community, or creating meanders to 
reduce velocities for fish communities that reside in low gradient habitats. Spring- and lake-fed rivers 
probably need little enhancement unless the bank vegetation has been removed, but ensuring that the 
supply of water continues and is free of contaminants might be desirable. For gravel-bed rivers, 
reducing the supply of fine sediment will improve the quality of the substrate for benthic species and 
increase bank stability. In most streams, increasing the amount of instream cover will be beneficial. In 
the next section of this report, details about the requirements of each fish community are given, so that 
appropriate restoration activities can be undertaken. The section following this gives more details 
about restoration activities. 

Community requirements 
Using the results of our analysis, together with photographs and information from books and other 
publications, we present the physical features associated with each of the 12 fish communities. 
Restoration ideas or criteria, divided into location/physical attributes and water quality topics, are 
given using the community indicator species as the restoration target. This assumes that requirements 
for the indicator species represent those of the community as a whole, an assumption we believe is 
reasonable given the communities were derived based on species� associations. We define restoration 
as any management activity designed to rebuild or increase depleted fish populations. For the 
diadromous communities, it is important to remember that access to the sea is required. Although it 
might be possible to physically restore a particular stream for a certain community, if the community 
cannot get there because, for example, there is a large waterfall downstream, the restoration project 
will not achieve its objective. 
 
The communities are presented in the same order (left to right) as they appear on the dendogram 
shown at the bottom of Figure 3. Neighbouring communities on the dendogram often have similar 
species assemblages, particularly where the TWINSPAN division occurred at the fourth level, e.g., 
between the upland bully and brown trout communities. Communities with similar assemblages can 
therefore have similar physical attributes, and activities that enhance habitat for one species or 
community will probably have beneficial results for neighbouring communities. 
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Shortjaw kokopu community 

The indicator species of this community, shortjaw kokopu, is one of the five diadromous galaxiid 
species that constitute the whitebait catch. It is probably the rarest of the whitebait species and is not 
usually abundant at any site. Only 16 of the 1130 sites in our dataset were classified as having 
shortjaw kokopu communities, but shortjaw kokopu are difficult to catch using conventional methods 
like electric fishing, and this may account for the relative paucity of this community group. The 
shortjaw kokopu community generally contained other diadromous galaxiid and diadromous bully 
species and eels (see Figure 3). Trout were rarely present in shortjaw kokopu communities. 
 
 
Location and physical attributes 

Shortjaw kokopu communities mainly occur in rivers draining to the south Taranaki Bight, Golden 
Bay, and the Marlborough Sounds (Figure 5). This species requires native forest cover (McDowall 
1990), and is generally associated with podocarp/hardwood forest types rather than beech forests 
(McDowall et al. 1996). Instream attributes associated with shortjaw kokopu include the presence of 
deep concealing cover such as large boulders, smaller boulders clumped together or, less often, woody 
debris or undercut banks. Generally, these are located to the side of the main channel but near a small 
pool that is adjacent to swifter currents (McDowall et al. 1996). Thus, shortjaw kokopu streams tend to 
be stable, medium sized streams in podocarp/hardwood forests that have large substrate, are heavily 
shaded, and contain a variety of habitat types (Figure 6). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5: Distribution of 16 shortjaw kokopu community sites. 
 
 
All of the species found in the shortjaw kokopu community require access to the sea to complete their 
life cycle. However, shortjaw kokopu are able to negotiate waterfalls and cascades (Figure 7), and 
some of the shortjaw kokopu communities occurred well inland and at moderate altitudes (see Figure 
5). The presence of downstream barriers such as hydroelectric dams or large waterfalls will prevent 
the establishment of this community. 
 
 
Water quality 

There have been few water quality tolerance experiments with shortjaw kokopu. Although Main 
(1988) gave their upper lethal temperature as 29 ºC, McDowall et al. (1996) reported they were not 
recorded from streams that exceeded 20 ºC. West et al. (1997) showed that juvenile shortjaw kokopu 
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preferred a wide range of pH (about 7�9), but that levels above pH 10 were generally avoided. Their 
tolerance of pollutants such as ammonia, low dissolved oxygen, and suspended solids is not known, 
but given their preference for heavily bushed, unmodified streams, they are likely to have similar 
tolerance as koaro of these pollutants. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 6: Examples of shortjaw kokopu community streams. Note the podocarp/hardwood forest canopy 
and large boulders near pools, but also the presence of riffle habitat. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 7: A small cascade that shortjaw kokopu 
are able to negotiate. 
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Banded kokopu community 

Banded kokopu are another of the diadromous whitebait species, but are considerably more common 
than shortjaw kokopu. This community contains a wider variety of species than that of shortjaw 
kokopu, with longfin eels, redfin bully and inanga being the most abundant (see Figure 3). Brown 
trout do not occur in communities classified as banded kokopu. 
 
 
Location and physical attributes 

The 96 banded kokopu communities are distinctly coastal, but occur throughout the Bay of Plenty, 
Coromandel, Waikato, and Auckland regions in the North Island, and on the west coast, in the Catlins, 
on Otago and Banks Peninsulas, and in the Marlborough Sounds on the South Island (Figure 8). 
Although banded kokopu communities occur mostly near the coast, this species is a strong climber and 
is able to negotiate both man-made (Figure 9) and natural structures that block access for other 
species. Poorly positioned culverts (Figure 9) and large dams will prevent their access, however. 
 
Like shortjaw kokopu, banded kokopu are usually associated with podocarp/broadleaf forests, but they 
adapt well to urban situations and exotic forest plantations if an overhead canopy and instream cover 
are present. Banded kokopu streams (Figure 10) are characterised as being quite small (on average less 
than 2 m in width) with pool habitat and are often tannin stained. Cover is very important, and banded 
kokopu mostly use instream debris and undercut banks for shelter. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 8: Distribution of 96 banded kokopu community sites. 
 
 
Water quality 

West et al. (1997) showed that banded kokopu preferred relatively low pH (avoiding pH greater 
than 7) especially compared to other native species (with preferences for pH greater than 8). Their 
preferred temperature is also relatively low (about 17 ºC) (Richardson et al. 1994), as is their tolerance 
of low dissolved oxygen (Dean & Richardson 1999). These attributes are in keeping with their 
presence in shady, forested streams. 
 
Both laboratory and field studies have shown that banded kokopu juveniles are one of the most 
sensitive native species to suspended solids, with levels between 20 and 25 nephelometric turbidity 
units (NTU) reducing their migration and feeding ability (Boubée et al. 1997, Rowe & Dean 1998, 
Richardson et al. 2001a). Banded kokopu are also sensitive to ammonia, with toxicity limits similar to 
those of salmonid species (Richardson 1997). This implies that potential restoration sites for this 
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community must have good water quality all the way down to the sea, a factor that might restrict the 
suitability of sites in urban or plantation forest catchments, or where intensive agricultural 
development occurs in the lower reaches, and is something that should be considered at an early stage 
of the restoration process. 

 
Figure 9: Banded kokopu and eels can negotiate the culvert on the left even though it is slightly perched; 
perhaps at higher flows there is a smaller drop-off. The culvert on the right is an extreme example of a 
perched culvert that no fish would be able to negotiate at this flow because the sheer drop is far too high. 
 
 

 
Figure 10: Examples of banded kokopu community streams. Note the small size of these streams, debris or 
undercut bank cover, overhead canopy, and pool habitat. 
 
 
Baker & Montgomery (2001) showed that juvenile, migratory, banded kokopu were attracted to 
odours produced by adults, and that the presence of an adult upstream overcame their tendency to 
avoid water with suspended solids to a degree. The best response occurred at intermediate 
concentration levels, with high odour concentrations retarding the migratory response, and there was 
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no response to the odours produced by the adults of inanga or koaro. This suggests that banded kokopu 
use pheromonal cues for recruitment into appropriate streams. Therefore, seeding a catchment with 
adults might be an effective technique for re-establishing banded kokopu populations and communities 
in streams where they are currently absent, but where they once occurred and if appropriate habitat has 
been restored. 
 
 
Redfin bully community 

The species assemblage of the redfin bully community is similar to that of banded kokopu, although 
shortjaw kokopu, brown trout, and common smelt are found in the redfin bully community whereas 
lamprey and dwarf galaxias are not (see Figure 3). The second most abundant species in the redfin 
bully community is longfin eel. Redfin bullies are diadromous and undertake obligatory migrations to 
and from the sea. 
 
 
Location and physical attributes 

Redfin bully communities are widely scattered, but are very rare on the east coast of either island 
(Figure 11). Redfin bullies inhabit the transitional zones of rivers, regions where the steep 
mountainous character is changing to a meandering low gradient stream (McDowall 1964). This 
region of a stream typically has relatively large substrate, alternating pools and riffles, and little or no 
flood plain. This means they are rarely recorded in braided river systems, such as on the east coast of 
the South Island. Redfin bully streams have a relatively high percentage of native forest in the 
catchment (on average about 60%), but unlike the shortjaw and banded kokopu streams, a dense 
overhead canopy is not necessary. They prefer comparatively swift flows, often being found at the 
heads of riffles, and coarse, open substrate where they typically hide (Figure 12). Although redfin 
bullies can climb significant barriers (Figure 13), they generally do not penetrate inland very far. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 11: Distribution of 39 redfin bully community sites. 
 

Water quality 

Redfin bullies had a wide pH preference (about 7�9) (West et al. 1997), and were almost twice as 
tolerant of ammonia as banded kokopu (Richardson 1997). High levels of turbidity (over 1000 NTU) 
did not reduce their migratory performance (Boubée et al. 1997), and their feeding rate was highest at 
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moderate levels of suspended solids (40 NTU) (Rowe & Dean 1998). Their thermal preference and 
tolerance of low dissolved oxygen have not been established. 
 

 
 
 
 
 
Figure 12: Examples of redfin bully community streams. Note the more open aspect, relatively coarse 
substrate, and alternating pool/riffle habitat. The catchment vegetation is mostly native bush. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 13: A waterfall that some redfin bully are 
able to negotiate. 
 
 
Cran’s bully community 

The indicator species of this community is a small non-diadromous member of the bully family. In 
addition to Cran�s bully, this community also had eels in relatively high abundance and a smattering of 
other species in low abundance (see Figure 3). Apart from eels, diadromous species were relatively 
rare in this community. 
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Location and physical attributes 

The non-diadromous Cran�s bully occurs only in the North Island, but not in the Bay of Plenty or East 
Cape where its extinction is thought to be due to the Taupo eruptions (McDowall 1996). Cran�s bully 
communities are found at low average elevations compared to the other non-diadromous communities, 
but the sites are usually well inland, particularly in the Manawatu and Wanganui catchments (Figure 
14). Average-sized streams with a high percentage of pool habitat were characteristic of the Cran�s 
bully community and there was no preference/avoidance for native forest or farming land use (Figure 
15). With no requirement to migrate to the sea, access is not an issue for Cran�s bully, making this a 
suitable restoration target species for low gradient, inland North Island sites where waterfalls or dams 
might prevent access of diadromous species. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 14: Distribution of 61 Cran’s bully community sites. 
 
 
Water quality 

There have been few toxicity experiments performed using Cran�s bully. It is likely that Cran�s bully 
probably needs reasonable quality water to survive, particularly as spawning and rearing take place 
entirely in fresh water. Their preferred (21 ºC) and upper lethal (31 ºC) temperatures were similar to 
those of common bully (Richardson et al. 1994), and this species might be a good surrogate for Cran�s 
bully in comparison to other pollutants. Juvenile common bullies are among the most sensitive native 
species to ammonia (Richardson 1997) and low dissolved oxygen (Dean & Richardson 1999), but 
adults are more robust. The feeding rate of common bullies was reduced at turbidity over 40 NTU 
(Rowe & Dean 1998). Avoidance trials showed that juvenile common bullies had a poor ability to 
detect and avoid toxic ammonia concentrations and were actually attracted to low dissolved oxygen 
(Richardson et al. 2001b). 
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Figure 15: Examples of Cran’s bully community streams. 
Note the average width, pool habitat, and mixed 
catchment land use. Both streams are located well inland. 
 
 
Shortfin eel community 

Shortfin eels are native to New Zealand, Australia, and other South Pacific islands and undertake 
extensive migrations between their spawning grounds in the subtropical Pacific to the adult habitat in 
fresh water. Unlike many native fish species, eels are long-lived, large, and support valuable 
commercial and traditional fisheries. The shortfin eel community included relatively high densities of 
the diadromous bully species, and, as usual, longfin eels (see Figure 3). 
 
 
Location and physical attributes 

Although shortfin eels undertake obligatory migrations, they are good climbers and can negotiate 
substantial natural and man-made structures. On some hydroelectric dams, eel passes have been 
installed to facilitate their upstream migration (Figure 16). Nevertheless, shortfin eels are found in 
greatest abundance in low gradient rivers and streams or coastal lakes, and most of the shortfin eel 
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communities are located close to the coast and mainly in the North Island (Figure 17). The main 
feature separating shortfin and longfin distributions is that shortfins are close to the coast whereas 
longfins are further inland. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 16: The 72-m-high hydroelectric dam on the Patea River where an eel pass has been installed. The 
pass (arrowed) is a pipe running along the true left side of the earth dam. 
 
 
Streams containing shortfin eel communities occur mainly in farmed catchments and can be open and 
unshaded. Although eels are generally associated with cover, this can be provided by bankside 
vegetation, instream debris, or aquatic plants. Juvenile shortfin eels (less than 15 cm in length) are 
found in a wide range of water velocities and depths, but demonstrate some preference for shallow 
water (Jowett & Richardson 1995). This is probably related to their need for cover, which generally 
occurs on the edges of their typical streams (Figure 18). Plants suitable for providing cover for shortfin 
eel communities can be low growing, such as toetoe, sedges, or ferns, but should overhang the stream. 
Planting flax close to the bed in narrow streams is undesirable, as prostrate leaves have a tendency to 
create flow blockages, and this gradually changes flowing habitat into wetlands as water backs up. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 17: Distribution of 68 shortfin eel community sites. 
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Figure 18: Examples of shortfin eel community 
streams. Note the farmed catchments, low velocity 
water, and cover along the stream banks. The 
substrate is soft and made up of fine particles. 
 
 
Water quality 

Shortfin eels are our most tolerant native species of common pollutants. Their preferred temperature is 
almost 27 ºC, which might account for the paucity of South Island community sites, and they can 
withstand temperatures in excess of 35 ºC for a short time (Richardson et al. 1994). No shortfin eels 
died when exposed to 1 mg L-1 dissolved oxygen for 48 hours, even though this level was lethal to 
100% of rainbow trout and several native species (Dean & Richardson 1999). In addition, they also 
survived ammonia concentrations that were lethal to most other native species (Richardson 1997), and 
the migratory response of juvenile eels was not affected at turbidity over 500 NTU (Boubée et al. 
1997). Although their estimated pH preference was neutral (about pH 7), West et al. (1997) noted that 
they tended to accumulate as close to the ends of the test apparatus as possible while avoiding extreme 
pH values. Clearly, shortfin eels are a hardy species, and this type of community would be a suitable 
restoration target for highly modified low gradient catchments even if access were somewhat limited. 
 
 
Inanga community 

Inanga are a diadromous galaxiid species that makes up most of the catch in the important recreational 
and commercial whitebait fishery. The whitebait fishery has declined since the early 1900s (McDowall 
1984), and this species has been the focus of considerable research by NIWA, who have published a 
restoration guide specifically targeting this species (Richardson & Taylor 2002). Inanga communities 
were characterised by high densities of redfin and common bullies and eels (see Figure 3). 
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Location and physical attributes 

Juvenile inanga migrate upstream from the sea in spring and over the summer grow to maturity in a 
variety of freshwater habitats. In autumn, mature inanga migrate back downstream to spawn in 
riparian vegetation that is flooded by spring tides. Inanga communities are confined to very low 
altitudes, with no inanga community found further than 50 km inland (Figure 19). Inanga are also poor 
climbers, and small waterfalls, swift rapids, floodgates, and poorly positioned culverts (Figure 20) can 
all prevent or reduce their access to upstream habitats. Culverts that allow inanga access should have 
the invert below the streambed, thus preventing perching or steep drops below the culvert outlet 
(Figure 20). 
 
Jowett (2002) observed that feeding inanga are located in pools or slow-moving deep runs, and 
potential inanga restoration sites should be low gradient waterways or have abundant low velocity 
areas. Inanga communities are found equally in farmed or native forest catchments, but not in braided 
river systems; cover is an essential feature of inanga streams. This is usually provided by vegetation 
that overhangs the edges of the stream (Figure 21). Field experiments showed that reaches where 
bankside and instream cover were removed had only one-third the number of inanga found in adjacent 
unmodified reaches (Richardson 2002). Suitable plant species that would provide cover for inanga 
include low growing or weeping grasses and ferns, sedges, or toetoe. 
 
 
Water quality 

Inanga are intermediate in their tolerance of pollutants compared with other native fish species. Their 
preferred temperature is about 20 ºC regardless of the life stage (Boubée et al. 1991), and they have a 
very high pH preference of 9.5 (West et al. 1997). Although 100% of juvenile inanga died when 
exposed to 1 mg L-1 dissolved oxygen over 48 hours, 62% of adults survived (Dean & Richardson 
1999). Migratory juvenile inanga were found to be relatively insensitive to high turbidity (Boubée et 
al. 1997), and levels up to 160 NTU did not reduce the feeding rates of adult inanga (Rowe et al. 
2002). Although inanga are relatively tolerant of ammonia (of eight native species tested, only eels 
were more tolerant) (Richardson 1997), avoidance experiments showed they had a poor ability to 
detect and avoid highly toxic concentrations (Richardson et al. 2001b). This lack of an appropriate 
response to ammonia pollution by inanga might result in mortality, particularly if toxic levels occur, 
even for a short time. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 19: Distribution of 48 inanga community sites. 
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Figure 20: The culverts under the ford on the left prevent inanga access. The culvert on the right allows 
access because the culvert invert is below the level of the stream bed, preventing steep drops and swift 
currents. 
 
 

 
 
 
 
 
Figure 21: Examples of inanga community streams. Note the 
similarities to shortfin eel streams, although inanga 
community streams must have good access and be close 
(preferably less than 10 km) to the sea. 
 
 
Torrentfish community 

Torrentfish are a native, diadromous species closely related to the blue cod (Parapercis colias). Their 
community contains moderate densities of longfin eel and the diadromous bully species, in particular 
bluegill bully (see Figure 3). 
 
 
Location and physical attributes 

As their name implies, torrentfish prefer swiftly flowing water (Jowett & Richardson 1995) and are 
generally found in riffles and rapids in open, stony rivers (Figure 22). Bluegill bullies are found in 
similar habitat and hence can be abundant in torrentfish communities. Despite their ability to live in 
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swift water, torrentfish are not good climbers and are unable to surmount certain obstacles (Figure 23). 
However, they do penetrate long distances inland and are even known to migrate through lowland 
lakes, such as Lake Wairarapa on the Ruamahanga River, to reach suitable habitat (Figure 24). Female 
torrentfish have been found further inland than males, suggesting that torrentfish undertake spawning 
migrations between upper and lower river sections. Thus, good access over long distances may be 
required. 
 
Torrentfish are rarely found in small bush streams, preferring mainstems and large tributaries, and 
wide streams are a distinct feature of torrentfish community streams. They can be abundant in braided 
rivers as well as single channel waterways. Torrentfish communities were associated with a relatively 
low percentage of farming land use. Torrentfish use gravel and cobbles as cover, but not banks or 
riparian vegetation. Exposed river beds are no deterrent to torrentfish (see Figure 22), and if willows 
have invaded a previously open channel, restoration activities might include their removal. This 
community could also be a suitable target for steep streams with naturally high sediment loads; 
torrentfish and eels were the only fish species found in steep sediment-laden streams on East Cape 
(Richardson & Jowett 2002). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24: Distribution of 104 torrentfish community sites. 
 
 
Water quality 

Torrentfish were moderately tolerant of low dissolved oxygen (Dean & Richardson 1999) and had a 
preferred temperature (22 ºC) only a little higher than the bully species (Richardson et al. 1994). Their 
response to ammonia, suspended solids, and pH is unknown. 
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Figure 22: Examples of torrentfish 
community streams. Note the open aspect, 
relatively coarse substrate, and high 
velocity, white-water habitat. Good access 
to the sea is essential. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 23: A culvert that torrentfish 
cannot negotiate, probably due to the 
sheer drop just upstream of the large 
boulders. 
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Upland bully community 

Upland bully communities are the second most abundant community identified from our dataset after 
brown trout. A wide variety of species were recorded in the 135 upland bully communities, including 
some of the less common non-diadromous galaxiid species (dwarf, alpine, and Canterbury galaxias). 
However, diadromous fish species were poorly represented. Longfin eels, Canterbury galaxias, and 
brown trout were the most abundant species after upland bully in this community (see Figure 3). 
 
 
Location and physical attributes 

Upland bullies do not occur north of Lake Taupo, in northwest Nelson, or on the west coast of the 
South Island south of the Hokitika River (Figure 25). Upland bullies are non-diadromous and spend 
their entire lives in fresh water. Their communities occurred at moderate altitudes and distances 
inland, and this would account for the low abundance of diadromous species in this community. 
 
Upland bullies prefer shallow, slow-flowing margins of rivers in bush or farmed catchments (Jowett & 
Richardson 1995) (Figure 26). In our analysis, their abundance was related to the percentage of cobble 
substrate, and experiments showed that they prefer clean cobbles as opposed to those embedded in fine 
particles (Jowett & Boustead 2001). This is probably because male bullies establish and defend 
breeding territories under large rocks (McDowall & Eldon 1997) and require clean substrates for 
successful egg incubation. Upland bullies breed several times during the summer and, when flow 
conditions suit them, can attain very high densities. This community would be a suitable target for 
modified streams where access may be problematical for the diadromous species and where water 
abstraction or climatic conditions mean that flows are low during summer. 
 
 
Water quality 

Little is known about the tolerance of upland bullies to various pollutants. Their upper lethal 
temperature (about 33 ºC) was similar to that of Cran�s and common bullies (Richardson et al. 1994). 
Like Cran�s bully, all life stages occur in fresh water, and probably reasonable water quality is 
necessary to ensure the survival of all life stages. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 25: Distribution of 135 upland bully community sites. 
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Figure 26: Examples of upland bully community streams. Note the shallow, low velocity river margins 
with clean cobble substrate. Both streams are located well inland and have a variety of catchment land 
uses. 
 
 
Brown trout community 

More sites (273) were assigned to the brown trout group than any other community. This community 
also had the widest variety of species, with 20 of the 21 species in our dataset occurring in this 
community (see Figure 3). It was also the only community where brook trout were recorded. 
 
 
Location and physical attributes 

Brown trout are an introduced species that has become widespread in New Zealand, particularly in the 
South Island. It forms the basis of a popular recreational fishery, with some New Zealand rivers 
achieving an international reputation. Brown trout communities occur within both islands, although 
not in the northern part of the North Island (Figure 27). This distribution is probably related to their 
low temperature requirement for successful egg development. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 27: Distribution of 273 brown trout community sites. 
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Large deep rivers, which are the preferred habitats of adult trout, were not well represented in our 
study sites, and many of the trout community sites we identified would be considered only juvenile 
trout habitat. Juvenile trout usually live on the edges of riffles and runs that have reasonably high 
velocity water (Figure 28). They primarily use substrate features as cover, and the density of brown 
trout was related to the presence of cobbles. Adult brown trout often live in deep pools, and use 
undercut banks and bedrock crevices as cover. In runs, they establish feeding positions behind large 
rocks that allow them protection from the water current while providing a supply of drifting insects to 
feed on. 
 
Brown trout are not obligated to go to the sea, and thus brown trout community sites occur at high 
altitudes and a relatively long distance inland. However, trout must have access to suitable spawning 
areas and this must be considered when selecting a restoration site. For brown trout that live in rivers, 
spawning often takes place on the nearest suitable patch of gravel. 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 28: Examples of brown trout community 
streams. Juvenile trout would use the habitat 
among the large cobbles along the edges of the 
faster water while adults would live in the pools. 
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Water quality 

Salmonids are among the most sensitive fish species to pollutants. Although there have been few 
toxicity tests performed with brown trout in New Zealand, there is a large body of published 
information from overseas studies. Water temperature is probably one of the most important features 
to consider. Adult trout become stressed at temperatures exceeding 20 ºC, and avoid temperatures a 
few degrees cooler than this. Lethal temperatures are around 24�26 ºC. Trout eggs are particularly 
sensitive to temperature, with ideal temperatures for spawning and egg development of between 2 and 
6 ºC (Alabaster & Lloyd 1984). 
 
Values of pH outside the 5�9 range are likely to be harmful to trout if present for a long time 
(Alabaster & Lloyd 1984). However, most New Zealand waterways fall within this range. Oxygen 
levels that provide a high degree of protection for salmonid waters are recommended to be in excess of 
6 mg L-1 (USEPA 1986), with higher values (9 mg L-1) required for successful egg development. Trout 
are at least as sensitive as the native species to chemical pollutants like ammonia, but are not as 
sensitive as banded kokopu to turbidity, with values of 25�80 mg L-1 advocated for maintaining good 
to moderate fisheries (Alabaster & Lloyd 1984). Overall, brown trout communities need good quality 
water to survive, and waterways that are excessively turbid, that are too warm, or that receive 
industrial discharges are not suitable for brown trout communities. 
 
 
Rainbow trout communities 

Rainbow trout are also an introduced species that has acclimatised well to New Zealand conditions. 
The main fisheries for rainbow trout are in lakes, particularly in the central North Island, but they also 
occur in a number of rivers, often associated with these lakes. Some rivers, like the Tongariro, are 
internationally renowned for their rainbow trout fisheries. Rainbow trout communities contain a 
moderate variety of species, although some of the galaxiid species are absent, and most species, 
including eels, are present in low densities (see Figure 3). 
 
 
Location and physical attributes 

Rainbow trout communities are restricted to the central North Island, apart from a few sites associated 
with large inland lakes in Central Otago (Figure 29). Rainbow trout communities are found in streams 
with a low percentage of farming land use, but this probably reflects their location in the central North 
Island rather than a requirement for native bush. The environmental variables in our study did not 
describe catchment hydrology, but a previous study found that factors describing flow variability 
distinguished between brown and rainbow trout communities (Jowett 1990). In particular, rainbow 
trout communities were associated with lake- and spring-fed rivers with stable flows, such as those in 
the central North Island (Figure 30). 
 
With no requirement to migrate between the sea and fresh water, rainbow trout communities occur at 
higher average altitudes than any other community. They are also located well inland and often above 
barriers that preclude access for the diadromous species. Rainbow trout often undertake modest 
migrations to suitable spawning areas, however, and access to such habitat will be necessary if 
rainbow trout are the target restoration species. Juvenile rainbow trout occupy similar habitat to 
juvenile brown trout � areas along the edges of riffles and runs, or, in small spawning tributaries, 
under overhanging vegetation. Adults live in pools and runs, but require less cover than brown trout. 
 
 
Water quality 

Like brown trout, rainbow trout require very high quality water. Temperature is a primary 
consideration, with rainbow trout usually avoiding temperatures over 17 ºC. Ideal spawning 
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temperatures (6�8 ºC) are a little higher than for brown trout (Alabaster & Lloyd 1984). Toxicity 
experiments showed that rainbow trout are at least as sensitive to low dissolved oxygen as juvenile 
common bully and smelt (Dean & Richardson 1999), and the criteria stated previously for brown trout 
are also appropriate for rainbows. Tank experiments showed that turbidity of 320 NTU did not reduce 
the feeding rate of rainbow trout on a variety of prey items (Rowe et al. 2003). However, turbidity of 
20 or 80 NTU reduced the size selection for chironomids and mayflies, respectively. 
 
Streams suitable for rainbow trout communities must therefore have good quality water and preferably 
a relatively stable flow. Restoration activities that target spawning streams are appropriate for 
waterways located well inland and above barriers, especially if they are associated with a lake. For 
example, much of the riparian margin on Ngongotaha Stream near Rotorua was retired from grazing 
and planted in 1986. Since then, both water quality and the invertebrate community have shown 
consistent improvements (Wilding 2001). In particular, sediment exports were reduced by 85%, a 
factor that may improve the quality of spawning gravels in this stream. However, effects on the trout 
population in Ngongotaha Stream have not been monitored. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29: Distribution of 57 rainbow trout community sites. 
 

 
Figure 30: Examples of rainbow trout community rivers. Note the large size and clean water; both rivers 
are in the central North Island and above barriers for the diadromous species. The river on the left is 
lake-fed and has a stable flow; the river on the right is a spawning tributary of Lake Taupo. 
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Koaro communities 

Koaro are one of the diadromous galaxiid species that make up the whitebait catch. They are probably 
the second most abundant species in the catch after inanga, although this varies from river to river 
(McDowall 1984). Koaro also occur in eastern Australia and Tasmania. After koaro, longfin eels and 
brown trout were the most abundant species in this community (see Figure 3). 
 
 
Location and physical attributes 

Although koaro are diadromous, they are excellent climbers and are able to negotiate cascades and 
waterfalls that species other than eels cannot. Koaro can also form land-locked populations, using 
lakes for the normally sea-going stages of the life cycle. These attributes mean that the average 
altitude of koaro community sites is higher than that of communities where other diadromous species 
are the indicator species. In the North Island, the koaro group is rare north of a line between East Cape 
and Taranaki (Figure 31) and there are no koaro communities on the east coast of the North Island 
south of Hawke�s Bay. In the South Island, koaro communities are mainly confined to the west coast, 
Southland, and Otago. 
 
Swiftly flowing streams in native bush are the preferred habitat of koaro (Figure 32). Their affiliation 
with native bush and cascade habitat was stronger than for other communities, and this may account 
for the absence of this community in certain parts of New Zealand. Koaro streams are often unstable, 
and sometimes without an overhead canopy or dense riparian vegetation; koaro mostly use the 
substrate as cover. However, shade is important because koaro lay their eggs among rocks and stones 
that are inundated during high flows (O�Connor & Koehn 1998, Allibone & Caskey 2000). When high 
flows recede, the exposed substrate and eggs remain damp and viable only if shaded by the 
surrounding forest. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 31: Distribution of 101 koaro community sites. 
 
 
Water quality 

Exposure to highly turbid water did not affect the feeding ability of koaro, and it appears they are 
better able to feed in turbid waters than the other whitebait species (Rowe & Dean 1998). However, 
juvenile koaro migration was reduced by 50% at 50 NTU (Boubée et al. 1997), which is somewhat at 
odds with their affiliation with relatively turbid river systems (McDowall & Eldon 1980). Juvenile 
koaro showed no pH preference and adults have not been tested (West et al. 1997). 
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Koaro have a relatively low upper lethal temperature of 27 ºC (Main 1988), although they are more 
robust than salmonids. Their sensitivity to low dissolved oxygen and ammonia is unknown, but they 
are probably relatively intolerant of these pollutants. Like banded kokopu, migrant koaro were 
attracted to adult pheromones (C.F. Baker, NIWA, pers. comm.) and seeding a suitable catchment with 
adults might be an effective restoration technique for re-establishing koaro populations and 
communities in streams where they are currently absent but the habitat is suitable. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 32: Examples of koaro 
community streams. Note the bush 
catchment and swift, cascade habitat. 
 
 
Longfin eel community 

As previously indicated, the 132 sites assigned retrospectively to the longfin eel group had virtually 
only longfins present. Longfin eels occurred in all the other fish community groups, often in relatively 
high densities. Longfin eels are found only in New Zealand, but like shortfin eels, they spawn in the 
subtropical Pacific. The larvae migrate back to New Zealand on ocean currents and take many years in 
fresh water to reach maturity. Spawning takes place only once. 
 
 
Location and physical attributes 

Juvenile longfin eels (less than 15 cm in length) are a ubiquitous species found in a wide variety of 
habitats. Although longfin eels are diadromous, their climbing ability allows them to gain access to the 
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headwaters of many rivers. Thus, sites classified as longfin communities are often well inland at high 
altitudes, beyond the reach of other diadromous species. Longfin sites are mostly in the North Island 
or northern half of the South Island (Figure 33), and tend to be headwater streams that are small and 
contain pool and cover habitat for adult eels (Figure 34). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 33: Distribution of 132 longfin eel community sites. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
Figure 34. Examples of longfin eel 
community streams. Note the pool habitat 
with cover (logs, boulders, undercut banks). 
These sites are well inland at moderate 
elevations and there are no other fish species 
here. 
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Water quality 

Like shortfin eels, longfins are fairly tolerant of most pollutants. Their preferred (about 24 ºC) and 
upper lethal (about 35 ºC) temperatures were similar to those of shortfin eels and several degrees 
higher than those of other native species (Richardson et al. 1994). Longfin eels in pH gradient tanks 
behaved the same as shortfin eels, with fish tending to congregate at the ends of the tank while 
avoiding extreme pH values. West et al. (1997) gave their pH preference as about 6�9. The migratory 
response of longfin eels was not affected at turbidity over 500 NTU (Boubée et al. 1997), and only 
shortfin eels were more tolerant of ammonia (Richardson 1997). Although longfin eels are a hardy 
species and support important commercial and traditional fisheries, there is no need to use this species 
as the target unless there is no opportunity for other species to reach or inhabit a particular stream. 
Longfin eels were relatively abundant in every other community, and given their tolerance, 
adaptability, and climbing ability, will benefit from virtually any restoration activity, except those that 
remove cover for adult eels. 

Restoration activities 
Many stream restoration activities aim to improve, create, or diversify habitat, and assume (correctly 
we believe) that habitat is usually the key to restoring aquatic communities. A summary of the 
community requirements (Table 2) indicates that habitat for some communities will be easier to 
restore than others. For example, because shortjaw kokopu and koaro require mature native bush, 
unless the catchment is very small or significant amounts of bush are still intact, it would be very 
difficult to return an entire catchment to a condition suitable for these communities, although activities 
that protect the existing habitat may be warranted. However, we believe there is high restoration 
potential for many of the other communities. 
 
If aquatic habitat has been restored to such an extent that a missing but previously present species or 
community could be re-introduced, special permits will need to be obtained from the Minister of 
Conservation, Minister of Fisheries, and Fish and Game before any fish transfers take place. For 
diadromous species, it may be possible to obtain genetically suitable fish from other areas of the 
catchment or neighbouring catchments. Acquiring stocks of non-diadromous species could be more 
difficult, particularly in certain parts of the country. For example, neighbouring catchments in Otago 
can contain completely different species of non-migratory galaxiids. Any fish transfers would need to 
be considered on a case-by-case basis, and leaflets are available from the Department of Conservation 
that detail the permit procedure. 
 
Although there are numerous books describing rehabilitation techniques, most of the techniques apply 
to swiftly flowing rivers and often involve creating pool/riffle sequences using boulders or logs or 
stabilising banks. Stream habitat modifications and restorations have been carried out in the United 
States for the past 100 years, and a review by Beschta et al. (1994) concluded that, of the few major 
enhancement projects that had been monitored, structural approaches to improving fish habitat had not 
attained desired goals. They recommended that any proposed restoration work should consider that: 
 

• the elimination of land-use activities that cause adverse impacts to riparian and aquatic 
ecosystems is of highest priority if restoration is to be accomplished 

• bad land-use practices cannot be mitigated by structural additions to or modifications of the 
stream channel 

• ecological recovery and improvement requires time. 
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Table 2: The relative importance of various stream attributes to fish communities. H, high importance; M, medium; L, low; N, not important; ?, unknown. 
 

Community 

       

       

        

          

         

         

         

          

      

      

         

    

Location Access Catchment 
vegetation 

Depth and 
velocity 

Riparian 
vegetation 

Instream 
cover 

Water 
quality Substrate Spawning 

habitat 
Juvenile 
habitat 

Restoration 
potential 

Shortjaw kokopu H M H M H H H H H N L

Banded kokopu H M M H H H M M H N H 

Redfin bully H M M M M M M H M N H 

Cran�s bully H N L L L L ? M H H H

Shortfin eel H L L L M M L L N N H 

Inanga H H L M H M M L N N H 

Torrentfish H H L H N L ? H H N M

Upland bully H N L L N L L L H H H

Brown trout H N M H M M H M H H M 

Rainbow trout H N M H L L H M H H M 

Koaro H L H H L L H H H N L

Longfin eel L L L L M H L M N N H 
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Physical attributes 

Location and morphology 

The location and morphology (shape and characteristics) of a waterway will dictate its suitability for 
particular fish communities. This must be assessed before deciding whether or how to proceed with 
restoration activities. Attributes such as access, cover, catchment vegetation, and water quality may be 
improved in many instances, but the location and basic morphology of a stream cannot. In the 
preceding sections, we presented an overview of the location and general morphology of streams 
associated with particular fish communities. By now it should be obvious that some types of streams 
suit certain types of communities. For example, bush streams suit shortjaw and banded kokopu 
communities, torrentfish occur in large gravel-bed rivers, and shortfin eel and inanga prefer low 
gradient streams with riparian vegetation. 
 
Location and morphology are interlinked because catchment geology, rainfall, gradient, and land use 
influence river morphology. However, some species are absent from certain parts of New Zealand 
independently of river morphology, e.g., the lack of upland bullies in Northland. Even in the absence 
of natural or man-made barriers, altitude and distance inland strongly influence the presence of most 
diadromous species. Thus, a stream may appear to have ideal habitat for a particular community, but if 
the site is a long distance inland, then there is less chance that a diadromous community will be 
present. Altitude and distance are especially important for the communities dominated by poor 
climbers, like inanga, or species that don�t penetrate inland very far, like redfin bully and banded 
kokopu. 
 
River morphology and the resulting fish habitat are dictated by a number of interacting large and 
small-scale factors. Usually, the restoration of physical habitat should focus on establishing stable 
conditions by increasing energy dissipation and thus preventing erosion or deposition. River gradient, 
discharge, and geology control the water velocity and substrate size. These in turn determine whether 
erosion, transport, or deposition of bed material occurs. Energy dissipation occurs by direct transfer of 
energy to the streambed (the roughness of the bed resists gravity and slows the river) and the river 
widens until there is equilibrium between gradient, depth, and substrate. If the river can�t widen, 
energy is dissipated through bank and bed erosion and sediment movement, creating an unstable 
channel. 
 
Most restoration projects assume that the creation of habitat through artificial means is the key to 
restoring the biota. However, there may be other factors that cause the expected link between habitat 
and biotic restoration to break down (Bond & Lake 2003). Some issues likely to have a direct bearing 
on the success, or perceived success, of local habitat restoration projects in streams are: 
 

• barriers to colonisation 
• temporal shifts in habitat use 
• introduced species 
• water quality issues 
• long-term and large-scale processes 
• inappropriate scales of restoration 

 
River gradient has significant implications for the success of restoration projects. Studies on the 
success of engineering projects have shown that if channel gradient is too steep, engineering activities 
fail because of erosion (Figure 35). If channels are not steep enough, engineering can fail because of 
deposition. However, there are a number of things we can do depending on the river size and type 
(Table 3). 
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Figure 35: Stream restoration projects classified by stream power (product of bankfull discharge per unit 
width, gradient, and density of water), showing the erosive failure of projects where stream power exceeds 
10 kg m-1 s-1 and deposition failure where stream power is less than 1 kg m-1 s-1 . 
 
Table 3:  Summary of morphological restoration activities to improve fish habitat. 
 
Small bush or low gradient streams Gravel-bed 
 
Catchment land use to prevent erosion and 
promote large woody debris 
Riparian planting 
Meandering channel 
Flood plain management 
Increase infiltration in urban areas 

Catchment land use to reduce sediment loads to improve 
substrate quality 
Provision of bank stability, instream cover, and shade 
increasingly difficult as size increases 
Retain natural character 

 
 
Flow regime 
The flow regime, or frequency of floods and droughts, is dictated by the climate and the ability of the 
catchment to absorb or release water. High flows or floods erode and transport sediment, destroying 
the cover provided by banks and instream debris. Too many floods reduce stability, but too few floods 
can create problems with sedimentation and algal growth, reducing interstitial habitat and water 
quality. In small urban catchments, water retention or infiltration devices can provide a flow 
continuum, reducing the effects of floods and droughts. Large dams could be used for this purpose in 
larger catchments, although generally they are built for hydroelectricity generation or irrigation. 
 
Flow regime has a profound effect on gravel-bed rivers. In fact, fish communities (and river birds) 
associated with wide, de-vegetated, braided channels have adapted to those conditions, and restoration 
of these communities would require the retention of such characteristics. For example, if willow trees 
have become established along the river channel, then they might need to be removed to restore the 
open, mobile nature of the river. However, while benefiting gravel-bed communities, such restoration 
would be detrimental to species like adult eels and brown trout that use bank cover. 
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Sediment supply 
Sediment supply is largely controlled by geology and catchment development. When the sediment 
supply is excessive, rivers become wide and shallow, or the bed may become smothered in silt. When 
sediment is limited (unusual in New Zealand), rivers become entrenched and may have a bedrock bed. 
A common misconception is that rivers and streams with coarse substrate cannot suffer the effects of 
fine sediment deposition. In fact, the substrate we see on the surface of the river bed is what remains 
(due to gradient and discharge) after all the fine material has been washed away from the surface. 
Sediment supply is largely composed of fine material, up to 90% in many New Zealand catchments 
(Hicks & Griffiths 1992). 
 
Ensuring that land use in the catchment does not cause erosion by practising good land management is 
the best way to reduce the supply of fine sediment. Although this is a permanent solution, it takes a 
long time and may be difficult in catchments with many existing land uses and property owners. At a 
smaller scale, riparian buffer strips can be used to strengthen banks and reduce erosion and the 
sediment supply; this might include strengthening the banks with artificial structures or with riparian 
planting. Whether canopy species (shade trees) or low-growing herbaceous cover is used will depend 
on the target fish community. Planting canopy species may initially cause further erosion as 
herbaceous, bank-holding species disappear and the stream widens. The longevity of such actions 
depends on activities further upstream, and a catchment-wide approach, although more complicated 
and difficult, will have a better chance of success. 
 
Gradient 
River gradient is determined by the topography and is difficult to alter. Gradient is important because 
along with flow, it determines water velocity, bed shear stress, and substrate size. There are simple and 
well known relationships between these factors. For example, the relationship between velocity (v), 
depth or hydraulic radius (R), and gradient (S) is given by Chezy�s equation (Henderson 1966): 
 

RSv ∝  
 
and Henderson (1966) derived a relationship between the minimum size of a stone (d) that will be 
stable at a given R and S as: 
 

RSd 11=  
 
Local gradient can be decreased by the provision of artificial structures such as weirs, but these require 
major engineering to be effective and robust. They can also create problems with scour, sedimentation, 
and channel stability and, in particular, fish passage. Cutting across river bends or meanders can 
increase gradient, and this is often done in the lower reaches of larger rivers as a flood protection 
measure. 
 
In small streams, increasing the length of the stream by creating meanders or sinuosity reduces the 
gradient, reducing water velocities during floods and promoting sediment deposition on the flood plain 
(Figure 36). This will require strengthening the banks with riparian vegetation or artificial structures to 
resist scour where the channel curves and a wide, erosion-resistant plain for the stream to inundate 
during floods. Although this is a practical and achievable restoration technique, particularly for small 
streams and drains, adjacent landowners must accept the possibility of periodic, localised flooding and 
sediment deposition for this to work. 
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Sediment deposition on flood 
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Figure 36: Comparison of the effects of a straight channel (left) and a sinuous channel (right) on water 
velocity and sediment transport. 
 
Bank and bed material 
The banks and beds of rivers and streams provide much of the habitat used by fish for concealment 
and protection from the current, and also support the invertebrates that fish feed upon. Bare, eroding 
banks offer little cover and increase sedimentation, creating poor fish habitat. In urban areas, concrete-
lined channels may control erosion and the sediment supply, but are generally barren because there is 
no cover (Figure 37). Banks can be strengthened, stabilised and made more complex with riparian 
planting, large woody debris, or artificial structures. However, the latter need to be well engineered to 
ensure they remain in place and should not limit opportunities for riparian planting. Large boulders 
placed on the river bed increase cover and reduce water velocity, but they must be large enough to 
prevent undercutting and movement. Such activities are likely to be successful only in small stable 
channels. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 37 oncrete-lined channels 
protect bed and bank material, but 
provide poor fish habitat. 
 

: C

ccess 

Access to the sea is vital for the diadromous communities, and any potential barriers between the 

 
A

chosen stream and the sea will need to be identified and assessed at an early stage of the restoration 
process. This might involve an examination of maps or aerial photographs, a foot survey, and talking 
to landowners. Some species, like torrentfish or trout, may undertake several migrations during their 
life span, so both upstream and downstream passage are important. If problems caused by man-made 
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obstacles or large natural barriers are insurmountable, then select one of the non-diadromous or 
climbing species communities as your restoration target. 
 
Poor climbers like inanga and torrentfish need virtually unimpeded access. Road culverts are a 
particular threat to these communities (see Figures 20 and 23) because culverts are so numerous and 
are often installed without any consideration of fish passage. Although it is sometimes possible to 
retrofit culverts to allow fish passage (Boubée et al. 1999), this is rarely as successful as correct 
installation in the first instance. NIWA has developed a computer program that uses fish swimming 
speed and culvert water velocity to calculate the maximum distances fish can travel. This program can 
be used to assess the ability of native species to negotiate culverts and to design culverts that ensure 
fish passage (Boubée et al. 1999). Although the culvert shown on the right in Figure 9 would have to 
be taken out and replaced to allow fish passage, the culverts in Figures 20 and 23 might be made 
passable by improving access at the downstream end and by fitting baffles inside the barrels to reduce 
water velocities. 
 
Other man-made barriers may inhibit fish access. Few species other than eels can negotiate certain 
weirs (Figure 38), although many of these are superfluous and could be removed. Eel passes have been 
installed on some large structures like hydroelectric dams, but these have largely been replaced with 
more successful manual trap and transfer systems. In trap and transfer systems, a small, continuous 
flow of water is used to attract migrating fish into a trap at the base of the dam and fish are then 
manually transferred upstream of the structure. This technique could potentially work for other 
species, and has the advantage of allowing transfer directly to the restoration site. However, it would 
require an ongoing, long-term commitment to ensure continual recruitment, and may not be suitable 
for species that enter fresh water over extended periods or in relatively low numbers. 
 

 
 

Figure 38: Only eels were found above this weir although other species occur below it. Its removal would 
allow diadromous fish access to much suitable habitat. 
 
Floodgates can pose significant migration problems for juvenile fish because 1) they occur within the 
tidal zone, a zone all the diadromous species must pass through, and 2) they are designed to be open 
when the tide is ebbing and thus fish must swim against the water current rather than with it. Designs 
for floodgates that protect land during flood events while still allowing fish passage are available, and 
could be considered if floodgates limit access to suitable habitat. 
 
Barriers can also be used to selectively exclude certain species. For example, if it was desirable to 
exclude trout from a shortjaw or banded kokopu community stream, it might be possible to install a 
barrier that these species, given their climbing ability, could negotiate, but not trout. However, such 
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barriers may exclude native non-climbing species, although recent research shows inclined ramps may 
provide a solution (Baker & Boubée 2003). 
 
Eliminating existing pest species, such as gambusia, is much more difficult because there is a lack of 
species-specific control mechanisms. Planting weeping species like toetoe that overhang and shade 
stream edges can reduce gambusia populations (D.K. Rowe, NIWA, pers. comm.), but complete 
eradication of pest species may require poisoning of the stream followed by reintroduction of desirable 
species. Of course, it will be critical to ensure the pests cannot re-invade the habitat, perhaps with 
barriers. At present, preventing the spread of pests through education programmes is our best defence. 
 
 
Cover 

Cover is an important consideration for most communities. Fish, even the pelagic species like trout, 
use cover as shelter from the water current and as places to hide from predators. Most of the native 
indicator species (bullies, torrentfish, shortjaw kokopu, koaro) and juvenile trout use the substrate as 
cover, although their preferred rock size varies. For example, shortjaw kokopu need boulders whereas 
bullies prefer cobbles and large gravel. The presence of suitably sized rocks will be dictated by the 
catchment geology and morphology, factors that are tied to the site location, and, in many instances, it 
will not be possible to change the substrate. However, this will have to be assessed when location and 
morphology are considered. 
 
For species that rely on riparian vegetation, woody debris, or undercut banks to provide cover, there is 
considerable scope for restoration. An important step toward restoring riparian vegetation on pastoral 
streams is to restrict livestock access to stream banks. Even without artificial planting, once livestock 
are excluded, many streams will regain their riparian vegetation, although landscaping the banks will 
obviously speed the process and ensure the best species become established. Plant species that are 
appropriate for landscaping the site can be ascertained by observing natural flora in adjacent 
catchments. Pest species, such as climbing weeds and ground covers or goats and possums, may need 
to be controlled or eliminated, particularly if an overhead canopy is one of the community 
requirements. In urban situations, stream banks should not be mown right to the water�s edge, but a 
strip of longer grass left to overhang the water. 
 
As shown in Figures 18 and 21, plants that create suitable low riparian cover include pastoral grasses, 
toetoe, ferns, and sedges. If flax is used, it should be planted away from the stream bed as on narrow 
streams the fallen leaves and flower stalks can trap silt and woody debris, causing blockages (Figure 
39). Plant species that overgrow waterways, such as Glyceria or willow weed, should be avoided 
because streams choked with vegetation are not good fish habitat (Figure 40). Blackberry and gorse 
are also not particularly suitable plants because in small waterways they can eventually choke the 
entire stream and the undergrowth becomes quite sparse. If blackberry or gorse invade the riparian 
zone, then controlled grazing or spraying might be needed to keep them under control. However, gorse 
can provide nurseries for native vegetation rehabilitation over several decades. Banded kokopu use 
undercut banks and instream debris for cover, which usually occurs when there are mature trees or tree 
ferns along the riverbank. It is important to choose the correct riparian tree species, e.g., willow trees 
have a dense mat of roots and do not foster the creation of undercut banks. 
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Figure 39: Flower stalks and leaves (arrowed) from these 
flax plants have fallen across this small stream and 
created a blockage because gravel has built up against 
them. This prevents fish passage, and in time, will create 
wetland habitat above the block. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 40: Streams overgrown with aquatic or 
emergent plants provide poor fish habitat. 
 
 
Woody or instream debris (logs, sticks, leaf clusters) not only provide cover for some species, but in 
small streams are also the foundation for habitat, particularly the pool habitat favoured by inanga, 
banded kokopu, and longfin eels. A field experiment showed that stream reaches where the bank 
vegetation and instream debris were removed became shallower, swifter, and narrower than 
unmodified reaches (Figure 41). In this particular stream, and probably others like it, pools were 
formed by clusters of woody debris that caused the water to back up and become deeper and slower. 
When the debris was removed, the pools disappeared and the reaches became homogeneous runs. This 
habitat was inhospitable for pool-dwellers, and inanga density was only one-third of that in 
unmodified reaches (Richardson 2002). The formation of woody debris obviously requires a supply of 
wood; in our experimental stream this was provided by mature manuka and gorse that formed the 
riparian margin. Excluding livestock and controlling pests will foster the growth of mature trees, but 
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this may take several years. Once stream banks have become stabilised with smaller plants and bushes 
during the restoration process, it might be possible to import woody debris in the interim to help form 
pool habitat. 
 

 
 
 
 
 
 
 
 
Figure 41: The natural reach on the left shows how small logs create pool habitat and overhanging grasses 
provide bank-side cover in a small stream. In the cleared section on the right, there are no distinct habitat 
features and no cover for fish. 
 
 
Catchment land use 

Some fish communities were associated with distinct catchment vegetation types. Native bush is 
required for shortjaw kokopu and koaro communities, and to a lesser extent redfin bullies. Banded 
kokopu inhabit heavily shaded streams, but as well as native bush, the canopy provided by plantation 
forests or urban gardens and parks is suitable. Both shortfin eel and inanga communities do well in 
rural waterways, providing good riparian cover can be established. Open river beds suit torrentfish, 
and upland or Cran�s bully communities. The size of a catchment, its current degree of development, 
and the cooperation of landowners will dictate whether it is practical or desirable to attempt returning 
a modified catchment back to its original state, and would be an ambitious restoration project. 
However, if restoration is to be accomplished, the elimination of land-use activities that cause adverse 
effects on riparian and aquatic ecosystems is of highest priority because structural additions to, or 
modifications of, the stream channel are not a panacea for failing to address bad land-use practices 
(Beschta et al. 1994). 
 
 
Water quality 

Relatively few New Zealand waterways remain in pristine condition, particularly low gradient 
waterways that potentially can contain the highest variety of diadromous species. Eels, and to a lesser 
extent inanga, are moderately tolerant of many pollutants, whereas the species that inhabit unmodified 
bush streams are probably less so. The toxicity of some pollutants is influenced by other parameters, 
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e.g., the toxicity of ammonia increases as temperature and pH increase (Emerson et al. 1975). In 
addition, the effects of exposure to multiple contaminants can be greater than the sum of effects from 
individual exposures (Power 1997, Richardson et al. 2001b). Waterways that meet ANZECC (2000) 
water quality guidelines will be suitable for most communities, and achievement of these guidelines 
should be a goal of any restoration project. 
 
 
Water temperature 

The community indicator species have variable thermal tolerances. Communities that occur in heavily 
bushed streams, and trout, probably require the lowest temperatures, whereas edge-dwelling or open 
river species are likely to be more tolerant. Generally, eggs and larvae are more thermally sensitive 
than adults and this may influence restoration of some of the non-diadromous communities. 
 
The most effective method of reducing water temperatures is by stream shading, but, generally, shade 
trees will need to be fenced as livestock tend to congregate under them in sunny weather, increasing 
the risk of bank trampling and collapse and faecal contamination. Although large trees do not provide 
edge riparian cover for fish, riparian vegetation can be planted on small streams in farmed areas to 
decrease summer water temperatures. Rutherford et al. (1997) showed that moderate shade levels 
(about 70%) might be sufficient to restore small pastoral stream temperatures to 20 ûC in temperate 
climates. This is less than shade levels along small native forest streams, which typically reach 90�
95%. In wide waterways (over about 10 m) riparian vegetation has less influence on water 
temperature, and it may be difficult to reduce water temperatures in wider streams. 
 
 
Dissolved oxygen and pH 

Low gradient waterways that contain extensive beds of submerged aquatic plants can suffer from 
major diurnal shifts in pH and dissolved oxygen. For example, diurnal minimum dissolved oxygen 
levels may fall as low as 3.5�4.5 mg L-1 during summer in such streams (Wilcock et al. 1998), and 
maximum pH levels over 8 are not uncommon in lowland streams throughout the Waikato region 
(Wilson 1999). However, Close & Davies-Colley (1990) found that of 244 river sites sampled 
throughout New Zealand, 90% were between pH 7 and 9, which is well within the ranges tolerated by 
the fish communities. Although not all species have been tested, native New Zealand fish also 
appeared to be relatively tolerant of low dissolved oxygen, with the levels reported above not expected 
to be toxic to any species. Generally, dissolved oxygen and pH levels encountered in New Zealand 
streams will not be problematical for fish except in highly modified situations or where several 
pollutants occur together. In these instances, a tolerant community like inanga or shortfin eel would be 
appropriate. 
 
 
Suspended sediment 

Research has shown that some New Zealand species are sensitive to suspended sediment, in particular 
banded kokopu (Boubée et al. 1997, Rowe & Dean 1998, Richardson et al. 2001a). Although other 
species are more tolerant, high sediment levels may indirectly affect fish by reducing their food supply 
and habitat. Quinn et al. (1992) found that clay discharges that increased turbidity from 7 to 154 NTU 
above background levels in Westland streams caused reductions of 9�45% in benthic invertebrate 
abundance compared to upstream sites. Dunning (1998) also showed that high sediment levels caused 
a reduction in invertebrate density and diversity in four North Island pine forest and pasture streams. 
Richardson & Jowett (2002) showed that high sediment loads in East Cape streams were associated 
with low native fish abundance and diversity, and attributed this to the poor benthic habitat that 
occurred when sediment levels were high; streams with high sediment loads were shallower and 
swifter with less cover and finer substrate. 
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There are several ways to reduce the sediment supply to streams, including the elimination of bad 
land-use practices. Roads and tracks should be sited and constructed so that erosion and run-off are 
minimal both during and after construction. During in-catchment activities, such as harvesting forests, 
appropriate codes of practice should be adhered to. Where livestock have direct access to streams, 
banks can collapse and riparian vegetation can be destroyed. In addition, faecal material from 
livestock can reduce water quality and, in particular, increase ammonia. Restricting livestock access 
improves water quality and restores the riparian vegetation. Riparian vegetation not only provides 
shade that can reduce stream water temperatures and provide cover, it can also act as a buffer between 
developed land and the stream, absorbing sediment and excess nutrients (Quinn et al. 1993). 
 
 
Ammonia and other chemical pollutants 

Ammonia generally enters waterways directly from livestock wastes or indirectly via poorly treated 
wastewater discharge from sewage treatment plants and industrial sources. Routine water quality 
monitoring of lowland streams draining pastoral land in New Zealand has shown that ammonia 
concentrations often exceed 0.4 mg NH3 L-1 (R.J. Wilcock, NIWA, pers. comm.) and may be as high 
as 5 mg NH3 L-1 (Hickey & Vickers 1994). Dairy-shed effluent ponds, particularly, can represent a 
significant toxic risk to fish populations, especially where multiple discharges occur. For example, 
surveys of 20 dairy-shed effluent ponds in the Auckland region showed that effluent ammonia 
frequently exceeded 360 mg NH3 L-1 (Hickey & Vickers 1994). 
 
Although the fish communities had different sensitivities to ammonia, none would tolerate a level of 5 
mg NH3 L-1, as reported above (Richardson 1997). Avoidance experiments showed that even inanga, 
which are relatively tolerant of ammonia, had a poor ability to detect and avoid highly toxic 
concentrations of ammonia, and were strongly attracted to levels equivalent to the 96-hour lethal 
concentration (Richardson et al. 2001b). Thus, a cautious approach to the presence of ammonia 
pollution may be warranted, and ensuring that animal wastes do not get flushed into waterways, or that 
appropriate wastewater treatment is occurring, can reduce ammonia pollution. 
 
In addition to ammonia, a number of other chemical pollutants are present in New Zealand waters, 
largely from primary industries and through point-source discharges. For example, mining, geothermal 
development, and stormwater drains can all contribute polyaromatic hydrocarbon (PAH) and heavy 
metal pollution to waterways, whereas pesticides are often associated with agricultural development. 
The pulp and paper and timber industries use chemicals including metals, pentachlorophenol, and 
chlorinated organics. There has been some toxicity testing with heavy metals, phenol, and detergent 
(Hickey 2000), but generally the toxicity of many of these pollutants to native freshwater fish is 
unknown. Although most discharges in New Zealand probably meet water quality guidelines, streams 
that flow through industrialised areas may be less suitable for restoration than those in a less 
developed setting unless discharges can be eliminated. 

Lessons from an active project 
Genesis Power Ltd (Genesis) holds resource consents to discharge cooling water from Huntly Power 
Station into the Waikato River. One of the conditions of the consents was that a programme of 
enhancing and maintaining fish habitats in at least two tributary streams of the Waikato River be 
initiated. In 1995�96, Genesis selected three tributaries of the Waikato River draining the Hakarimata 
Range between Huntly and Ngaruawahia for restoration. The headwaters of all three streams are in 
native forest, but before restoration, livestock could access the waterways and vegetation. The lower 
reaches ran through pasture (Figure 42), where livestock also had access to the streams. One of the 
restoration objectives was to establish a native forest corridor along the streams to connect the canopy 
in the Hakarimata Scenic Reserve with the Waikato River and to encourage indigenous fish to become 
resident in these streams. After consultation with the landowners, Genesis installed 12 km of fences 
and 12 stock-water troughs to exclude livestock from the streams, built five bridges and planted over 
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10 000 trees and shrubs along the riparian margins (Figure 42). Streams were also checked to ensure 
that there was unhindered access for fish. 
 
 

 
Figure 42: Hakarimata Stream B in 1995 (left) after fencing and planting, and the same site eight years 
later (right). 
 
 
Pre-restoration fisheries surveys were carried out on two of these streams in 1995. The consents 
required that monitoring be carried out until: 
 

• the abundance of indigenous fish has increased by 50% or more, or 
• one additional significant indigenous species has established as a viable population. 

 
In 2003, identical fish surveys were carried out to measure whether the objectives had been achieved. 
Results from the rehabilitated reaches in the two streams surveyed in both 1995 and 2003 differed 
(Figure 43). In Stream A, the abundance of most species increased by at least 50% as did total fish 
numbers � from 42 to 71 fish per 100 m of stream. Although no common bully were found in Stream 
A in 2003, a new species, lamprey, was. 
 
In Stream B, the abundance of banded kokopu and redfin bully increased at least 50%, giant kokopu 
numbers stayed about the same, but eel abundance reduced more than 50%. Because eels dominated 
this fish community in 1995, total fish abundance in 2003 only increased slightly in Stream B � from 
38 to 41 fish per 100 m of stream. Like Stream A, common bully were not found in Stream B in 2003. 
 
Does this mean the restoration project isn�t working? Not at all. The results simply reflect the expected 
change in fish community as the habitat evolves from a pastoral to a forested stream. The abundance 
of species that prefer forested streams (banded and giant kokopu, redfin bully) did increase, and often 
by at least 50%. In contrast, abundance of the pastoral species (common bully and eels) reduced, and 
because eels were the most abundant species in Stream B, this meant total fish abundance went down. 
 
If the wording of the objectives had accurately reflected what was really expected to happen, i.e., that 
the abundance of bush-dwelling indigenous fish have increased by at least 50%, then the first 
monitoring objective would have been met. In regard to the presence of a new species, success is even 
harder to measure. We found juvenile lamprey only in Stream A, and although they are resident in 
fresh water for about 4 years, it is difficult to ascertain whether this represents a viable population. 
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Figure 43: Results from the Hakarimata electric fishing surveys in 1995 (solid bars) and 2003 (hatched 
bars). 
 
In time, this project will be successful, particularly as the habitat matures. However, the findings 
highlight some important lessons about restoration activities. 
 

• It has taken several years for the riparian vegetation to grow and have an effect on the stream 
habitat, and it will probably take another 15 years or more before the lower reaches 
completely resemble forested streams (with a complete overhead canopy, woody instream 
debris, and native plants rather than pastoral grasses along the banks). The adage that �good 
things take time� certainly applies to restoration projects. 

 
• Over the past eight years, the fences and other structures have required repairs, an activity that 

must not be ignored. Livestock getting into one fenced off section of stream can ruin years of 
plant growth and bank stabilisation in just a short time. The riparian vegetation has also 
needed maintenance, including replacement of dead plants, infilling empty spaces, thinning, 
and weed control. In some locations, the restoration has worked too well, and the streambed 
has become infested with flax, which is trapping silt and woody debris (see Figure 39). In 
time, this will turn the stream into a wetland, which is not the desired objective. Removal of 
selected flax bushes is now required, but might have been prevented if planting had occurred 
further away from the stream banks. These activities take attention, time, and money. 
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• It is also critical that the objectives are carefully thought out at the start of the project. The 
first objective in this project was good because there was an actual measure of success (i.e., a 
50% increase), but the wording didn�t reflect the biological requirements of the species and 
hence the fact that the fish community would change with reforesting. In the second objective, 
words like �viable population� and �significant species� needed to be defined. 

Summary 
We hope the ideas provided in this document will foster some fish community restoration projects. 
Our analysis revealed 12 fish communities, each of which had some distinct and some overlapping 
attributes. Location and river morphology, factors that are impossible or difficult to change, will 
dictate many of the physical features of a waterway, and hence which fish community is likely to be 
present. These features must be assessed first in order to direct restoration activities toward the right 
community with the best chance of success. Access, cover, and water quality are also important, but 
can be improved or restored, although having the support of the other stakeholders is also critical to 
achieve successful restoration. 
 
For many waterways, restricting livestock access to stream banks will improve cover and water quality 
for relatively little effort. Activities such as replanting appropriate vegetation, providing artificial 
cover, or improving access require more effort and planning, and will need to be assessed on a site-by- 
site basis. Remember that �good things take time�, and a restoration project can be a lengthy and 
challenging process. To be successful, restoration projects must have realistic goals and a group 
prepared to be involved for the long haul. To be rewarded with a restored stream, stakeholders must be 
patient, stay involved and interested, and set realistic, clear, measurable goals. However, the rewards 
will benefit all New Zealanders in the long term. 
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