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Abstract 

Whareroa Farm, Mackays Crossing, Paekakariki , was bought by the Department of 

Conservation in 2005 . The goal was to effect the restoration of a corridor for flora and 

fauna from the Akatarawa Forest in the east to Queen Elizabeth Park and the sea in the 

west. The south branch of the Whareroa Stream, which arises as a series of tributaries 

from a ridge 272m above sea level , traverses Whareroa Farm and the adjacent Queen 

Elizabeth Park. It was thought likely that the stream had been severely affected 

ecologically during a century of cattle and sheep farming, though the degree to which 

the ecological degradation had occurred was unknown . Obvious deforestation and land 

use changes suggested that, in concert with many other New Zealand hill country farms , 

the ecological changes would be significant. 

To establish and quantify the degree of degradation, the Auckland Regional Council 

(ARC) Stream Environment Valuation (SEY) protocol was applied to the Whareroa 

Stream and its tributaries . Five sites were selected for valuation, varying from open 

pasture to bush covered and open parkland. The resulting SEY scores showed losses of 

ecological value ranging from 32% to 46% across the sites. 

The Macroinvertebrate Community Index (MCI) and the fish Index of Biological 

Integrity (IBI) were measured at each site. Results indicated that aquatic habitats were 

unable to sustain adequate assemblages at four of the five sites. 

The valuations of the npanan zones at each site used the River Environment 

Classification (REC) and Riparian Management Classification (RMC) protocols. The 

results indicated that current riparian characteristics showed poor to absent effective 

riparian zones from the headwaters to the sea at all sites. Riparian zones are pivotal to 

the provision of stream ecological integrity and are responsible for maintaining the 

longitudinal, lateral and vertical connectivity between a stream, its network and its 

surrounding land. The loss of in-stream organic matter from lack of riparian vegetation 

together with the loss of effective temperature control from lack of shade, impacts 

negatively on the habitats for macroinvertebrates and fish. This was highlighted in the 

Whareroa Stream network. 
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While the SEY and RMC evaluations showed that, with best practice management 

plans, there was great potential for improvement of the Whareroa Stream ecology, any 

riparian restoration would require sympathetic and improved fencing, withdrawal of 

stock from stream access and the retirement of headwater land from pastoral use. The 

loss of ecological integrity that occurs as a result of prolonged land use changes from 

forest to agriculture is well illustrated by the situation in the south branch of the 

Whareroa Stream and its tributaries. 
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Explanation of text 

This thesis will be presented as two papers with a general introduction. Some of the 

information will be presented in both Chapters 2 and 3 where this is relevant. Inevitably 

this will lead to some repetition. 
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Chapter I . General Introduction 

Chapter 1 

General Introduction 

Whareroa Fam1, Paekakariki, (coordinates 40° 58'32. 5"S, 174°59'2 I. 4"E) covers 

447.5 hectares compri sing a mixture of steep hill country. The adjacent Queen Elizabeth 

Park covers 646 hectares of dune lands and peat soils, has some remnant wetland bush 

and swamp areas but is mainly drained grassland and low scrub (Mackay, 2007). 

First and second order streams, arising in the hill country, run west to form the south 

branch of the Whareroa Stream near Mackays Crossing. The stream then flows through 

a culvert, beneath State Highway I. Several farm streams join it over the next l.5 km in 

Queen Eli zabeth Park before it reaches its confluence with the north branch to form the 

Whareroa Stream. The stream continues for a further kilometre through the peat 

swamps and sand dunes to the sea. 

The Department of Conservation (DOC) purchased the Whareroa Farm from Landcorp 

in 2005, a purchase strongly supported by the community who promoted it as a corridor 

for wildlife and thus a link from the Akatarawa Forest in the cast to the sea in the west. 

Fanning over the last century had caused irreversible damage to the streams and valleys, 

and changes to the stream ecology associated w ith road works and culverting at 

Mackays Crossing were unknown. Riparian zone management had been non-existent on 

the farm apart from small areas near the shepherd ' s house and the farm entrance. Plans 

for riparian restoration on the lower reaches of the Whareroa Stream in Queen Elizabeth 

Park and the entrance to Whareroa Farm had been developed and were being 

implemented (WRC, 2004). 

Landform and landscape 

The greywacke that the Whareroa Fam1 is based on was formed about I 00 million years 

ago (Fleming, 1961 ). Erosion , flooding and the rise of the Tararua Mountains limited 

the formation of the land form. The onset of Ice Ages and lnterglacials over the last one 

million years was associated with further mountain growth, rivers carrying grave l now 

found in deposits on the Kapiti Coast, and evidence of cold climate tussock grasslands. 

Sea levels rose and fell with each glacial period, changing the site and shape of the 
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coastline. Various plants also established and many became extinct eg. Nothofagus spp. 

(Fleming, 1961 ). Volcanic ash, from a devastating eruption of Lake Tau po 26,000 years 

ago, covered the land. 

The las t and most severe glacial period was 20,000 years ago. The retreating sea 

exposed thick sand and gravel and loess was blown to the hills and Tararua Mountains. 

The return of the sea when the interglacial period began 11 ,000 years ago resulted in 

sand and seashell deposition, and the formation of peat swamps a long the coastal 

region. The peak of the sea level rise was 5,000 years ago as evidenced by the carving 

of a cli ff (along SHI) that marks the post-glacial shore. The ri se of the hill country and 

mountains continued with Mt Wainui reaching 799m above sea level. Erosion of Mt 

Wainui formed the Te Ramaroa Alluvial Fan visible at the western boundary of 

Whareroa Farm. Sand dunes and swamps formed over debris flowing south a long the 

coast from the Manawatu and Wanganui rivers. 

further deposits of volcanic ash that can be seen in road cuttings fo llowed another 

eruption of Lake Taupo 1800 years ago. With climate stab ility, mixed broadleaf

podocarp forests were established on the hill and fores ts of kahikatea (Dac1ycmpus 

dac1y dioide!>) and nikau pa lms (Rhopa/osty /is sapida)) on the swamps and flats 

(Edwards, pers. comm, 2007) 

The landforrn has been altered by activities on the Ohariu Earthquake Fault that passes 

along the edge of the ancient sea cliffs between Whareroa Farm and Queen E lizabeth 

Park (Adkin, 195 1 ). This fau lt is part of a longer fault line that is continuous from 

Tongue Point (Cook Stra it) to Waikanae (van Dissen et al., 2003 ; Heron et al. , 1998). 

The frequency of movement on the fault is 1530-4830 years and the last recorded 

movement was I 070-1 130 years ago. There is both vertica l di splacement of up to 2m 

and dextral horizontal displacement of 7m found near Mackays Crossing (Stevens, 

1974). 
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Figure 1. Whareroa Farm from SH 1 at Mackays Crossing. 

History of farming at Whareroa 

Whareroa Pa was sited 5 km north of Paekakariki and at the mouth of the Whareroa 

Stream. By the late nineteenth century the NZ Government had purchased land around 

the Pa for farming and it quickly lost its inhabitants to other communities . The land east 

of the Pa had wetland forests , mainly kahikatea, a rich birdlife, and heavily forested 

hillsides stretched up to the Akatarawa Forest (Edwards, pers. comm. , 2007) . Utu Pa 

sites are found on the hills above the wetlands. 

A railway from Wellington to Foxton was established in 1886 along the base of the 

hills, more land was opened up for development, and dune wetlands and lakes were 

drained. The wetland forests were cut and burned and the hillsides were cleared of bush. 

Settlers established small farms, for cattle and sheep. 

In 1942, the NZ Defence Department took control of most of the farms as part of the 

WW2 effort to provide facilities for the United States Marines. Camp Mackay was 
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established on the Te Ramaroa A lluvial Fan above SHI, and Camps Paekakariki and 

Camp Russell on the dune lands. Farm streams from the higher hill country were 

drained into a reservoir on the lower hill country (sti ll functional for farm water) and 

water was piped around the Camps. The land reverted to fam1ing at the end of WW2, 

and was administered by the Department of Lands and Survey. 

The small fam1s east of SHI were amalgamated to form the Whareroa Farm in 1947. 

The western portion was gifted to the Queen during her visit in 1953 and named Queen 

Elizabeth Park. The Whareroa Farm has supported a wide range of activities since then 

including dairy farming '. It was initially open to the public as a farm park, w ith wa lking 

tracks and a picnic area. These fac ilities have fall en into di srepa ir and it is no longer 

open to the public. It was subsequently a srud farm for Charolais and Simmental cattle 

and supported Romney sheep. 

In 1987 the administration of Whareroa Farm was transferred to the State Owned 

Enterprise (SOE), Landcorp. Their intention was to sell blocks for housing deve lopment 

but in 2006 the Crown was persuaded to purchase the farm as part of the Department of 

Conservation (DOC) estate. Local lwi, ' Friends of Queen Elizabeth Park ' and 

' Guardians of Queen Elizabeth Park' all expressed a desire to co-manage the farm site 

with DOC. In particular, lwi wish to preserve the Utu Pa sites within the area. To date 

no future management plan has emerged for the farm and littl e is known of its potential 

for restoration as a bush/ forest corridor from the Akatarawa Forest. Suggestions for 

future use have included the development of w alking and bik ing tracks to connect 

Campbells Track with Te Araroa Walkway, the Akatarawa Forest and the 

Maungakotukutuku Valley (see Map I) ; the establi shment of a farm park once again; 

and an upgrade to a self-sustaining farm again. 

Stream Ecological Assessment 

The ecological functions of the aquatic ecosystems of the upper Whareroa Stream and 

its tributaries were unknown though whitebait, galaxiids (Galaxias spp), eels (Anguilla 

1 Land Utilisation Classifications for Whareroa Farm (2007) were: [I] greywacke ridges up to 
235m above sea level, with steep valleys - LUC Vile I - (steep to very steep, susceptible to 
sheet, scree and soil slip erosion); [2] rolling hills with loess over greywacke - LUC Vle3 -
(moderately steep, prone to surface erosion); [3] rolling downs prone to surface erosion formed 
from loess over consolidated gravels - LUC IVe 1. 
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spp ), bullies ( Gobiomorphus spp) and shrimps (Paratya sp.) had been found in the 

lower reaches in Queen Elizabeth Park (Joy, 2005). As in a study of headwater streams 

in the Wairarapa by Macdonald (2006), it was presumed that the stream health of the 

upper reaches of the Whareroa Farm streams would have been compromised by the 

farming practices of the last century to such an extent that the changes to the ecology, 

stream bank quality and riparian vegetation would have adversely affected the 

populations of macro-invertebrates and fish . 

The Stream Ecological Valuation (SEY) method for sconng a stream's ecological 

structure and function , first developed for Auckland streams by Rowe et al. (2006), was 

seen to be the appropriate tool for the Whareroa Stream evaluation. It is a multi-variant 

approach that combines 16 variable measurements into a single comparable measure by 

scaling values for each variable, and then weighting them according to their relative 

ecological importance. The method is guided by the development of algorithms and 

provides an overall measure of the ecological function of the target stream. 

Four major ecological functions and their components form the basis for the SEY -

hydraulic functions (ie. processes for water storage, transport and movement), 

biogeochemical functions (ie. water chemistry and the processing of minerals and 

particulate matter), habitat provision functions (ie. types, amount and quality of habitats 

for stream fauna and flora) and native biodiversity functions (ie. presence of expected 

diverse populations of fauna and flora within the stream reach). 

Though the SEY method had been developed for a specific network of urban streams, it 

was subsequently successfully used by Macdonald (2006) for the ecological valuation 

of small rural streams in the Wairarapa, where the effects of agricultural land use on 

their ecosystems were measured providing a baseline for future monitoring of 

ecological changes. More recently Phillips et al. (2006) used it in Papakura to rank 

streams in terms of their ecological priority. It was thus apparent that the method could 

be successfully applied to streams in a variety of environs and that its use for the 

ecological valuation of the Whareroa Stream was appropriate. 
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Riparian assessment 

The Riparian Management Classification (RMC) tools developed in Canterbury (Quinn, 

2003), provided excellent adaptable templates for evaluating the riparian potential for 

the Whareroa Farm streams. The RMC is a development of the River Environment 

Classification (REC) system (Sneider et al., 1999), and uses the REC classifications 

within the template. The Riparian Management Classification - Current (RMC-C) and 

Riparian Management Classification - Potential (RMC-P) have been used on large and 

small streams by Regional Councils throughout New Zealand to provide a basis for 

riparian management (Phillips & Marden, 2004; Quinn & Suren, 2001 ; Quinn et al. 

2001). 

The RMC protocol is based around the activity of 12 riparian functions seen as essential 

to improving stream habitat, controlling contaminant input and enhancing biodiversity, 

aesthetics and recreation . The key factors influencing potential riparian functions 

identified in Canterbury were stream width, adjacent land slope and whether the stream 

was ephemeral or perennial. A geomorphic RMC (RMC-G) was derived from the 

riparian functions giving further detailed classification for future management, 

including valley-form and vegetation types appropriate to stream width . These details 

will be important to restoring the Whareroa Farm streams. 

Until recently the Farm has been used for the fattening of young Angus cattle and sheep. 

There is obvious damage to stream banks and hillsides with some slipping. Many fences 

are intact but bear no relationship to the streams or bush remnants and animals have 

crossed the streams and accessed the bush remnants freely. The farm also supports a 

significant feral population of goats, rabbits, hares, and large numbers of possums. 

Weeds are extensive with large areas of gorse and variegated thistle. Some of the higher 

land has scrub and regenerating native bush, and the moderate hill country has bog and 

swamp areas scattered throughout it. Remnant stands of bush include kahikatea (D. 

dacrydioides) , nikau (Rhopalostylis sapida) , mahoe (Melicytus ramiflorus), kohekohe 

(Dysoxylum spectabile) , titoki (Alectryon excelsus), kawakawa (Macropiper excelsum), 

karaka (Corynocarpus laevigatus) and a few tree ferns, depending on their South

Easterly aspect (Figure 2). A stand of gum trees is present on the northern side of the 

farm. 
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Figure 2. Remnant bush in a central valley, Whareroa Fann. 

Future plans 

This baseline study looked at the ecological and ripari an health of the streams on the 

Whareroa Fam1 in order to provide a contribution to the overall planning for the fa rm. 

Its focus on the ecologica l valuation and riparian conditions of three representative 

streams that form the south branch of the Whareroa Stream, and the two stream sites in 

Queen Elizabeth Park that were also surveyed, provided an indication of what fauna and 

flora could be expected with an y future upstream enhancement. The results of both 

valuations, though not surpri ing, were not surprising given the curren t and past history 

of bush removal and intensive farming of the area. 

The use of the Stream Ecolog ical Valuation (SEY) method to provide baseline 

ecological infom1ation represents further experience with this method in establishing a 

nationwide standard procedure for ecological valuation of stream ecosystems, a position 

already held for the Riparian Management Classification (RMC) that was also used in 

the study. Restoration of the stream will involve improved stream connectivity in all the 

longitudinal, lateral and vertical parameters, and long term planning and monitoring of 
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small but cumulative restoration projects. Re-establishment of riparian zones from the 

catchment to the sea will assist with the improvement of stream conditions, though it 

cannot be assumed that invertebrates and fish fauna will necessarily re-occupy any 

particular habitat (Hildebrand, R.H. et al. , 2005; Lake, P.S. et a/.,2007) 

The SEY and RMC results for the Whareroa Stream will lead to decisions that have 

financial implications for the community, Greater Wellington Regional Council and the 

Department of Conservation when determining the costs and potential for improved 

functions . 

The findings are presented as two papers. The first is a stream ecological assessment, 

and the second an assessment of the riparian situation. 
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Map 1. Whareroa Farm, 1983. (Department of Lands & Survey publication) 
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Chapter 2 

The Whareroa Stream - an ecological valuation 

The goals of sustainable stream and river management are to ensure that the function 

and structure of the waterways are the same, or as similar as attainable, to their or 

similar un-impacted catchments. The health of the network depends on the balance 

between these various forms. Structural indicators measure the chemical services 

provided by ecosystems, the composition of the invertebrate and fish communities, and 

macrophytes and algae. Functional indicators measure the hydraulic functions , water 

quality, and focuses on primary productivity and organic matter decomposition. 

Disruption of either, or both, the structure or function occurs with land use changes. 

These changes may occur over time cumulatively or rapid ly and destructively. The 

major factor identified in numerous studies is deforestation where biogeochemical , 

hydraulic and habitat provision are all disrupted or destroyed (Young et al., 2004). 

Ecological integrity 

The term 'ecological integrity, a term describing the condition or health of a network of 

streams, was first introduced under the USA Clean Water Act, 1972 (Karr, 1981). It is 

usually defined according to human concepts of human health, and indicators of health 

have been devised along these lines. These concepts of health have the common theme 

of maintaining structure and function and of an absence of stress within the stream 

network. Indices of ecological integrity have been developed for evaluating species 

richness (fish and invertebrates), using indicators such as pollution-sensitive taxa and 

the relative abundance and/or dominance of particular taxa (Karr, 1981 , 2005). 

However, Jansson et al. (2007) have drawn attention to the need to recogmse that 

ecosystem structures and function are complex and that any undertaking to restore an 

ecosystem involves not only the target area but also the connectivity with surrounding 

landscapes . Thus, components of ecological integrity will be reflected in the index of 

biological integrity (IBI) for communities eg Fish IBI. 

Baron et al. (2002) identified five characteristics of streams that drive their ecosystems, 

namely: (1) flow regime; (2) organic matter input; (3) temperature and light; (4) 
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chemical and nutrient input; and (5) biotic assemblage. They are inter-related and 

connected such that any evaluation of an ecosystem must consider them together. These 

drivers are pertinent to the Whareroa Stream both on the Whareroa Farm and in Queen 

Elizabeth Park, where the potential for restoration of forest to land that has been farmed 

for more than a century relies on the current integrity of the streams and riparian zones, 

the potential for mitigation and restoration, and future practical land-use management 

decisions. 

Streams afford small-scale processes within the over-arching physical factors affecting 

waterways such as climate and geomorphology, and are pivotal in determining flow 

characteristics and species interactions. Their riparian ecosystems protect against 

erosion and flooding, contribute to nutrient input and assist with water temperature 

control. 

There has been recent acknowledgement that biologically intact freshwater ecosystems 

benefit humans both short and long tem1 (Edward-Jones et al. 2000). The structure and 

function of aquatic ecosystems are the links between the catchment and their ultimate 

destinations (lakes, wetlands, rivers or the sea). They provide the dynamic goods and 

services produced by the ecosystem and are thus influenced by modifications to land 

use and human needs (Baron et al. , 2002). 

Assessing human impacts 

A variety of studies in New Zealand (Quinn & Hickey, 1991 ; Harding & Winterbourn, 

1995) and overseas (Saunders et al. , 2004) have identified that stream ecological 

"health" is a whole catchment land use issue. The downstream effects of human 

interference at any part of a stream network can have ruinous results for associated 

ecosystems. Dramatic changes to stream hydrology will affect water quality, physical 

habitat and biotic interactions, and include deforestation of catchments and riparian 

zones, land use changes to agriculture or urbanisation, wetland drainage, straightening 

of farm streams, barriers to flow such as culverts, and denial of fish and aquatic 

invertebrate access from in-stream structures including dams and weirs (Collier, 1993; 

Joy & Death, 2004). Consistently, there are findings of reduced taxonomic richness in 

streams draining farmlands as compared with those from bush and forested lands 

(Harding & Winterbourn, 1995; Thompson & Townsend, 2004). 
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Fish communities 

Land use changes affect both macroinvertebrate and fish communities, and macrophyte 

and periphyton growth (Biggs, 1989). An assessment of east coast streams of the North 

Island of New Zealand showed a marked mal-distribution of galaxiid species between 

and within first and second order streams in different land uses. Of the six fish species 

studied, galaxiids such as koaro ( Ga/axias brevipinnis) and banded kokopu ( G. 

fasciatus) were more common in nati ve and exoti c forest streams, but shortfin eels 

(Anguilla australis) and inanga (G. macu/atus) were more common in pastoral areas 

(Rowe et al. , 1999). A survey of a Waikato pastureland stream with high nutrient 

concentration also showed domination by shortfin eels and an absence of ga laxiids 

(Hicks et al., 2001 ). Many studies have found that enrichment-sensiti ve 

macroinvertebrates, such as Ephemeroptera, Plecoptera, and Trichoptera (EPT) species, 

are replaced by more enrichment tolerant ones such as molluscs, crustacea and 

chironomids (Harding & Winterboum, 1995; Quinn et al. , 1997; Harding, 1999; 

Thompson & Townsend, 2004; Death & Collier, 2007). 

Invertebrate communities 

New Zealand streams are characteri stica lly subject to a non-seasonal climate where 

rainfall occurs year round, fla sh flooding is unpredictable, non-deciduous native forest 

is a poor suppli er of leaf litter and woody debri s, and there is considerable asynchrony 

of emergence among the stream macroinvertebrates. Thompson (2000) considers that 

this has resulted in a resili ent opportunistic fauna with a lack of ecological 

speciali zation, and li fe history flexibility. He illustrates the point w ith reference to two 

features - (a) a small group of macroinvertebrate species found across a va riety of 

settings, eg ubiquitous Deleatidium spp. and Potamopyrgus spp. , and (b) a few species 

found in high dens ities within different land uses eg (i) chironomids in pasture streams 

with high turbidity, (ii) tri choptera (Olinga f ereday i) in tussock-land streams and (ii i)) 

stonefli es (Austroperla cyrene) and black fli es (Austrosimu/ium spp.) in bush streams. 

The anthropogenic changes in land use with their w idespread disturbances to freshwater 

ecosystems and clean water have been largely responsible for the development of local 

NZ bio tic measures to address and monitor water quality. Biotic indices have 

superseded chemical indices as measures of clean water in many regions worldwide. 

Karr (2005) noted that in one example cited by Davis et al. (1996) in their 'Summary of 
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State Biological Assessment Programs for Streams and River' , chemical evaluations 

failed to detect 50% of the damage to surface waters when compared to the more 

sensitive biotic methods. 

Assessment methods 

As ecological health of streams is the result of a combination of ecosystem structure and 

function, each of these elements has been widely researched, structure more than 

function . Ecological structural attributes, such as quantitative and qualitative 

assessments of ecologic communities and their resources, are referenced to pristine 

conditions for comparison with the actual site being studied. Ecological function 

attributes, which evaluate ecosystem processes such as primary production and oxygen 

consumption, are qualitative and unreferenced (Gessner & Chauvet, 2002). 

There are a number of methods available for the assessment of the structural and 

functional components of stream ecological integrity. The main ones are summarised 

below. 

Structural Assessment 

The transformation of rural land use from forest and tussock to agriculture in New 

Zealand has now reached 51 % of the total land mass representing a very significant 

threat to the ecological integrity of streams and rivers throughout the country (Quinn et 

al. , 1997). The ecosystem structural stresses are reflected in reduced populations of 

sensitive taxa, increased invertebrate densities , increased periphyton and macrophyte 

mass and changes to fish communities (Winterboum, 1986; Townsend et al., 1997; 

Quinn et al., 1997; Harding et al., 1999; Rowe et al., 1999). 

Whareroa Farm is likely to be no exception to this general tenet. The single metric 

(MCI), multimetric (IBI), and multivariate predictive model methods of assessment 

(point click fish) provide insights into structural dysfunction. 

Metric assessments 

In New Zealand, biologic indicators for clean running water and stream health have 

focused on the use of the ubiquitous macroinvertebrates as indicators of the condition of 
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fresh running water. The Macroinvertebrate Community Index (MCI) (Stark, 1985) was 

developed as a tool for assessing the nutrient enrichment of stony bottomed streams on 

the Taranaki Ring Plain but is now widely used by all Regional Councils. 

The metric used is the tolerance score of the macroinvertebrates found where the most 

pollution-sensitive taxa have a higher score (Helicopsyche = 10, Chironomus = l) 

(Appendix 4) . The MCI is a non-quantitative index derived from these scores and gives 

an evaluation of the degree of pollution of a stream, with the higher indices indicating 

better stream health . If the most sensitive taxa (Ephemeroptera, Plecoptera, and 

Trichoptera (EPT) species) were expected to dominate but were sparse or absent, this 

would provide evidence that there had been a change in the community composition in 

the stream, and particularly if there was also dominance by Mollusca, Crustacea, 

Chironomidae, and Oligochaeta (Wright-Stow, 2003). 

The advantage of the MCI is the ease with which it can be performed, requiring minimal 

equipment, and no laboratory facilities , as identification usually goes down to genus 

only in the fi eld. The Z Macroinvertebrate Working Group developed protocols for 

sampling macro invertebrates in wadeable streams (Stark et al., 2001) to ensure standard 

procedures that would minimise variability in data collection (Stark, 1993). 

One difficulty in assessmg stream health is that usmg the MCI alone does not 

necessarily identify that stream fauna are immediately reacting to the stresses and 

influences on the ecological function of a stream (Nelson, 2000). Macro-invertebrate 

communities may take some time to change their structure under stress as was shown in 

an Australian study in forested streams where stream metabolism was markedly affected 

by increased turbidity and increased nutrient levels, but the macroinvertebrate 

community appeared unchanged (Bunn & Davies, 2000). There has been debate as to 

exactly what the MCI and the Quantatative Macroinvertebrate Community Index 

(QMCI) indices measure relating to pollution, as they are not always identical 111 

interpretation of the results (Stark, 1998; Wright-Stow & Winterboum, 2003). 

Other tools that have been developed to measure invertebrate community structure 

include the MCI derivative QMCI (Wright-Stow & Winterboum, 2003); species 
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evenness (Death & Winterbourn, 1995); proportion of sensitive taxa present (Quinn et 

al., 1997); species composition (Harding, 1999) and taxa richness (Quinn et al. , 1997). 

Multimetric assessment 

The Fish Index of Biologic Integrity (IBI) is a multi-metric index that has become 

established as an essential index of clean water (Joy & Death, 2004; EPA, 2007) . It is 

based on the presence-absence of predicted taxa. The metrics used to assess the 

freshwater fish assemblages in New Zealand streams differ from those used in the 

Northern Hemisphere, as there are a smaller number of species, and high diadromy is 

usual. The strength of the IBI as a measure of habitat quality has, therefore, been called 

into question since many features other than habitat quality may contribute to changes 

in a fi sh community (Joy el al, 2000; McDowa ll el al, 2000). Its re levance as a water 

quality indicator has also been challenged with regard to the small number and limited 

diversity of fi sh species (McDowall & Taylor, 2000). 

However, Joy & Death (2004) were able to show, using a multi -metric approach, that 

species richness in Z streams is a function of altitude and distance from the coast. The 

six metrics used were ' the number of native species, the number of nati ve riffle 

dwelling species, the number of native benthic pool species, the number of native 

pelagic species, the number of intolerant or sensitive native species and the proportion 

of alien species ' . The scores for each site relative to their altitude and di stance from the 

sea provided an index of biotic integrity where higher scores indicated better water 

quality. The recommendation that all sampling be conducted in late summer has 

recognised that valid surveys of diadromous fi sh requires them to be in freshwater and 

this is most like ly for all species at the end of summer. 

Functional assessment 

The consequences of changed land use on ecosystem function have been less well 

studied than that on ecosystem structure. Rates of organic matter decomposition are 

increased in the presence of agricultural land use, and there is altered ecosystem 

metabolism including altered respiration and primary productivity (Gessner & Chauvet, 

2002). Levels of primary productivity may be affected by the degree of riparian canopy 

cover, increased turbidity, nutrient enrichment and pH. Measures of the rates of leaf 

litter breakdown are presently favoured a s indicators of ecological functional health 
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(Young, 2006) though whether 50% leaf mass loss rates or leaf toughness loss rates are 

more useful is unresolved. 

Studies across 65 NZ sites found that leaf mass loss rates did reflect broad differences in 

ecosystem functioning, but leaf toughness loss responded mainly to microbial 

decomposition and was negatively correlated to the MCI (Young, 2006). Mahoe (M 

ramiflorus) leaves, which have a rapid decomposition rate, were used in all sites . NZ 

macroinvertebrates are not specialised ' shredders ' but have generalised dietary 

requirements often confounding the findings of leaf pack investigations. Nevertheless, 

the selection of leaves in a stream has been shown to be important for collector-browser 

invertebrates such as O/inga fereday i larvae (Quinn et al. , 2000) suggesting that optimal 

riparian restoration should be selective in its plantings. 

Studies overseas have found increased leaf breakdown in pastoral streams where both 

nutrient levels and macroinvertebrate density are high (Gessner & Chauvet, 2002; 

Danger & Robson , 2004; Macdonald, 2006) . Perceived time constraints, technical 

difficulties and costs have mitigated against the widespread regular use of leaf packs. 

Standardisation of parameters reflecting the speed of litter breakdown, the type of leaf 

used and stream classification are seen as essential developments in implementing the 

method (Gessner & Chauvet, 2002). The Ministry for the Environment is presently 

researching methods for use in NZ. 

The impacts of human activities on urban stream health in NZ cities in addition to that 

alread)I identified for rural streams, has led to a more holistic approach to stream 

ecological assessment. All classes of urban land are being replaced by dwellings, 

factories and infrastructure elements such as roads . Streams are frequently culverted, 

channelised and modified, often with gabions and other barriers, concrete linings and 

stripped of any riparian zone. Heavy sediment loads of dust from excavation sites 

maybe wind blown into streams or run-off directly in rainfall events, and drainage from 

roads and storm water drains is frequently polluted. Changed flow regimes, bank 

erosion, fewer native fauna and increased macrophytes are indicators of reduced 

ecological integrity in the urban streams. (Rowe, 2006, Title page). 
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The RMA (1999) requires that the environmental impacts of land use changes and 

human-induced activities be assessed. This was the driver that resulted in the 

development of the Stream Ecological Valuation (SEY) instrument for the ARC (Rowe 

et al, 2006). The SEV provided "a method for scoring the eco logical performance of 

Auckland streams and for quantifying mitigation" (Rowe, 2006, Title page). Though 

deve loped as a guideline for mitigation, it has w ider applications for stream health in 

other environments . lt was successfully used to assess streams in the northern 

Wairarapa to detennine the ecological differences between streams in forested areas and 

those in pastureland (Macdonald, 2006). 

The method compares reference streams with the streams under investigation through a 

seri es of functions - hydraulic functions (water storage, movement and transport); 

biogeochemica l functions (related to mineral s, particulates and water chemistry); habitat 

provision functions (type , amount and quality of habitats for flora and fauna) and 

biodiversity provision functions (occurrence of diverse populations of indigenous plants 

and animals). The SEV is a melding of the biotic assessments, structural factors and 

physico-chemical conditi ons of a stream. 

Aims of study 

The Whareroa Stream and its tributaries have never been evaluated for their cun-ent 

ecological status or their potential for sustaining macroinvertebratcs and fish. This 

baseline study of the south branch of the Whareroa Stream was focused on the 

functi onal and structural relati onships of the stream and its tributaries, inc luding 

assessments of the hydraulic, biogeochemical , habitat, biotic and riparian functions. 
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Map 2. Map of study sites (A, B, C, D, E) on south branch of the 
Whareroa Stream. 

Site A - near confluence of north and south branches of Whareroa Stream. 

Map coordinates 237409. 

Site B - near SH I Queen Elizabeth Park. Map coordinates: 237748. 

Site C - on northeast branch of stream, Whareroa Farm. Map coordinates: 23 7905 

Site D - on east branch of stream, Whareroa Farm. Map coordinates: 238253 

Site E - on Ramaroa Stream, southern branch of Whareroa Stream, Whareroa Farm. 

Map coordinates: 238286 

20 
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Three of the stream sites for evaluation were on Whareroa Farm and two in Queen 

Elizabeth Park, providing a broad view of the ecological integrity of the streams (Map 

2). A small study of the habitat for fi sh and macroinvertebrates in the lower reaches 

done in 2005 (Joy, 2005) gave some guidance as to the fauna that might be expected 

upstream , but recent road works at Mackays Crossing may have compromised the 

ability of the macro-invertebrate and fi sh communities to access the fa rm streams. 

Baseline ecological studies provide vital information on the current situation of a stream 

or network of streams. The functional and structural functions of the stream network 

depend on the past and recent history of the local environment, particularly changes in 

land use over time, and the current use of the environment. Assessment of the cuITent 

situation is, therefore, a springboard or reference for the future monitoring of ecological 

changes occurring with any new land usage including retirement of land for restoration. 

A base line study is a refl ection of the ecological integrity of the entire catchment. It is 

essential for any restoration project that a moni toring programme is included in the 

project plan to measure change and thus a llow for early intervent ion and mi tigation 

where adverse effects are noted. The preferred new land use is likely to include sheep 

farming on the down country, as well as the restoration of the bush in the Whareroa 

Stream headwaters and riparian zones . The results of this survey wi ll provide the 

baseline ecological information for the Whareroa Fam1 management plan. 
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Research Methodology 

Study area and selection of survey sites 

The Whareroa Stream 

22 

The Whareroa Stream catchment hillside has a base of greywacke bedrock, deeply 

incised by its streams. The steep valley sides in all areas were eroded by animal tracks 

and had superficial slipping (Mackay, 2007). Apart from areas near the woo lshed and 

the shepherd 's cottage, where the ripari an strip was fenced, fencing was unsympatheti c 

to restorati on of bush with streams being very accessible to animals . As a consequence, 

stream banks were broken for up to 2-4 metres at or near cross ing points on the hilly 

sites. The streams carried visible sediment below these areas especially w hen cattle had 

recently crossed and after ra in. Riparian growth other than grass was sparse for most of 

the area. A small wetland swamp area was present near the entrance to the fam1. Bog 

and swamp areas on the valley sides were freely accessed by cattle. 

The three stream s ites on Whareroa Farm and two stream sites in Queen Eli zabeth Park 

selected for investi gation of their stream ecological va lues (SEY), represented the 

general variations in geomorphology of the Whareroa Stream catchment. These 5 sites 

provided a comprehensive view of the current a nd potential eco logical valuations of the 

south branch of the Whareroa Stream (F igures 3-7). All streams were perennial and 

thus provided potential habitats for macroinvertebrates and fi sh fauna. 

The study reach at each of the sites was 50m long and as straight as the landform would 

allow (see Map 2). The farm sites C and 0 were freely accessible to cattle if and when 

the rotation of animals around the farm used the specific paddocks containing the study 

site. 

Access to the farm sites was agreed to w ith M inistry of Works personnel working at 

Mackays Crossing, DOC and the resident shepherd . Access to the stream in Queen 

Elizabeth Park is unlimited as it had public access, the Ranger having also been 

informed . Any limitations to the study sites on the fam1 were detennined by stock in the 

areas or flooding of the streams. Stream invertebrate samples preserved with 10% 

formalin were taken to the laboratory at the Ecology Department, Massey University, 

Palmerston North, for identification of the macroinvertebtates they contained using 



Chapter 2. The Whareroa Stream - an ecological valuation 23 

illustrated keys for aquatic and water-associated insects inhabiting New Zealand 

(Winterboum et al, 2000). The streams were assessed in the spring and autumn to 

determine seasonal variations in macroinvertebrates, and in the summer and winter to 

establish changes in fish populations. 

Survey sites descriptions 

Site A: Site A was a third order, extensively channelised stream within Queen 

Elizabeth Park l 6m above sea level and 1.1 km from the sea. It was upstream of the 

confluence with the north branch of the Whareroa Stream and received several farm 

streams above the study site . The stream base was up to l 6cm sediment (possibly 

topsoil) on bedrock which was not exposed. There was abundant macrophyte invasion 

from water celery (Apium nodiflorum) and watercress (Rorippa naslurlium-aquaticum). 

The stable grassy banks were l .5m high with recent plantings of grasses and shrubs. 

Fencing to the north and south was more than 50m from the site. 

Figure 3. Site A, Queen Elizabeth Park 
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Site B: Site B was a partially channelised, third order stream, I 9m above sea level and 

l .9km east of site A. It had stable banks l .5m high. The streambed had a cobble base 

and a moderate amount of macrophyte cover. There was some riparian low scrub on the 

right bank and mature exotic and native trees on the left (south) bank. The banks 

stretched on to flat compacted duneland and peat overlain with clay fill to the south and 

north. The compacted land was a remnant of the USA Marine camps and supports 

grasses. 

Figure 4. Site B, Queen Elizabeth Park. 
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Site C: This site was part of a meandering, first order stream, 161 m above sea level , on 

Whareroa Fann and 5. 7km from the sea. It flowed southwest from a ridge 272m above 

sea level on the Maungakotukutuku hills. Above the site there was steep hill country 

reverting to scrub (gorse, mahoe and manuka) and a small amount of native bush. The 

stream base was cobble. There was abundant macrophyte invas ion from watercress 

(Rorippa nasturtium-aquaticum). The stream banks were slumping and cattle damaged 

(Figure 27). 

Figure 5. Site C, Whareroa Fann 
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Site D: Site D was a second order stream 6.2km from the sea and I S4m above sea level. 

It flowed through a central steep deeply incised valley arising from the eastern hills. 

Downstream of the reach were large areas of bog on a slumping hillside. The stream had 

riffles, pools and undercut banks, a cobble base and minimal macrophyte cover. There 

was no stream cover but the right bank sloped up to >Sm high and the I .Sm left bank 

supported mature gorse >3m high. Water was drawn from the lower end of the reach for 

the farm reservoir. 

Figure 6. Site D, Whareroa Farm 
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Site E: (Ramaroa Stream): Site E was on a second order stream 6lm above sea level, 

6km from the sea, and on the southernmost tributary of the Whareroa Stream, the 

Raramoa Stream. The reach had pools and riffles, a cobble base, large amounts of leaf 

litter and some undercut banks suggesting an ideal galaxiid and bully habitat. The right 

bank of the stream was > 1 Om high with trees on top, but the left bank was only 1 m high 

and tree covered. The bush area had been fenced off from animals for more than two 

decades allowing kohekohe (Dysoxylum spectabile), matai (Prumnopitys taxifolia) and 

titoki (Alect1 yon excelsus) to regenerate. 

Figure 7. Site E, Raramoa Stream, Whareroa Farm. 
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Data collection 

Stream Ecological Valuation (SEY) 

On-site data collection was made in October-November 2006 at each site. The 

compilation of data in the field was on worksheets prepared for the location and loosely 

based around the spreadsheet requirements (Appendix 2). The data was entered on a 

NIWA EXCEL spreadsheet using the SEY algori thms to calculate the ecological scores 

for each stream (Appendix I). It covered the four main ecological stream functions -

hydraulic, biogeochemical, habitat provision and biodi versity func tions (Table I ) . 

Scoring the ecological functions followed the methodology adopted in the ARC survey 

(Rowe et al, 2006), where the algorithms had been developed to combine the 

measurab le variables of a stream's ecological function. Each variable was scaled 

between 0 and I and then weighted to reflect its relative importance. The handbook 

"Stream Ecological Evaluati on: a method for scoring the ecological performance of 

Auckland streams and for quantifying mitigation" was the main source of information in 

providing the formulae for calculations using direct data. 

Table 1. Key functions of a stream ecosystem with funct ional indicators that comprise 
their assessment (Rowe et al, 2006) 

Ecological functions Functional indicators 

Hydraulic functions Natural flow regime (NFR) 

Connectivity to floodplain (Lateral conductivity) (CFP) 

Connectivity for species migrations (Longitudinal connectivity) 

(CSM) 

Connectivity to groundwater (Vertical connectivi ty ) (CGW) 

Biogeochemical Water temperature control (WTC) 

functions Dissolved oxygen maintenance (DOM) 

Organic matter input (OM!) 

In-stream particle retent ion (IPR) 

Decontamination of pollutants (DOP) 

Flood-plain particle retention (FPR) 

Habitat provision Fish spawning habitat (FSH) 

function Habitat for aquatic fauna (HAF) 

Biodiversity function Fish fa una intact (FFI) 

Invertebrate fauna intact (IFI) 

Riparian vegetation intact (RVI) 

The focus for each function at each site followed the summary chart in Table l. 
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The functi on scores for the five sites were analysed using the spreadsheet formulae and 

variables. The means of the function scores were expressed as percentages of the 

possible maximum and provided a view of the type and extent of modification that had 

occurred. 

Descriptions of functions 

Hydraulic Functions 

Natural .flow regime (NFR): The channel types, the extent of modifications, natural 

bank erosion and the proportion o f upstream imperviousness in the Whareroa Streams 

network were assessed visually. Changes to natural flows w ill alter the ecologica l 

characteri stics of a reach including substrate structure, water fl ow dynamics, sediment 

retention and bank erosion. 

Connectivity to the .floodplain (l ateral connectivity ): (CFP): A floodplain provides an 

essential fo il for diffusing and delaying flood events, retaining sediment and flood 

depos ited vegetation and prov iding spawning grounds for native fish such as inanga 

(Galaxias maculatus) and koaro (G. brevipinnis). The floodplain w idth and the 

frequency of flooding were used as indicators of the floodplain 's value to the Whareroa 

Stream's network. 

Connectivity f or species migration (Longitudinal connectivity ) (CSM): Artificial 

barriers, such as the Mackays C rossing culvert, may reduce or prevent the annual 

migration of diadromous fi sh eg. galaxiids, and aquatic macroinvertcbrates eg. shrimps 

(Paratya sp) from the sea to their upstream spawning areas. 

Connectivity to groundwater (Vertical connectivity ): (CGW): Disturbances to the 

streambed affect the hyporrheic zone and impede the process ing of nutrients and 

contaminants. 

Biogeochemical functions 

Water Temperature Control (WTC): The variables that influence water temperature 

control in summer include the proportion of shade from the riparian zones and banks, 

water depth, water velocity, and exposure to solar radiation and ambient air temperature 
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variations. Shade (from trees, banks or structures) for the entire stream above the reach 

is seen as the most important factor in water temperature control affecting the ecological 

processes in the streams. 

Dissolved oxygen maintenance (DOM): As the amount of dissolved oxygen in water 

determines the organisms that can live in that environment, the scoring for this variable 

was focused on a visual assessment of the status of the stream substrate and va luation of 

any oxygen reducing processes present. A stream that is cool and has surface riffles will 

absorb moderate quantities of oxygen by diffusion but where there is an abundance of 

macrophytes and algae, the absorbed oxygen and that produced by photosynthesis 

during the day wi ll be used at night and the water severely oxygen depleted to the point 

of eutrophication. 

Organic maller input (OM!): The amount of organic matter, mainly leaf litter, entering 

a stream from the overhead canopy is an indicator of the production potential of a 

stream. The contribution from native evergreen and exotic deciduous trees varies w ith 

the seasons. 

In-stream particle retention (IPR): The retention of leaves and debris retaining 

structures in a stream is critical to the effective processing of organic material by 

macroinve1tebrate and micro-organisms, and will depend on the length of a reach and 

its flow characteristics. 

Decontamination of pollutants (DOP): Stream substrates suitable for the growth of 

micro-organisms (fungi and bacteria) that are able to decontaminate pollutants include 

leaf litter, periphyton, roots, wood and macrophytes. The composition and structure of 

the substrates within a reach will determine its potential role as a decontamination site. 

Flood-plain particle retention (FPR): The ability of flood-plains to sustain ecological 

values by retaining silt and vegetation loaded during floods is a function of floodplain 

width, flood frequency, and the structure of the vegetation on the floodplain eg. grass, 

shrubs or trees. 
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Habitat provision functions 

Fish .spawning habitat (FSH): A key function of streams is the provision of spawning 

habitats for fi sh. Galaxiid species deposit eggs on stream banks at high water level 

among the roots, grasses and shrubs. Bullies deposit eggs on hard surfaces such as the 

underside of rocks and in-stream wood. 

Habitat for aquatic fauna (HAF): The physical habitat for fi sh and invertebrates is 

created by interactions between many aspects of the physical functions within a stream 

including low grassy banks, wood debris , leaf litter, cobble and boulders . Important 

features include the potential for colonisation, stream stabili ty, hydrological conditions, 

channel shade and the integri ty of the riparian zone (Appendix 3). 

Biodiversity vegetation intact 

Riparian vegetation intact (RYI) : The ripari an zone plays a major role in maintaining 

stream ecological health . It acts as a fi lter to both surface water and groundwater 

entering the stream , provides overhead cover, provides wood debris and leaf litter, and 

maintains aquatic insects . Stream water supports the riparian plants and provides a 

haven for the larvae of terrestrial and aquatic insects. The land - water interface and 

interaction is key to ecological health . 

Invertebrate fauna intact (!Fl): An intact invertebrate fauna is fundamental to the 

conversion of primary production into secondary production in a stream and hence the 

productivity of fi sh . The !Fl id derived from the MCI of the reach as a proportion of the 

expected MCI (reference site) .. 

Fish fauna intact (FFI): The fish !Bl is a measure of the assemblage of fish within a 

stream network. 
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Structural component indices 

Macro-invertebrate Community Index (MCI), Quantitative Macro-invertebrate 

Community Index (QMCI), Ephemeroptera, Plecoptera, Trichoptera (EPT) index 

and Fish 181 

Samples were collected in November 2006 and March 2007, the two collections 

providing information on any seasonality shown by the local macroinvertebrates. It has 

been noted that New Zealand does not appear to have the same seasonality associated 

wi th its stream fauna that is present in the northern hemisphere. The protoco l fo llowed 

was as described in " Protocols for sampling macroinvertebrates in wadeab le streams; 

Protocol Cl: Hard-bottomed Semi-quantitative" (Stark et al, 200 I) 

A D-fra med hand net (0.5mm mesh) was used in a ll sites. It was placed on the 

streambed and moved upstream slow ly in the current for 20 seconds at each transect 

(about I Om) . Where there was a cobbled/stony bottom, kick sampling and stone 

disturbance was undertaken, but at all sites the substrate was disturbed . Where possible 

the samples were taken in riffles (eg. Sites 8, C, D, E). In areas with large amounts of 

macrophytes, these were disturbed for approximate ly a meter above the sample. 

Filamentous algae were removed where po sible. Where fish were caught these were 

removed as were large leaves and twigs. The samples were transferred to labe lled 

containers, two thirds filled with stream water and the contents preserved in I 0% 

forma lin. The field sheets were completed with date and site details. 

Process ing of the samples was undertaken at the Ecology Laboratory, Massey 

University, Palmerston North. The preserved samples were washed through a sieve, 

usually 0.5mm. The materi al not required for analysis was returned to the sample 

container. 

The washed sample was placed in a white tray for analysis. Taxa were identified, w ith 

the aid of microscopy, using the keys provided by Winterbourn et al (2000), and the 

'Photographic guide to freshwater invertebrates of Taranaki' compiled by the Taranaki 

Regional Council. The larvae were then counted and placed in labelled vials. The data 

was fed into an EXCEL spreadsheet based on the minimum level of identification 

developed by Stark (1998) (Appendix 4). 
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The spreadsheet included the MCI tolerance values and identified the EPT taxa. The 

MCI, QMCI, EPT and taxa count were calculated. The seasonal variation of taxa 

present was charted (see Appendix 6). The relationship between organic enrichment 

(water quality classification), MCI and QMCI was charted according to the parameters 

developed by Wright-Stow and Winterbourn (2003) (Table 2) . 

Table 2. MCI/QMCI. Degradation categories with Macroinvertebrate Community 
Index (MCI) and Quantitative Macroinvertebrate Community Index (QMCI) . 

(from Stark, 1998) 

Degradation MCI QMCI 
categories 

Clean water > 119 >5.9 

Doubtful quality or possible mild 100-119 5.0-5 .9 
degradation 

Probable moderate degradation 80-99 4.0-4.9 

Probable severe degradation <80 <4.0 

Fish IBI 

The Index of Biological Integrity (IBI) for fish was calculated from sampling 

representative sites of a stream network by fish trapping and electro-fishing. The IBI 

assesses the fish communities after taking into account elevation and distance inland. 

These are obtained from the River Environment Classification (REC) for the sites. The 

fish surveys were made in January and May 2007 to ensure that diadromous fish were 

accounted for in the Whareroa stream network. 

Electro-fishing 

Electro-fishing at five transects of each reach l Om apart was undertaken by the use of a 

portable backpack, pulsed DC electric Kainga EFM 300 NIWA fishing machine. The 

stunned fish were caught in a fine mesh net just downstream of the electro-fishing 

operator. The fish were identified, photographed, counted, recorded, and released 

rapidly with no apparent harm. 
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Fish trapping 

Three types of fish traps were used. Three 220mm diameter pot-type G-minnow metal 

traps with 5mm mesh were placed at each site, together with two collapsible nylon pot

type traps of similar mesh. As well as the fish traps at site A, three larger nylon Fyke 

nets were deployed with the entrance facing downstream and the gate angled across 

stream . The Fyke nets were 3m long, w ith 3m gates and had 600mm diameter hoops. 

Two of the nets had I 2mm mesh and the other 2mm mesh. Al l traps and nets were 

retrieved after 24 hours, and the fish (including eels) and crustacea removed, identified, 

photographed, counted and released with no apparent harm. 

Physicochemical conditions 

Temperature variation 

Onset Hobo H8 temperature loggers placed at each reach in a deep si te measured 

variability in daily water temperatures. They were removed after 185 days and the 

infonnation uploaded to assess daily maximum and minimum temperatures. 

Temperature variabi li ty was usually greatest with lack of riparian cover to a stream or 

seen where there was a dense canopy under which a stream flowed . Where variability 

was great, the assemblages of fauna might be markedly reduced or absent, and this 

would be reflected in the MCI and Fish 181. 

Turbidity 

Turbidity occurs as a result of the effect of suspended sediment on light passing through 

water. It was measured using a Im long, 50mm diameter, clear acrylic clari ty tube, 

graduated along its length in centimetres, and w ith a black magnetic di sc in the tube. A 

direct reading on the tube indicated the degree of turbidity (Table 3). Persistent turbidity 

may result in distortions of macroinvertebrate assemblages and, where severe, on the 

fish population. 
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Table 3. Definitions of turbidity readings using direct readings from 
clarity tube (from SHMAK, 2002) 

Clarity tube readings Turbidity 

>90cm Clear to bottom 

70-90cm Slightly turbid 

55-69cm Moderately turbid 

30-54cm Very turbid 

<35cm Extremely turbid 

Conductivity 

35 

The conductiv ity of the stream water was measured using a EUTECH Cybernetics 

TDScan 3, 0 1990 µS , automatically adjusted to 25°C, the measurements recorded as 

microsiemens/cm (µSiem). The result measures of the ability of water to conduct an 

electrical current and is affected by the presence of inorganic dissolved so lids and ions 

such as chloride, nitrate, phosphate, sodium, calcium and iron (Table 4) . lt may also be 

affected by water temperature, increasing with warmth, and by ions g leaned from the 

bedrock through which it flows, with clay soils giving high conductivity. Changes in 

conductivity may indicate pollution parti cularly with nitrate or phosphate. The presence 

of inorganic pollutants will alter the expected stream fauna assemblages. 

Table 4. Definitions of conductivity readings using EUTECH Cybernetics 
TDScan3, 0 1990 (from SHMAK, 2002) 

Conductivity (µSiem) Interpretation of result 

<50 Very low concentrations of dissolved ions 

50 - 149 Low concentrations of dissolved ions. 

150-249 Slightly enriched waters. Thick slime and periphyton growth 
111 summer 

250 - 399 Moderately enriched water. Thick slime and periphyton on 
stable objects in stream in summer. 

>400 Enriched waters. Extensive green filamentous periphyton in 
summer. Catchment may be mudstone/siltstone. 
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pH 

pH was assessed using Merck Neutralit strips (pH 5-10). These strips measure in 0.5 

units, and after immersion for 10 minutes the colour is compared with the reference 

colours on the packet to give a reading. Clean stream water has a neutral pH of 7. 

Where the pH is low (<7) this indicates acidity as may arise from litter decomposition 

or acid soils (peat). Such acidity can compromise the sustainability of some 

assemblages of fish and/or aquatic invertebrates . Changes in pH from neutral to acid or 

alkaline (ph>7) may also indicate the presence of pollutants that have entered the water 

from animals or anthropogenically. 

Data analysis 

Multivariate analysis 

Non-metric dimensional scaling (NMDS) ordination usmg PC-ORD (McCune & 

Mefford, 2002) was carried out to illustrate the relationships between the invertebrate 

communities. Environmental variables were then overlayed over ordination to reveal the 

relationships between invertebrate communities and the environment. Thirty 

environmental variables from the SEY database were used to isolate clusters of 

macroinvertebrates between streams and within the stream network. 

Metrics 

MCI, QMCI, EPT indices 

The MCI, QMCI and EPT indices were calculated using the NIWA Excel spreadsheet. 

The MCI is the sum of the tolerance scores of the taxa collected divided by number of 

scoring taxa and this result multiplied by 20. (Winterboum et al, 2000) (see Appendix 

5); the QMCI is calculated from taxon scores using quantitative or percentage data 

(Boothroyd & Stark, 2000) and may be more sensitive than the MCI to organic 

pollution (Table 2); and the EPT index targets three populations of sensitive taxa as 

indicators of clean water ie. Ephemeroptera, Plecoptera and Trichoptera. A low EPT 

index implies pollution and poor water quality. 
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Simpson's diversity index (1-D) 

The invertebrate community eve1U1ess index was calculated on a N IWA Excel 

programme using the formu la 

D = I n(n-1) 

N(N-1) 

where n = total number of organisms of a particular species, 

N= tota l number of organisms of all species 

Simpson 's Diversity Index was calculated from 1-0 where the greater the value, the 

greater the diversity, ie. the greater the species richness and evenness. 

Multimetrics 

Fish 181 

The fi sh counts were entered into an EXCEL data sheet that also had information on 

site, altitude and distance from the sea, and the 181 score was calculated using 181 

software (Joy, 2006). This uses 6 metrics specifically appropriate to ew Zealand 

freshwater fi sh fauna where there is only one trophic level and no disease in the w ild 

population. They were: 

Metric I (taxonomic richness): the number of native species. This metric excludes the 

alien species as they may influence the species ri chness in degraded habitats. 

Metric 2 (Habitat): the number of native benthic riffle species. This metric is an 

indicator of degradation in the riffle zones of streams 

Metric 3 (Habitat): the number of native benthic pool species 

Metric 4 (Habitat): the number of pelagic pool species . This metric excludes a lien 

species which tend to be pelagi c. 

Metric 5 (Intolerant species): the number of species intolerant to different 

environmental variables such as water quality and stream barriers. 

Metric 6 (Invasive species): the proportion of native to alien species m fish 

assemblages 
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Results 

Stream ecological valuation (SEV) 

The SEY results for the 4 key ecological functions at the 5 sites are shown in Table 5. 

The ecological values obtained showed that the network of streams contributing to the 

south branch of the Whareroa Stream had generally poor ecological environments. Site 

A had the poorest SEY of 0.44 reflecting a loss of ecological value of 56%, while sites 

B and C had losses of 44% and sites D and E of 32%. 

Table 5. Ecological function scores for the Whareroa stream study reaches. 
(after Rowe et al, 2006) 

Ecological functions A B c D 

Hydraulic 

Natural flow regime (NFR) 0.53 0.53 0.73 0.90 

Connectivity with flood plain (CFP) 0.40 0.40 0.40 0.85 

Connectivity for migrations (CFM) 0.51 0.51 0.51 0.51 

Connectivity to groundwater (CGW) 0.70 0.70 1.00 1.00 

Biogeochemical 

Water temperature control (WTC) 0.81 0.79 0.66 0.78 

Dissolved oxygen maintained (DOM) 0.75 1.00 1.00 1.00 

Organic matter input (OMI) 0.05 0.22 0.10 0. 10 

In-stream particle retention (IPR) 0.09 0.07 0.47 0.6 1 

Decontamination of pollutants (DOP) 1.00 1.00 1.00 0.27 

Flood-plain particle retention (FPR) 0.55 0.55 0.41 0.59 

Habitat provision 

Fish spawning habitat (FSH) 0.55 0.75 0.59 0.88 

Habitat for aquatic fauna (HAF) 0.31 0.55 0.54 0.50 

Biodiversity 

Fish fauna intact (FFI) 0.67 0.60 0.57 0.80 

Invertebrate fauna intact (IFI) 0.05 0.05 0.36 0.51 

Riparian vegetation intact (RVI) 0.40 0.80 0.48 0.53 

SEV (Mean) 0.44 0.57 0.56 0.67 

E 

0.90 

0.85 

0.51 

1.00 

0.68 

1.00 

0.95 

0.53 

1.00 

0.70 

0.43 

0.66 

0.57 

0.16 

0.90 

0.68 

Site A had a high DOP from an abundance of algae and in-stream macrophytes that 

were associated with increased nutrient and sediment run-off from farm streams. In-
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stream particle retention (IPR) was very poor at sites A and B resulting in very low IFI 

scores at both sites. 

An apparent anomaly ex isted at Site E , w hich had the advantages of being in bush with 

a good leaf litter input (OMI) but had only m oderate particle retention (IPR) and low 

FSH, FFI and IFI. In spite of the lack of riparian vegetation at site D, the high banks and 

stream habitat with riffl es, pools and undercuts, were associated with greater 

biodiversity than any other site (Tab le 6). 

Table 6. Summary of Functional scores for each reach (as percentages) and the final 
SEY score as per the ARC stream valuation protocol (after Rowe et al, 2006). 

Ecological values(%) 

~ A B c D E 
7 

Hydraul ic 53 53 66 83 8 1 

Biogeochemical 54 60 54 55 8 1 

Habitat provision 43 65 56 69 55 

Biodiversity 37 48 47 61 54 

SEY (Mean)% 44 57 56 67 68 

These results indicated that there was serious degradation of ecological function present 

at all sites but worst downstream at site A (Table 6). 

Multivariate analysis 

Non-metric dimensional scaling ordination (NM DS) of the data showed clearly the 

relationships between invertebrate communiti es (Figure 8). The ordination of the 

macroinvertebrate communities had a stress for two dimensions of 22 for Axis I , and 8 

for Axis 2 , indicative of the relatively small number of taxa able to be ordinated from 

the Whareroa s tream network The ordination clearly showed that changes occurred in 

the macroinvertebrate assemblages, with time and season at sites A, B and E, whereas 

sites D and C had simi lar assemblages in both seasons. Also of note was the similarity 

in the macroinvertebrate communities at sites E and D, and another simi lar community 

at sites A and C. 
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Figure 8. N MDS ordination of Axis I against A xis 2 for the 5 sites usi ng 
macroinvertebrate communities for the two seasons. 
(A 1 - E 1 = November 2006; A2 - E2 = M arch 2007). 
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The correlation between the macroinvertebrates and the most important ecological 

functions over two seasons arc demonstrated by the Figure 9 bi-plot graph. The communities at 

sites A and B, where there were significant flow rates (velocity), differed markedly from the 

communities at sites E and D. In -stream particle retention ( ipr), connectivity with the floodplain 

(cfp), organic matter input (omi), aquatic habitat (haf), natural flow regime (nfr) and pools were 

higher at these sites. The changes in correlations with season were evident at si tes A, E, and B. 
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The length of the red line on the bi-plot graph reflects the relative importance of the 

relationship. The prominent presence in the ordination of the SEY ecological functions 

ie. hydraulic, biogeochemical, habitat provision and biodiversity, (Table I) correlated 

with their role in the development and sustainability of successful invertebrate 

communities at sites D and E. 

Figure 10 illustrates the dominance of pollution-insensitive macroinvertebrates 

throughout the year at sites A, B and C ie. Tanypodiae, Isopodae, Physa, Paracalliope 

and Hydrophilidae. By contrast, sites E and D had an abundance of the pollution

sensitive mayfly, Deleatidium, and caddis fly , Olinga feredayi, in the late spring, this 

dominance persisting into autumn at site D. 



Chapter 2. The Whareroa Stream - an ecological valuation 

2 

s 
Bl 

x A 
A 

E2 
A 

El 

A 

DI 

& 

0 2 
Deleatidium A 

Olinga 

Hydrophilidae 

Axis 1 

82 
A 

A l 

A 

Tanypodiae 

lsopodae 

Paracalliope 

A 2 

A 

42 

Figure 10. A biplot graph showing the NMS ordination of the invertebrate 
communities with indiv idual species with correlation coefficients >0.5 
overlaid as the biplot. (Al-E l = November 2006; A2 -E2 = March 2007). 

Habitat quality and seasonal effects 

The MCI and QMCI values as indicators of organic enrichment, showed that, using the 

criteria of Wright-Stow & Winterbourn (2003), no site had clean water (Table 7), 

though site D was the least polluted with QMCI values of >5.9 on both occasions and 

site E the most improved (Table 8). Site B showed the greatest improvement in both 

MCI and QMCI, possibly associated with the withdrawal of construction at Mackays 

Crossing. The MCI and QMCI values generally improved over the summer period with 

the greatest improvement being in the sites that had reasonable tree shade ie. sites B and 

E. 
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Table 7. MCI and QMCI as measures of water quality at the study sites. 
(after Wright-Stow & Winterboum). 

Site Quality Quality 
Nov 06 Mar07 

A Severely degraded Moderately degraded 

B Moderately degraded Doubtful quality 

c Moderately degraded 
Moderately degraded-
doubtful quality 

D Doubtful quality- clean Doubtful quality- clean 

E Moderately degraded Doubtful quality 

Table 8. Comparison of MCI , QM Cl and EPT scores in November 2006 
and March 2007 at each site. 

Nov March Nov March Nov 
Sites MCI MCI QMCI QMCI EPT 

score 

A 81.33 88.91 i 3.97 4.76 i 0.029 

B 86.67 115 .9 i 4.11 5.18 i 0.359 

c 99.05 102.98 i 4.37 4.80 i 0.167 

D 115 112.98 -1- 6.46 7.38 i 0.684 

E 95 .71 108 .57 i 7.21 5.42 -1- 0.887 

Seasonal distribution of macroinvertebrate assemblages 
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March 
EPT 
score 

0.011 -1-

0.648 i 

0.172 -1-

0.459 -1-

0.529 -1-

As the MCI and QMCI rely on the presence or absence of sensitive taxa, samples of the 

macroinvertebrates were collected from each reach in November 2006, and March 

2007, to determine any seasonal difference in the aquatic invertebrate communities with 

seasonal changes (Table 8) . The distribution of the aquatic macroinvertebrates changed 

with the season resulting in MCI scores being increased or unchanged (site D) over the 

summer to autumn, and QMCI values increased except at site E. 
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The macroinvertebrate population over the network of streams was small. Of the 33 taxa 

identified in the stream network, there was only a moderate representation of 

Ephemeroptera ( 4) and Trichoptera (8) taxa. The greatest numbers were at site B -

Ephemeroptera (1) and Trichoptera (5), and site D - Ephemeroptera (2) and Trichoptera 

(7), but the total numbers of individuals was small. This was also the pattern with the 

dipterans Austrosimulium and Chironomus, and the coleopteran Elmidae. The few 

Plecopterans found were Stenoperla (1) and Zelandoperla (1) at site D and Austroperla 

(1) at site B, all in the late spring. The elevation of the site (165m a.s.l.) may have been 

one factor at site C for a reduced autumn distribution (Table 9). 

Table 9. Distribution of macro invertebrate taxa according to season and elevation. 

Site Elevation Number of taxa Number of taxa 
(m) a.s.I. Nov 2006. March 2007 

A 16 15 9 

B 19 15 12 

c 165 21 12 

D 154 16 18 

E 61 14 14 

EPT scores were lower in the autumn except at site B where an increase in the March 

EPT score was associated with an increase in Pycnocentria numbers (Table I 0). The 

total number of EPT taxa was small in both seasonal surveys (Figures 11 & 12). 

Ephemeropteran species, Coloburiscus and Zephlebia, were present in November but 

not in March, but Deleatidium was present in both surveys (Table l 0). The Trichopteran 

species were more evenly distributed with Olinga and Hydrobiosis occurring in both 

November and March and Aoteapsyche, Helicopsyche, Hydrobiosella and Pycnocentria 

present in the March samples. The presence of the Trichopteran, Psilochorema, and the 

crane fly , Eriopterini at site C, implies a degree of pollution tolerance by these taxa as 

they prefer clean water but were found in a ' moderately degraded ' habitat (Table 7) . 

The dispersal of the macroinvertebrates and the relative lack of Ephemeroptera and 

Plecoptera, suggests that the habitats were generally unfavourable for them. 
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The distribution of Diptera also changed with fewer Austrosimulium and Chironomus 

found in the March samples. Though there were noticeable increases in the numbers of 

Potamopyrgus at site C and Paracalliope at site A in March (figures 11 & 12), this was 

not a seasonal increase but associated within-stream conditions of pollution and excess 

macrophyte growth. 

Table 10. Metrics calculated for invertebrate communities collected at 
each site in November 2006 and March 2007. 

NOVEMBER 2006 A B c D E 

Number of taxa 15 15 21 16 14 

Number of individuals 172 117 791 548 372 

MCI 81.33 86.67 99.05 115 95.71 

QMCI 3.97 4 .11 1.37 6.46 7.21 

EPT 0.029 0.359 0.167 0.684 0.887 

Simpson' s Index 0.655 0.187 0.178 0.411 0.558 

MARCH 2007 A B c D E 

Number of taxa 9 12 12 18 14 

Number of individuals 542 572 639 1162 153 

MCI 88.91 115.9 102.98 112.98 108.57 

QMCI 4.765 5.183 4 .802 7.376 5.418 

EPT 0.011 0.648 0.172 0.459 0.529 

Simpson ' s Index 0.021 0.277 0.381 0.317 0.184 
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Figure 11. The spring (November 2006) distribution of top 10 macroinvertebrates, 
with dominance of Potamopyrgus at sites A and C, and of De/eatidium at 
sites D and E. 
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Figure 12. The late summer (March 2007) distribution of macroinvertebrates with 
dominance of Paracalliope at site A, Pycnocentria at site B, 
Potamopyrgus at site C, and Hydrobiosis at site D. 
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Simpson's diversity index 

Simpson's Diversity Index (1-D) calculation provided information on species 

diversity where the higher the value of the index, the greater the diversity (Figure 

13). The index represents the probability that two individuals randomly selected from 

a sample will belong to different species. The summary chart of the Whareroa sites 

(Table 11) indicated that the evenness (diversity) of the macroinvertebrates within 

the stream network was greater in the March than in the November. 

Table 11. Data for Simpson's Diversity Index (1-D). 

Sites 
November 1-D 
Al 0.345 

Bl 0.813 

Cl 0.822 

Dl 0.589 

El 0.422 

Average 0.598 
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Figure 13. Whareroa Stream network community evenness - Simpson 's Diversity 
Index (l-D) - indicating a shift with the seasons increased diversity 
upstream in autumn. (Al-El = November 2006; A2-E2 = March 2007) 
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Fish Index of Biologic Integrity (IBI) 

The Index of Biotic Integrity for Fish (Table 13) showed that site D had the most 

consistent distribution of fish , coinciding with the highest SEV and water quality 

(Tables 6 & 7). The other sites were all rated as 'poor - fair' , closely reflecting their 

other parameters including poor riparian integrity at sites A and C (Table 5) and nutrient 

excesses at site A (Table 6). Though Site E had excellent riparian cover and leaf litter, it 

had a poor resident population of galaxiids (Table 5), but inanga (G. macu!atus) were 

seen 25m downstream. Site D had a Fish IBI rating of 'very good ' for both seasons 

(Table 13). 

Shrimps (Paratya sp.) were not present at sites upstream of the Mackays Crossing 

culvert, but koura (Paranephrops) were found at site B (below Mackays Crossing) and 

sites C and D (above Mackays Crossing) (Table 12). 

Table 12. Seasonal distribution of fish and decapods at study sites . 
(Al - El = November 2006 ; A2 - E2 = March 2007) 

---------------------------Sites---------------------------
Species Common A A B B c c D D E E 

name l 2 l 2 l 2 I 2 l 2 
Ga!axias Inanga 20 4 12 6 
macu!atus 
Ga!axias Banded l I 7 2 l 1 
fasciatus kokopu 
Ga!axias Koaro 3 l 
brevipinnis 
Gobiomorphus Red fin l 10 8 4 3 12 14 12 
huttoni bully 
Anguilla Shortfin eel 5 3 
austra!is 
Anguilla Longfin eel 13 4 15 20 6 2 2 10 3 
dieffenbachii 
Anguilla spp Elvers 30 

Retropinna Common 1 1 
retropinna smelt 
Paranephrops Koura l 3 1 I 

Paratya sp Shrimps 10 
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Table 13. Index of fish IBI (after Joy, 2006). 
(Al-El samples January 2007; A2-E2 samples May 2007) 

Site IBI score 

Al 40 

A2 30 

Bl 36 

B2 26 

Cl 34 

C2 26 

Dl 48 

02 50 

El 34 

E2 34 

Rating scores determined using 6 metrics : 

20 - 29 = Poor 

30 - 39 = Fair 

40 - 45 = Good 

>45 = Very Good 

Ra tin~ 

Good 

Fair 

Fair 

Poor 

Fair 

Poor 

Very Good 

Very Good 

Fair 

Fair 

49 
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Figure 14. Longtin eels (Angui1/a diejfenbachia) at site A. 

Figure 15. Koura (Paranephrops) from site B 
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Figure 16. Koaro (Galaxias brevipinnis) from site D 

Figure 17. Red fin bully ( Gobiomorphus huttoni) from site B 
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Temperature variation 

The temperature loggers were retrieved from all the sites after 185 days (26/11107 -

31/05/07). Unfortunately, the logger at site C had leaked and there was no data for that 

site. This was an unexpected situation as it appeared to be intact on regular visual 

inspection. The data from the other four loggers showed high maximum temperatures at 

all sites suggesting that either periods of low flow may have occurred when they were 

not completely covered or the water in the upstream catchments was subject to high 

daily temperatures with the lack of riparian protection (Table 14). All the farm streams 

were shallow and heated quickly when exposed to solar radiation. 

Minimum temperatures were higher than expected at >9.82C. The lowest daily 

temperatures typically occurred at 500hrs each day and the highest between 0500-

l 700hrs (Figures 18 & 19). 

Table 14. Results of 185 days of temperature recordings at all sites 
(26/ 11 106 - 31105/07) . Site C logger did not record due to water leakage. 

Site Maximum T°C Minimum T°C Average T°C STD DEV Amplitude T°C 

A 25.56 10.6 15 .79 2.459 3.6 (14 . 15-038) 

B 23.24 9.82 15 .20 2.79 1 4.45 (10.73-0 .77) 

c 

D 26 .34 9.82 14.65 2.27 1 3. 18 ( 11.11-0.38) 

E 21 .33 9.82 14.56 2.164 2.50 (6.94-0.38) 
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Site A Temperatu res over 185 days 
[=--- Max temp {*C) 

J--- Min temp---1:S.L_ 

25 37 49 61 73 85 97 109 121 133 145 157 169 181 

Daily record ings 26/ 11/ 06 · 31/ 05/ 07 

Site B Max- Min temperatures over 185 days --- Max 

--- Min 

Figure 18. Maximum - Minimum Temperatures at sites A, B, D, and E. over 
185 days from 26/11/06 - 31 /05/07 . 
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Turbidity 

The water clarity as measured by the clarity tube showed only minor variations between 

sites and all were within the range of " slightly turbid" (Table 15). The apparent clarity 

of the water at Site C in spite of bank damage by cattle was associated with no fam1 

animal movement near the site on the week before testing. However, a population of 

recently dead, but intact, land slugs in the stream bore testimony to recent bank 

destruction. 

Table 15. Results of turbidity survey using a clarity tube . 

SITE Distance seen 

Site A 70cm 

Site B 75cm 

Site C 75cm 

Site D 80cm 

Site E 70cm 

Site D was the clearest stream, with little stock movement nearby, a rocky base, riffles 

and pools and gorse providing some riparian functions . 

Conductivity 

Measurements of conductivity taken at each study site showed increased conductivity as 

the network streams became larger and absorbed water from tributaries draining 

farmlands. Sites A and B measurements indicated slight to moderate enrichment of the 

water (Table 16). 
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Table 16. Results of conductivity and pH measurements: 

Site Conductivity PH 
(µS /cm) 

A 230 7.0 - 7.5 

B 210 7.5 

c 190 7.5 

D 190 7.5 

E 190 7.5 

pH 

The pH of the stream water was measured at each site and found to be neutral at all sites 

(pH = 7-7.5). The incremental change on the tape was 0.5 units and therefore relatively 

insensitive to small differences (Table 16). The readings were undertaken in the late 

mornings. The peat soils did not cause any acidity. 

Discussion 

Impacts on streams 

This study confirmed the hypothesis that the land use changes at Whareroa Farm and 

Queen Elizabeth Park over the last century have affected the ecological health of the 

network streams of the south branch of the Whareroa Stream. Previous studies have 

highlighted that the damage that is inflicted by land use change to agriculture (Harding 

& Winterbourn, 1995 ; Gessner & Chauvet, 2002); Thompson & Townsend, 2004; 

Macdonald, 2006), and in particular the loss of the riparian function in a catchment, is a 

direct cause of loss of ecological health, stream dysfunction and degradation of stream 

structure throughout an entire stream network. The south branch of the Whareroa 

Stream exhibited the results of such changes throughout its catchment. The challenges 

to be met in restoring its ecological integrity have been highlighted by the deficits 

identified in the SEY protocol. 
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Ecosystem Function 

The ARC Stream Ecological Valuation (SEY) assessment provided evidence of 

ecological degradation in all functions (Table 6). Individual ecological functions were 

widely varied across the sites when compared with the reference streams in the SEY 

protocol. Site A had an loss in ecological value of 56%, while sites B and C showed 

losses of 44% and sites D and E of 32%. The reasons behind the poor ecological 

functions over the stream network were defined by the 16 variables in the four 

ecological functional categories of the SEY and illustrated by multivatriate analysis 

(NMDS ordination scaling). Of particular note were the poor results across all sites in 

organic matter input, in-stream particle retention, flood-plain particle retention, fish 

spawning and aquatic fauna habitats, fish and invertebrate fauna assemblages and 

riparian vegetation. 

The severity of the changes to the lower reaches of the stream network was seen in all 

the ecological functions. Site A showed the poorest results in all functions (Table 5). 

Hydraulic function assessment showed a reduction in both the natural flow regime and 

the connectivity with the floodplain . Channelisation and modification of the streambed, 

compaction of the land following drainage of the peat land, increased nutrient from farm 

run-off, and reduced connectivity with groundwater, were the main factors affecting the 

reach. The impact of these changes on the migration of taxa did not appear to be any 

greater than at other sites , reinforcing its role as a transit site to upstream spawning 

areas and not a primary habitat. 

SEV analysis 

Although most ecological functions in the upper reaches were within the acceptable 

ranges established by the SEY prorocol , there was a marked loss of hydraulic function 

at site C where slumping of the land and cattle-induced damage to the stream banks 

demonstrated the effects of past and present cattle farming . The destruction of banks on 

floodplains will increase sediment in streams and prevent galaxiid spawning. There was 

no evidence of galaxiids at site C but redfin bullies (Gobiomorphus huttoni), elvers 

(Anguilla spp) and koura (Paranephrops) were found. 

The SEY protocol scored sites D and E with higher ecological values than all other sites 

and this was illustrated by ordination (Figure 9) . The high biogeochemical function 
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score (shading, organic matter input, wood debris and particle retention) for site E on 

the Ramaroa Stream (a tributary of the Whareroa Stream) was associated with a riparian 

zone of >20m on both banks. Site D had a high right bank and tall gorse on the left bank 

providing some shade. The very low OMI scores at sites A, C, and D were indications 

of the lack of a leaf resource at those sites, and at site B was a reflection that the leaf fall 

was not entering the stream as the deciduous trees were too distant from the water edge. 

The Joss of the riparian zone at most sites was a consequence of the pastoral farming 

practices where a lack of appreciation of the importance of these zones had led to the 

degradation of the stream banks, loss of sediment into the stream and loss of vegetation 

that would have provided protection to the banks and cover for the water. The lack of 

leaf or wood for those streams and modifications of the streambeds prevented any leaf 

retention. These functions are basic to primary production in a stream, and thence to the 

assemblages of macro-invertebrates and fish. Lack of wood also affects secondary 

production with the Joss of suitable habitats for galaxiid and bully spawning. 

Eikaas et al (2005) reported on the relationship between position and proportion of 

forest in catchments and the presence of diadromous fish . They concluded that where 

forest was present at the lower reaches, the populations of koaro were greatest, but if it 

was mainly in the upper catchment only, then there was little effect on the presence of 

fish. 

The lack of koaro in the forested section of the Whareroa Stream at site E was likely to 

have been associated with the limited forested area (< lOOm length) providing 

insufficient cooling of stream water (Table 14), inadequate lighting through the canopy 

and limited wood input to the stream. Though site A was unshaded, the excess in-stream 

vegetation and depth of water were helpful in assisting with water temperature control 

there. The best habitat for fish was at site D where banded kokopu, koaro, longfin eels 

and redfin bullies were all present. The site had pools, riffles, small runs, undercuts and 

some shade from the high banks and tall gorse ensuring some stream protection. NIWA 

(2006) identified the ideal habitat for banded kokopu as a small, low gradient, first 

order, perennial stream with forest cover. The only site with most of these credentials 

was site E but only one small, banded kokopu was found. Its upstream components of 
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open spaces and no headwater bush are likely to have had an effect on the fi sh 

distribution. 

Structural components 

Many studies have related the presence or absence of New Zealand diadromous fi sh to 

altitude and distance-from-the-sea, but other habitat functions such as stream order (first 

or second order), gradient ( low, medium or high), flow (pere1mial or ephemera l) and 

forest cover, may be as or more important in determi ning their presence (McDowall, 

1998; NIWA, 2006; Joy & Death, 2004). Elevation was a significant factor in the 

presence or absence of taxa only at site D (Figure 9). There was a small increase in 

tota l macroinvertebrate taxa numbers in November at site C, the highest site, but not of 

fi sh. 

Increased summer water temperatures, increased algal levels and possibly increased 

nutrient levels in the stream from cattle at site D, were associated with the presence of 

the Tri chopteran, Helicop:-,yche, during March, 2007. Algae are a major food source for 

Helicopsyche (Hard ing & Wi nterboum, 1995). Studies in South Island pastoral streams 

have found that other Trichopterans a lso use algae as an important food source, 

including Olinga .feredayi, Pycnocentria spp. and Aoteapsyche spp., all of which were 

fo und at the study sites. Elmidae were fo und at site D in March 2007, and are known to 

prefer wam1 temperatures up to 24°C (Quinn et al, 1994). 

However, compromised stream hea lth was evident m March 2007 with 

macroinvertebrate communities showing increased numbers of pollution-insensitive 

invertebrates including Paraca/liope, Tanypodiae and Isopodae at site A where there 

was farm stream run-off (Figure I 0) and Hydrophilidae at site C w hich was frequented 

by cattle. The mollusc, Potamopyrgus sp., increased across all sites w ith the increased 

growth of macrophytes .. 

Deleatidium was the dominant species in all the farm streams throughout the survey, a 

feature also found countrywide in pasture streams and braided rivers (Death, 1996). Of 

the 10 most abundant taxa over the stream network seasonally, 6 taxa occurred in both 

spring and autumn but with different community composition (Figures 11 & 12). This 

was in keeping with the findings of Fowler & Death (2000) who found in their studies 
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of rivers of the Hawkes Bay that while the taxa were the same, the composition of the 

macroinvertebrate communities varied with the season. The influence of low flows and 

increased water temperatures over the summer months may have been relevant in the 

Whareroa tributaries. 

Indices 

The baseline biotic indices for stream health included the relative abundance and /or 

dominance of taxa, EPT pollution sensitivity and Simpson's macro-invertebrate species 

evenness (richness) . They showed a stream network with mild to moderate degradation 

in water quality. The MCI and QMCI at site D were better and more consistent over 

time than other sites (Table 7). The indices for sites A and C were of concern with 

moderate to severe degradation/pollution occurring. This finding was in line with the 

SEY of these sites. 

The Fish IBI reflected the MCI and QMCI, with a 'very good ' result at site D which had 

clean water, riffles, pools, short runs, and undercut banks, but only ' fair ' to 'poor' results 

for other sites (Table 13). These results were consistent over both seasons. Seasonal 

samples were taken to gauge what effects seasonal changes in macroinvertebrate 

assemblages had on fish communities. However, the seasonal geographic distribution of 

the fish was largely unchanged (Table 12) but the numbers of inanga at site B had declined 

in May, as had the numbers of longfin eels at sites C, D and E. The number of redfin 

bullies had increased at sites C, D and E in May. 

The upstream penetration of diadromous fish was evaluated in Taranaki by Joy et al. 

(2000) . They found that inanga and smelt had limited upstream penetration. This was 

reflected in this study, where inanga were seen 6km inland and up to 60-70m above sea 

level near site E, and smelt only at site B that was 3km inland and l 9m above sea level. 

The gradient of the streams above Mackays Crossing may have been too great for smelt 

penetration. As with the Taranaki findings , the presence of longfin eels and elvers at all 

study sites is a reflection of their ability to tolerate some pollution and to populate 

streams at moderate altitude (site C l 65m) and considerable distances from the sea (site 

D >6.2km). 
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New Zealand fish are largely diadromous moving within stream networks a well as 

between the sea and freshwater. As the area sampled was limited in size, there were 

only small numbers of fish collected, apart from longfin eels, and thus any indication of 

seasonal effects on the diadromous fish populations was uncertain. Longfin eels were 

the most prevalent at lower altitudes ( <61 m) and redfin bully at the highest altitude 

(> 165m). Concern that the culvert at Mackays Crossing was a barrier to migration was 

not borne out. However, the cattle contamination of site C may have been significant in 

galaxiid habitat selection for that stream. The influence that a recent rough earth dam 

fashioned at the lower end of site D may have had on the transit of migratory fish during 

the summer was unclear from the second sample figures. 

The measurements of water turbidity, conductivity and pH reflected the biotic indices 

with respect to stream health with poorest results at the lowest reaches . The best results 

were at site D, where, though riparian vegetation was sparse above and below the reach, 

the gorse at the study site had effective filtering activity . Water temperatures were 

warmer, both day and night, over the last 3 months of recording (March-May, 2007) 

than historically found in NIWA data. The lack of shading for all the catchments and 

lower flows during the late summer period ensured increased macrophyte growth and an 

upsurge of molluscs and crustacea (amphipods) in the upper reaches. 

Functional components 

The reduction in stream primary production through lack of leaf litter at most sites may 

have compromised the habitat for macroinvertebrates and fish throughout the network. 

This was quantified in the SEY functions of habitat provision and biodiversity that 

scored poorly at all sites. There was inadequate riparian wood debris at all sites for 

bullies and galaxiid spawning and inadequate leaf litter at most sites for aquatic 

invertebrate activity. The composition of leaf litter is a major factor m any 

macroinvertebrate assemblage. Collector-browsers, such as Olinga f ereday i, favour 

rapidly decomposing leaves, eg. mahoe (M ramiflorus) , while leaves with 'toughness ' 

are processed by microbial activity (Quinn et al. , 2000). 

Gessner and Chauvet (2002) showed that in pastoral streams the rates of organic matter 

decomposition were increased. The effect of a reduction in the primary production of 

oxygen on the composition of the macroinvertebrates assemblage is to favour less 
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sensitive taxa such as molluscs and oligochaetes. The collapse and decomposition of 

macrophytes and algae at site A in the late summer was associated with a marked 

reduction in macroinvertebrate taxa from 15 to 9 and loss of the EPT and dipteran 

components of the assemblage (Table I 0). 

Summary 

In summary, the Whareroa Stream's ecological valuation results confirmed the 

degradation of the stream network associated with over a century of agricultural land

use. No site studied had a mean SEY score greater than 70% and site A showed a loss of 

ecological value of 46%. The water quality was poor to moderate as judged by the 

MCI and QMCI values. Turbidity was slightly raised at the lower reaches and 

macrophyte growth was excessive there also. The total numbers of taxa were small and 

the EPT diversity generally poor. The Fish IBI indicated that only site D had an 

adequate habitat for galaxiids and bullies . The riparian zones had little or no vegetation 

apart from grasses except at site E. 

However, the variety of fi sh fauna found at site D giving a 'very good ' IBI , suggests 

that successful spawning could occur with increased stream protection and appropriate 

in-stream nutrients. The restoration of the stream habitat for an increase in numbers and 

diversity of fauna will depend on decisions around the riparian potential in the presence 

of on-going farming . The stream banks are damaged in many places particularly near 

site C (Figure 27) . 

The concern regarding a barrier to fish passage through the Mackays Crossing culvert 

was not dispelled though inanga and other galaxiids were found in streams above the 

culvert. These may have been part of a pre-culvert population. Further studies will be 

required to clarify this issue. The challenges for the upper catchment will be a 

compromise between the various claims to its use ie . multi-disciplinary approach to 

farming, recreation and stream modifications (Palmer et al. , 2003). 
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Chapter 3 

Whareroa Streams - a riparian evaluation 

Riparian zones are three-dimensional zones of vegetation that provide for the ecological 

health of streams. They have a critical interface between land and water ensuring that 

any untoward effects from land use or abuse are mitigated before aquatic ecosystems 

are affected. Changes in land use from forestry to pasture or urban development with 

consequent loss of riparian zones, are an increasing issue in many parts of the country 

(Quinn, 2003). 

Many New Zealand streams have particular characteristics associated with the young 

tectonically active geology of the country. They arise in steep, often deforested, hill 

country, are usually rain fed , and drop rapidly in height to the lowlands where there are 

extensive un-shaded lengths in the lower reaches (Thompson & Townsend, 2000). 

The implications for stream function and structure of the loss of riparian vegetation 

becomes clear when assessment of the ecological integrity of the streams and rivers is 

undertaken (Quinn et al., 1997). 

Riparian zones function in varymg ways spatially along the length of a waterway 

(Quinn, 2003). Their natural role is to enhance stream habitat and water quality by 

shading, filtering nutrient loads from the surrounding land, and providing habitats for 

macro-invertebrates and fish. Loss of these functions may lead to both the loss of fauna , 

and changes to the composition of the aquatic communities (Quinn et al. , 2000; 

Townsend et al. , 2003 ; Allan, 2004). 

The composition of the riparian protection, whether native, exotic or a mix, appears to 

be less important than the presence of protection (Quinn & Scarsbrook, 2001). A 55% 

reduction in annual water yields to water channels in some New Zealand streams has 

been found to have occurred when there are forested buffer zones of >25m (Smith, 

1992; Broadmeadow & Nisbet, 2004) and a reduction in nutrient loads has been found 

when there is riparian protection of headwaters (Parkyn et al., 2001). ln a review of 

Otago streams, Townsend et al (2003) found that the proximity of riparian protection to 

riffles was a significant factor in determining the composition of aquatic invertebrate 
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communities. Increased wood recruitment occurs from trees 20-30m high, overhanging 

trees, grasses and shrubs, providing terrestrial insect food for fish in small streams. 

Collier and Smith (J 998) found that the main activity for trichopteran 

macroinvertebrates in forested riparian zones was within 30m of the stream edge. 

Connectivity 

Longi tudinal, lateral and verti cal connectivity of stream environments are now being 

recognised as major components in stream assessment and therefore rehabili tati on 

(Boulton, 2007; Lake et al, 2007; Jansson et al, 2007; Hughes , 2007). Longitudinal 

connectivity of streams and their surrounds commences in the catchment and fo llows 

through the valley segment to the lower reaches. Natural or artificial barriers, or any 

di sconnections in the functional ecosystems of the streams may compromise it. The 

ability of an ecosystem to overcome any barriers has provided a huge problem for 

rehabilitation as the simple methods of removing them may in tum destroy ecosystems 

at a lower reach with sediment and debris escape (Jansson et al, 2007). 

Some of the functional consequences of interference with longitud inal connectivity 

include increased turbidity, acidity and nutrient levels in a stream (Rutherfurd et al, 

2001 ). The reduction of light in turb id water will reduce the rate of photosynthesis and 

hence the growth of benthic algae (Davies-Colley & Quinn, 1998). The direct effect on 

macroinvertebrates is small unless their food source is affected but fi sh can become 

stressed developing reduced feeding efficiency and lowered growth rates. 

The acidification of streams may occur naturally where they pass through acidic rock or 

soils, but where it is the result of pollution (natural volcanic or anthropogenic) aquatic 

fauna will be markedly reduced. Alkalinisation of streams may occur as a result of 

exuberant macrophyte and periphyton growth from nutrient input, and resul t in a 

reduction of aquatic fauna. 

Lateral connectivity between the stream and its banks and vegetation ensures stream 

bank stability in all but extreme conditions of flow . Banks are strengthened by root 

networks. Groundcover up to l .Om high has been shown to be very effective in 

providing protection against soil erosion by bank reinforcement to 0.3m depth 

(Rutherfurd et al, 1999; Phillips & Marden, 2003). Roots also buttress the toe of a bank 
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and reduce slumping. The depth of the roots relative to the height of the stream banks, 

bank angles, the effect of the sinuosity of the stream in reducing flow rates, erosion 

occurring during high flows, and the presence of debris and boulders have been found to 

be k ey factors in bank stabilisation (Quinn, 2003). 

The most effective stabili sation occurs where the depth of root penetration is greater 

than bank height. Understorey trees up 5m usually have roots to Im deep and laterally 

to the drip line. Taller trees typica lly have root networks to the drip line laterally and not 

more than 2m deep. Watson et al. (l 999) found that mature kanuka ( Kunzea ericoides) 

of 6-32 years old had maximum root depths of 1.3 - l .6m whereas Pi nus radiata 

8 - 25 years old had maximum root depths of 3m. Where bank height alters and/or there 

are gaps in the riparian cover, the bank is vulnerable to erosion. 

Marden et al. (2005), studying the effectiveness of 12 indigenous woody species 

growing on unstable hill slopes and stream banks in New Zealand , noted that the ability 

of the species studied to stabilise ground and stream banks was limited by shallow 

rooting systems (- 3 1 cm). A lthough the root biomass increased 23% over 5 years, thi s 

was an effective method of bank stabili sation only where plant succession was in 

conjunction with removal of animal grazing and on l 0 and 2° streams. It was not 

effective for large waterways. 

La teral connectivity between stream and bank is important for the enti re length of the 

stream from the catchment. Connectivity into the floodplain is required for aquatic 

inve1tebrate reproduction eg. amphibite stoneflies (Stanford et al, 1994), and for fish 

spawnmg eg. koaro (Galaxias brevipinnis) and inanga (G. maculatus) (McDowall , 

1990). 

Vertical connectivity 1s the linkage between the surface and groundwater in the 

hyporhoeic zone . It is a critical zone that impacts on ecological processes particularly 

associated with secondary production where active microbial biofilms and invertebrates 

that graze on biofilms are found. Hyporhoeic activity may extend well into the riparian 

zone especially in areas prone to flooding (Boulton , 2007). Riparian zones impact on 

hyporhoeic activity by moderating sediment input and providing leaf litter and woody 

debris to the stream. Such debris can alter flow at its site altering the vertical 
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hydrological exchange of nutrients and chemicals. The further development of riffl es 

around logs can provide future habitat for invertebrates and fish. 

Structure and function 

There is considerable debate as to the optimal size and position of a riparian zone with 

regard to both its length and width . Riparian zones are effective fi lterers of 

contaminants from surface run-off if they are wide enough to slow the fl ow of surface 

run-off and are able to increase the soil filtration of particulate matter. Such functions 

are assisted by dense ground cover and litter under trees that ensure the so il has low 

compaction (Quinn, 2003). Surface run-off increases with increased valley-side slope 

angles, increased rainfall or animal compaction of the soil. 

The concept that the whole catchment of a stream is responsible for stream ecological 

integrity has led to doubts about the appropriateness of riparian plantings in small 

sections along a reach. A review of habitat quality and ecological functioning associated 

with non-catchment riparian buffer zones by Parkyn et al (2003), showed that visual 

water clarity and bank stability had improved but macroinvertebrate assemblages were 

unchanged. Death & Collier (2007) fo und that streams emanating from catchments in 

the Waikato region with 40-60% upstream native vegetation cover, as compared to 

deforested streams, retained 80% of the mean biodiversi ty found in pristine forest 

streams. Their conclusion was that riparian restoration schemes should focus on 

headwater catchments rather than short segments. 

There is also debate as to the optimal composition of the riparian vegetation at any 

elevation or channel width. Quinn & Scarsbrook (200 I) have suggested that a mix of 

native and exotic trees would provide summer native leaf fall and autumn exotic leaf 

fall for the macroinvertebrates. The result would be that trees with fast-decaying leaves 

were planted along streams that flood and a mix of trees with fast and slow-decaying 

leaves planted in headwater streams. 

However, the widespread use of exotic trees, including pine trees, is contentious. The 

potential for the harvesting of plantation forests to irreparably affect stream ecology was 

investigated by Collier et al. (2004). They compared the colonisation of pinewood and 4 

native woods as habitats for epixyli c biofi lms and aquatic invertebrates, and found that 
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the wood type was not significant in maintaining community compositions but noted 

that as wood provided essential ecosystem functions in a stream, the rate of decay might 

in future determine community composition. As pine logs decay more rapidly than 

native logs, the case for a riparian buffer zone of native trees in a pine plantation may be 

appropriate. 

The ability of riparian vegetation to shade a stream channel decreases with stream width 

and the height of vegetation (Davies-Colley & Quinn, 1998). Tussock grasses and 

flaxes only provide shade over channels <2m wide. Mature trees provide a more 

complete canopy for channels <6m wide but the reduction in lighting from riparian 

vegetation reduces in-stream primary production and nutrient uptake. Shading of 60-

80% of the waterway controls in-stream growth of filamentous green algae and >90% 

prevents macrophyte growth. 

The re-establishment of riparian buffer zones has been widely promoted as a measure to 

redress the obvious and severe consequences of their loss, including flooding, sediment 

loading and loss of habitat for flora and fauna due to pollutants. Drewry et al (2006) 

have drawn attention to the importance of allowing natural recovery of soil conditions 

by exclusion of animals in the riparian zones with the consequent reduction of sediment 

load. In New Zealand, a "Clean Streams ACCORD" between Fonterra Dairy 

Cooperative, Local Government NZ, the Ministry for the Environment and the Ministry 

of Agriculture and Forestry, has successfully provided a framework for encouraging the 

care of waterways. Regional Councils also have responsibilities and requirements to 

manage stream habitats under the Resource Management Act (RMA, 1999). 

The investigation of two catchments in the South Island where forest fragments were 

embedded in agricultural landscape confirmed that the effects of agricultural land on 

stream functioning and macroinvertebrate assemblages were not mitigated even where 

the forest fragments were 5-7ha (Harding et al., 2006). They further showed that 

continuous forest supported greater taxonomic richness and concluded that the length of 

riparian forest was critical to any mitigation of the negative impacts of agriculture. 
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River Environment Classification (REC) and 
Riparian Management Classification (RMC) 
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Attempts to rationalise riparian management and restoration led to the development of 

the RMC (Quinn, 1999) which was loosely based on the REC (Sneider et al, 1999) 

using its classes within the template. The REC is a spatial framework that was 

developed in 1997 to facilitate the grouping of river and stream networks that had 

similar ecological characteristics though geographically separated, thus enabling similar 

environmental management (Sneider et al, 1999). A hierarchy of six controlling factors 

- climate, topography, geology, land-cover, network-position and valley-landform - was 

subdivided into categories that then give a detailed description of the river or stream 

based on its physical and biological characteristics. These characteristics are widely 

used for the management of hydrology, water quality and biologic communities across 

different rivers that have the same profiles (Sneider et al, 2004) (Appendix 6). 

The RMC was first used as a framework for the Waikato region 's riparian zone 

management of the Piako and Waihou River catchments (Quinn, 1999). It was further 

developed in 2000 for Canterbury catchments (Quinn , 2003) and refined in 2003 for use 

in Motueka (Phillips & Marden, 2003). The RMC protocol is based around the current 

RMC (RMC-C) and potential RMC (RMC-P) of 12 riparian functions seen as essential 

to improving stream habitat, controlling contaminant input and enhancing biodiversity, 

aesthetics and recreation. The key factors influencing potential riparian functions 

identified in Canterbury were stream width, adjacent land slope and whether the stream 

was ephemeral or perennial. A geomorphic RMC (RMC-G) has been derived for 

assessment of riparian functions , giving further detailed classification for future 

management, including valley-form and vegetation types appropriate to stream width. 

Whareroa Stream 

The Whareroa Stream tributaries arise from an escarpment 272m above sea level and 

flowed west to the sea through the Whareroa Farm and Queen Elizabeth Park. Whareroa 

Farm had until recently been used for the fattening of young Angus cattle and sheep. It 

also has a significant feral population of goats, rabbits, hares, and large numbers of 

possums. There was collapse of stream banks at hilly sites where cattle had crossed and 

slipping on the hillsides. Many fences on it were intact but most fencing bore no 
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relationship to the streams or bush remnants and animals crossed the streams and 

accessed the bush remnants freely. 

Weeds were extensive with large areas of gorse and variegated thistle. Some of the 

higher land had scrub and regenerating native bush, and the moderate hill country had 

bog and swamp areas scattered throughout it. Remnant stands of bush included 

kahikatea (Dacrycarpus dacrydioides), nikau (Rhopalostylis sapida), mahoe (Melicytus 

ramiflorus), kohekohe (Dysoxylum spectabile), matai (Prumnopitys taxifolia) , titoki 

(Alectryon excelsus) , kawakawa (Macropiper excelsum), karaka (Corynocarpus 

laevigatus) and a few tree fems. A stand of gum trees was present on the northern side 

of the farm. 

This baseline study assesses the current and potential riparian situation on Whareroa 

Farm using the REC, RMC-C and RMC-P. Together with the SEY assessment (Chapter 

2), it will inform a wider recommended ecological management plan for the farm. The 

study did not undertake any assessment of the type of vegetation that might be 

appropriate to refurbish the riparian zones. The Department of Conservation (DOC) is 

proposing to retire 75% of the catchment, though there is opposition from the 

'Guardians of Whareroa' who wish to run an operational farm (Map 3). 
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Map 3. Proposed area of Whareroa Farm to be re.tired shown in pink (DOC, 2007) . 
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Research Methodology 

Site Characteristics 

The Whareroa Stream catchment of 15 .6lkm2 has a base of greywacke bedrock, deeply 

incised by its streams. The steep valley sides in all areas are eroded by animal tracks 

and have superficial slipping. Apart from areas near the woolshed and the shepherd 's 

cottage at a lower elevation, where the riparian strip was fenced , fencing was 

unsympathetic to restoration of the landscape to bush with streams being very 

accessible to animals. As a consequence, stream banks were broken and the streams 

carried increased sediment. Riparian growth other than grass was sparse for most of the 

area, some reeds and arum lilies occurring. A small wetland swamp area was present 

near the entrance to the farm with reeds , grasses and gorse. Cattle had free access to 

remnant bush, bog and swamp areas found on the va lley sides. 

Three sites on Whareroa Farm and two sites in Queen Elizabeth Park were assessed. 

They were selected as representative of the general variations in geomorphology of the 

Whareroa Stream catchment. The sites were described in Chapter 2. Their riparian 

features are noted below. 
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Site A: The stream banks were 1.5 metre high and the riparian zone was on peat over 

sand. The banks were mainly grass covered with recent riparian planting of flax 

(Phormium tenax), toetoe (Cortaderia toetoe), ngaio (Myoporum laetum), taupata 

(Coprosma repens) and karamu (C. robusta). The nutrient level of the water was high 

arising from farm run-off and streams arising in nearby pastures. The peat soils caused 

water discolouration. The macrophytes, water celery (Apium nodiflorum) and watercress 

(Rorippa nasturtium-aquaticum) were excessive (>50%) and in-stream filamentous 

algae extensive. 

Figure 20. Site A at the lower reaches of the Whareroa Stream. 
New riparian plantings of grasses on both banks. 
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Site B: The riparian zone was on banks 1.5m high on compacted gravels over peat. A 

seldom used, gravel car track bisected the site. Exotic trees including willow (Salix 

babylonica) and sycamore (Acer pseudoplanata) , native trees including kawakawa 

(Macropiper excelsum) and mahoe (Melicytus ramiflorus) and weedy scrub vegetation 

including blackberry (Rubus fruticosus), convolvulus (Calystegia silvatica) and gorse 

(Ulex europaeus) were on the banks. At the upper end of the reach fems covered the 

banks . Moderate amounts of water celery and watercress occupied about 40% of the 

stream bed. 

Figure 21. Site B, showing mixed exotic and native trees, and watercress 
invasion of the stream. 
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Site C: This site was on a meandering stream with a cobble base in an area that was 

steep to very steep hill country with moderate rainfall. The valley slope was 26-35°. 

Watercress occupied 70% of the streambed. The steep valley sides had slumping and 

cattle damage affecting >90% of the banks (Appendix 8). Grasses, gorse, variegated 

thistle and weeds occupied the steep banks, with a small number of mahoe, ngaio and 

dead tree fems . 

Figure 22. Site C, Whareroa Farm, on a stream that flows from the 
Maungakotukutuku Hills 
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Site D: This was on a meandering stream with a cobble base in a steep valley. The only 

riparian vegetation, apart from grass and weeds, was gorse up to 15m high on left bank. 

The right bank rose up to 15m high at upper end of reach. There were riffles and pools 

but minimal wood debris. Watercress occupied 5% of the streambed. The closest fence 

was 30m from the right bank and cattle had free access. Remnant bush that included 

kahikatea and nikau palm was on the hillside within 1 OOm. 

Figure 23. Site D, showing high gorse and steep hillside low banks native trees, 
and watercress invasion. 
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Site E: This was on the meandering Ramaroa Stream traversing farmland in a steep 

valley before entering native bush. The land was undulating high terraces and fans with 

a mantle of loess over consolidated gravels. The stream had a cobble base and flowed 

beneath a 90% canopy of kohekohe, matai and titoki. There was wood debris and leaf 

litter in the stream and on the banks. Weeds were slowly invading the edges of bush, 

especially Tradescantiajluminensis. The left bank was lm high and topped with mature 

trees and lianas, while the right bank was l 5m high topped with mature trees. 

Figure 24. Site E (Ramaroa Stream) within native bush on Whareroa Farm. 
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Fieldwork for the study was undertaken on-site in each valley and reach. A worksheet 

designed to cover the current and potential riparian management was completed 

(Appendix 7). One visit to Sites C and D with the Biodiversity Manager of Greater 

Wellington Regional Council ensured consistency of observation with that used in other 

areas of the Region. Other information necessary for complete riparian assessment was 

derived from the REC database. 

River Environment Classification (REC) 

The REC uses 6 hierarchical classes defined by one of six factors to describe the 

characteristics of a stream or river. The factors are Climate, Source-of-flow, Geology, 

Land-Cover, Network-Position and Valley-Landform. The streams involved in this 

study were small and of a defined source and therefore only the first spatial level of the 

classification was used for information in association with the RMC. The data was 

available from the REC database (Table 17). 

Table 17. River Environment Classification database definitions 
(after Sneider et al. , 2004) 

Climate: Wam1 (W) =mean annual temperature > l 2°C 

Cool (C) = mean annual temperature < l 2°C 

Wet (W) = mean annual effective precipitation 
500- 1500mm 

Source-of Flow: Low (L) =elevation <400m 

Geology: Hard sedimentary (HS) 

Land-Cover: Pastoral (P) (derived from LE Z classifications) 

etwork-Position: Low Order (LO) = stream order 1 or 2 

Middle Order (MO) = stream order 3 or 4 

Valley-Landform: High Gradient (HG) = land slope >0,04° 

Low gradient (LG) = land slope <0.02° 

Riparian Management Classification (RMC) 

Data was collected for three spatial scales, namely catchment, valley and reach. Some 

basic data was available from the REC but on-site field assessment was essential. 

Characteristics evaluated included wood and leaf litter input, enhancement of fish 

spawning and general fish habitat, stream bank stability, denitrification of groundwater 
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inflows, overland flow filtering of contaminants, shading of channels for temperature 

and in-stream plant control, downstream flood control, recreational use and aesthetics 

(Quinn, 2003). The riparian zone in this study was defined as a strip lOm wide each side 

of the stream channel. 

Assessment and scoring was undertaken according to the protocol in Appendix 9. 

• Site elevation and distance from the sea were obtained from NZMS topographic 

map 260-R26: 1 :50,000 (NZSLI 2006). 

• Catchment, valley segment, and reach variables and basic data about each 

stream and reach were obtained from the REC database. 

• Classifications of the streams were derived from the REC database using the 6 

variables identified as controlling factors (Sneider et al. , 2004). 

• On-site data for current riparian assessment (RMC-C) was recorded on the field 

worksheets and included assessment of the valley form, land slope class and 

drainage, average bank heights, percentages of run/ riffle/ pool , stream bank 

stability, percentage of undercutting and slumping, presence of riparian wetlands 

on terraces above channel , dominant riparian species and identification of 

macrophyte cover. Other relevant information was available from the field 

worksheets of the SEY assessment. The current situation was rated on a scale of 

0 (absent) - 5 (very highly active) . 

• On-site npanan potential function assessment (RMC-P) was an informed 

indicative process of judging how the best practicable riparian management (ie. 

fencing out stock and managing the area with planting of grasses, shrubs and 

trees within the protected area) might markedly improve the riparian functions. 

It covered twelve riparian functions - bank stabilization, overland filter flow, 

plant nutrient uptake, denitrification, shade for in-stream temperature control, 

shade for in-stream plant control, wood input, leaf litter input, fish habitat, 

downstream flood control, recreation and aesthetics. The definitions of these 

functions followed the recommendations of Quinn ( 1999). They were scored 
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according to a rating scale where their potential was rated as 0 (absent) - 5 (very 

highly active). 

• A sketch of the stream cross sections, documentation of any unique features, and 

comments relating to current or future management of the riparian zone were 

recorded at each site (Appendix 10). 

• Assessment of effective shading for stream width (Table 18). 

Table 18. Effective shade for various channel widths (after Quinn, 2003). 

Stream size Effective shade 
Channel width 

<2m tiny 'T ' Tussock, tall grasses 
2- <6m small 'S' High shrubs 
6m - < 12m medium 'M ' Trees 
> 12m large ' L ' None 

In addition to the parameters required for the RMC-C and RMC-P, other measures of 

stream health relating to riparian management were measured. 

Temperature variation 

Onset Hobo H8 temperature loggers placed at each reach in a deep site measured 

variabi li ty in daily water temperatures. They were removed after 6 months and the 

information decoded to show dai ly max imum and minimum temperatures. Temperature 

variability is greatest with lack of riparian cover to a stream or may be seen where there 

is a dense canopy under which a stream flows. Where vari ability is great, the 

assemblages of fauna can be markedly reduced or absent. 

Turbidity 

Turbidi ty results from the effect of suspended sediment on light passing through water. 

lt was measured using a 1 m long, 50mm diameter, clear acryl ic clarity tube, graduated 

along its length in centimetres, and w ith a black magnetic disc in the tube. A direct 

reading on the tube indicated the degree of turbidity. 
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Conductivity 

The conductivity of the stream water was measured usmg a EUTECH Cybernetics 

TDScan 3, 0 1990 µS, automatically adjusted to 25°C. The result is a measure of the 

ability of water to conduct an electrical current and is affected by the presence of 

inorganic dissolved solids such as chloride, nitrate, phosphate, sodium, calcium and 

iron. It may also be affected by water temperature, increasing w ith warmth, and will 

reflect ions gleaned from the bedrock through w hich it flows, with clay soils giving high 

conductivity. Changes in conductivity can indicate pollution pa1ticularly with nitrate or 

phosphate 

pH 

pH was assessed using Merck Neutralit strips (pH 5- 10). These strips measure in 0.5 

units, and after immersion for I 0 minutes the colour is compared with the reference 

co lours on the packet to give a reading. The pH is a measure of the acidity of the water 

providing information about litter decomposition, or soils (peat) causing acidification, 

and thus unable to sustain some assemblages of fi sh and/or aquatic invertebrates. lt can 

also indicate the presence of pollutants, acid or alkaline, that may have entered the 

water either from animals or anthropogenically. 

Weed species 

An inventory of weed species within the riparian zones was assembled for each site 

using dedicated reference books (Bishop & Bishop, 1994). A history of a more than a 

century of topdressing, and cattle and sheep farm ing meant that there were likely to be 

widespread weeds, many of little concern but some were noxious, such as hemlock and 

ragwort, or requiring extinction, such as the variegated thistl e (Sybilium marianum) 

(Figure 29). A biodiversity survey of the farm in April 2007, by the Greater Wellington 

Biodiversity Uni t and DOC, provided some further details of vegetation on the fatm 

(Appendix 9). 
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Results 

River Environment C lassification (REC) 

The REC database classifications of the streams were as shown in Table 17: 

• there were three low order (LO) streams (C, D, and E) and two middle order 

(MO) stream (A and B). 

• the valley landforms were high gradient (HG) for the Whareroa Farm streams 

(C, D & E) i.e. a slope of >0.04 but low gradient (LG) for the stream sites A and 

B on Queen Elizabeth Park (QEP) i.e. gradient of <0.02. 

• the NIWA classification of mean annual temperatures and annual effective 

precipitation indicated that the Whareroa Farm sites A, B and C and site B in 

Queen Elizabeth Park, were defined as cool-wet (CW) i.e. mean annual 

temperature < 12°C and rainfall 500-1500mm, while site A was warm wet (WW) 

i.e. a mean annual temperature > 12°C. Evaluation of the recorded average 

temperatures, however, suggested that this was not the situation for the 6 months 

November 2006 - May 2007, as discussed later. 

• the source-of-flow was low elevation (L) as it was less than 400m above sea 

level. 

• the land cover class was pastoral (P) 

• the geology was hard sedimentary (HS). 

Table 19. River Environment Classification (REC) of the Whareroa Streams in order 
of impact on environment. (Sneider et al, 2004) 

Factor \Site A B c D E 

Climate WW cw cw cw CW 

Source-of-flow L L L L L 

Geology HS HS HS HS HS 

Land-Cover p p p p p 

Network-Position MO MO LO LO LO 

Valley-Landform LG LG HG HG HG 
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The full REC classification was therefore: 

Climate/Source-of-Flow/Geology/Land-cover/Network-Position/ Valley-Landform. 

Site A WW/L/HS/P/MO/LG Site D CW/L/HS/P/LO/HG 

Site B CW/L/HS/P/MO/LG Site E CW/L/HS/P.LO/HG 

Site C CW/L/HS/P/LO/HG 

Riparian Management Classification (RMC) 

Each stream site was visited to assess its current and potential riparian health, and 

environmental factors affecting it noted (Appendix 8). The general characteristics of all 

sites were scored and tabulated according to the RMC protocol (Table 20). All stream 

sites were perennial , though flows were low in late summer. 

The dominant riparian vegetation was grass and weeds at sites A, C, and D. Mature 

exotic and native trees were present on one bank at site B and native trees on both banks 

at site E. Plantings of flax , grasses and small native shrubs had begun at Site A. There 

were no wetland areas at the study sites but downstream of site C were some Carex 

secta plants I .Sm tall in a bog (Figure 2S). Gorse was present at site C in patches and 

occupied the left bank of site D. 

Figure 25. Carex secta I .Sm high, in bog near site C 
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Table 20. Summary of stream and riparian characteristics of each site. 
(See Appendix 8 for definitions and scoring. Quinn, 2003) 

Attribute Site A Site B Site C Site D 
Catchment 

Catchment mean slope (0
) 12.98 16.46 20.34 20.44 

Source of flow index 1 I 2 2 
Dominant baserock geo index 1 5 5 5 
Catchment area (kmL) 15.61 6.91 1.25 1.0 I 
Catchment land cover index 3 3 6 6 
Valley segment 

Riparian land use cattle cattle cattle cattle 
Channel shape category index I 2 3 3 
Valley bottom width cat. index 6 6 2 3 
Segment elevation (m a.s.l.) 16 19 154 161 
Segment land slope (0

) 6.47 6.47 25.25 24.25 
Stream order 4 3 l l 
Domain soil age class I I 1 I 
Local mean air temperature 13.59 11 .64 11.31 11.05 
Domain land drainage class 2 2 3 3 
Domain acid P class 1.51 1.46 1.02 1.31 
Domain induration 2.55 2.96 3.9 3.03 
Reach 

Water width (m) 5.43 3.82 1.00 1.00 
Nonvegetated channel width 5.43 4.32 0.30 1.57 
Flood plain width (m) 4.13 2.55 0.73 4 .23 
Wet/dry index I I I I 
Bank.full width (m) 9.55 6.06 2.09 1.50 
Local slope index 3 3 4 4 
Local land slope length index I I 3 3 
Substrate composition Silt/bedrock cobble cobble cobble 
Channel slope index 3 3 6 6 
Vegetation height (m) 0.5 5.0 1.0 5.0 
Shade ratio 0.03 0.51 0.71 3.3 
Bank height right bank (m) 1.0 1.5 1.0 2.0 
Bank height left bank (m) 1.0 1.6 1.0 1.3 
Mean bank height (m) 1.0 1.55 1.0 1.65 
Macrophyte cover % 50 40 70 5 
Dominant riparian veg. index 1 4 I 3 
Periphyton index 4 0 3 1 
Woody debris index 0 I 1 1 
Stable bank % 100 JOO 10 100 
Stock access to left bank index 0 0 1 1 
Stock access to right bank 0 0 1 1 
L & R banks stock access index 0 0 2 2 
Stock bank damage index 0 0 3 2 
Fence type index 3 3 0 0 
Fence to left bank (m) 30 400 0 0 
Fence to right bank (m) 100 30 0 0 
Both sides fenced(%) 100 JOO 0 0 
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Riparian Management Classification Current (RMC-C) and Riparian 
Management Classification - Potential (RMC-P) 

Current and potential riparian activity assessed on-site is summarised in Table 21 

(Quinn, 2003). The potential riparian function was judged the 'best outcome for the best 

practicable management for the site ' . The results clearly show degraded riparian zones 

at all the stream sites though site E had the best current assessment (RMC-C). The least 

active functions currently were shading and leaf litter and wood input while the most 

active were bank stabilization and overland flow filtering. The priority improvements of 

function expected across the five sites with riparian restoration and best practice 

management, were - shading (for temperature, plants, wood input, leaf litter, and fish 

habitat) > nutrient uptake > denitrification > downstream flood control > bank stability 

and overland filter flow > aesthetics > recreation (Table 22). 

Figure 26. Site C - Cattle damage to the banks, excessive watercress 
and algal growth in stream 

The results (Table 21) were influenced by the current, very poor functions at site C with 

only I 0% bank stability and 90% slumping, minimal effective shade for fish cover, poor 

wood and litter input, and poor capacity for denitrification (Figure 26). However, it had 
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the best potential (RMC-P) for the future with stock removal, fencing and a positive 

restoration plan. The effects of no riparian input was also seen at site D. Across all sites 

the recreational and aesthetic assessment score was low but the potential for 

improvement was high as a result of improvements by riparian restoration. 

Table 21. Summary of current (RMC-C) and potential (RMC-P) riparian activity at 
sites on the Whareroa Stream. Scores range from 0 = not active to 5 = very highly 
active 

Function\ Site A B c D E Mean 

Current function 

Bank stability C 4 4 1 5 5 3.8 
Overland flow filtering C 3 4 3 4 5 3.8 
Nutrient uptake C 3 3 2 4 4 3.2 
Denitrification C 2 2 1 2 4 2.2 
Shade for temp C 0 4 1 3 5 2.6 
Shade for plant control c 0 4 1 3 5 2.2 
Wood input C 0 2 1 0 3 1.2 
Litter input C 0 2 0 0 3 1.0 
Fish habitat C 3 3 0 3 3 2.4 
Downstream flooding C 2 1 0 2 2 1.4 
Recreation C 0 2 0 0 2 0.8 
Aesthetics C 2 2 0 2 3 l.8 
Mean for each site 1.6 2.8 0.8 2.3 3.6 
Total for each site /60 19 33 10 28 45 

Potential functions 

Bank stability P 5 5 5 5 5 5 
Overland filtering P 5 5 5 5 5 5 
Nutrient uptake P 5 5 5 5 5 5 
Denitrification P 3 4 4 3 5 3.8 
Shade for temp P 1 5 5 5 5 4.3 
Shade for plant control p 3 5 5 5 5 4.8 
Wood input P 1 5 5 5 5 4.3 
Litter input P 2 5 5 5 5 4.4. 
Fish habitat P 5 5 5 5 5 5 
Downstream flooding P 3 2 2 2 2 2.8 
Recreation P 3 5 2 2 5 3.4 
Aesthetics P 4 5 5 4 5 4 .6 
Mean for each site 3.3 4.7 4.4 4.3 4.8 
Total for each site /60 40 56 53 51 57 
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Geomorphological factors 

The factors influencing geomorphological function ratings were channel width, 

permanence of flow and slope of land adjacent to the riparian zones. 

Flow - all streams were perennial with lower flow in the summer. At Site D, a pipe 

1 Ocm diameter extracted water at the lower end of the reach for an historic reservoir 

supplying stock water. The flow above and below the pipe was not affected and there 

was no damming on the first. However, a second visit in May 2007, found the stream 

completely dammed, all water diverted to the reservoir and no flow downstream. 

Table 22. Potential for change - average improvements of function expected across 
the five sites . Priority Ratings for change: L = Low; M = Moderate; H = High. 

Function Mean Mean Potential for Priority 

RMC-C RMC-P change ratings 

(RMC-P -

RMC-C) 

Bank stability 3.8 5.0 1.2 L 

Overland filter flow 3.8 5.0 1.2 L 

Nutrient uptake 3.2 5.0 1.8 M 

Denitrification 2.2 3.8 1.6 M 

Shade for temperature 2.6 4.3 1. 7 H 

Shade for plant growth 2.2 4.8 2.6 H 

Wood input 1.2 4.3 3.1 H 

Leaf litter 1.0 4.4 3.4 H 

Fish habitat 2.4 5.0 2.6 H 

Down-stream flood control 1.4 2.8 1.4 M 

Recreation 0.8 3.4 2.6 L 

Aesthetics 1.8 4.6 2.8 L 

Channel width - all study sites had bankfull channel widths of < 12m, the greatest 

being Site A with 5.43m (Table 23). Geomorphic channel width classifications provided 

a guideline to effective shading. None of the sites were > 12m wide indicating that 

effective shading could be established. The potential for effective shading was greatest 

at Site C. 
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Table 23. RMC-C and RMC-P associated with channel width of sites 

Site Channel width Current riparian Potential riparian 

A 9.55m = M Grasses & shrubs Grasses/ shrubs 

B 6.06m = S Trees & scrub Trees 

c 2.09m = S Grass Small trees/ shrubs 

D l .50m = T Grass & gorse Small trees/ shrubs 

E 3.28m = M Trees Trees 

Local landform - local landform is a key morphological factor in riparian function as it 

accounts for surface water run-off. Thus the U-shaped and Y-shaped valleys (C, 0 , E) 

had higher ratings than plains to decrease run-off (Appendix I 0). Sites A and B drained 

medium sized plains with compaction over sand and peat. Site C had considerable run

off from the steep valley sides bereft of any trees and with slumping and springs. Site D 

had good overl and filter flow through gorse and grasses and Site E had low run-off 

through trees (Appendix 8). 

Temperature variations 

The Hobo H8 temperature loggers were retrieved from all the sites 185 days after 

insertion in the deepest part of the reaches. Unfortunately, the logger at site C had 

leaked and there was no data for that site. The data from the other four loggers showed 

high maxi mum temperatures at all sites (2 I .35°C-26.34°C) suggesti ng that either 

periods of low flow had occuned where they were not complete ly covered or the water 

in the upstream catchments was subject to high daily temperatures through lack of 

riparian protection. All the farm streams were shallow and heated quickly if exposed to 

solar radiation. 

Average mm1mum temperatures were also higher than expected, >9.03°C (9 .03°C

l 0.6°C) possibly reflecting the warm dry season with warm nights that persisted through 

to the end of May 2007. The average temperatures for all sites indicated a possible shift 

from previous REC classifications where Sites B, C, D and E were classified as CW 

(cool-wet) ie. average temperatures < l 2°C. The diurnal temperature swings were 

greatest in the exposed streams eg. site D temperature amplitude varied from I I. I I °C to 
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only 0.38°C, and site A from 14.15°C to 0.38°C. The least affected was site E that was 

within a bush area. Large diurnal temperature swings have negative implications for the 

survival of fish and macroinvertebrates (Figures 18, 19, 27). 
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Turbidity 

Water clarity, as a function of the effectiveness of riparian function, was measured at 

each site on one occasion only, using a clarity tube. The length of vision within the tube 

was measured in cm and compared to the scale. The variation between sites was small , 

and within the range of " slightly turbid" on the day of the survey (Table 15). 

The apparent clarity of the water at Site C in spite of bank damage by cattle (Figure 26) 

was associated with no farm animal movement near the sites on the week before testing. 

However, a population of recently dead, but intact, land slugs in the stream bore 

testimony to recent bank destrnction. 

Site D was the clearest stream, with little stock movement nearby, a rocky base and 

riffles and pools. The riparian vegetation was sparse above and below the reach and 

though there was only gorse at the study site it had effective filtering activity. 

Conductivity 

This was measured at each site using the EUTECH Cybernetics TDScan 3 adjusted to 

25°C. Measurements taken at each study site showed increased conductivity as the 

network streams became larger and absorbed water from tributaries draining farmlands . 

The measurements were recorded as microsiemens per centimetre (µSiem). Sites A and 

B measurements indicated slight to moderate enrichment of the water. Site A had 

considerab le amounts of green filamentous algae during the summer. Sites C, D and E 

had slightly enriched waters, with Site C having some green filamentous algae over the 

summer. The total lack of riparian vegetation and the large amount bank slumping and 

cattle damage at Site C, were not consistent with this measurement that was expected to 

be greater (Table 16). 

pH 

The pH of the stream water was measured at each site with Merck Neutrality pH strips 

and found to be the same at a ll sites, namely pH = 7.5, which is neutral (neither acid nor 

alkaline). The incremental change on the tape was 0.5 units and therefore relatively 

insensitive to small differences. The readings were undertaken in the late mornings each 
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time. The presence or absence of macrophytes did not alter the readings, nor did the 

presence or absence of farm run-off or peat soils (Table 16). 

Riparian vegetation 

An inventory of the weeds on the riparian zones up to 1 Om from the stream bank sites 

was compiled (Appendix 11 ). They were mainly the common pasture weeds introduced 

either with seed or animals . Variegated thistle was abundant at Site C (Figure 28) and 

inkweed and hemlock at Sites D. Foxgloves were widespread over the banks at Sites C 

and D. Gorse was abundant at Site D and present in patches on the valley sides at Site 

C. The only weed at Site E was one arum lily, probably washed downstream during 

high flow and present at the edge of the site. 

Figure 28. Variegated Thistle (Sy libum marianum) on Whareroa Farm 

The grasses at Sites A, C and D were pasture grasses, with some native grasses at Site 

A. Riparian planting had commenced at Site A with flax, toetoe, as well as karamu, 

taupata and ngaio (Table 24). The macrophytes water celery and watercress, were 

abundant at Site A and moderately abundant at Site B. Water cress alone was extensive 

at Site C and moderately abundant at Site D. Other non-weedy macrophytes included 

reeds and rushes at Site A. There were no macrophytes at Site E. 
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A list of native trees, at or near each site, was compiled in conjunction with a 

biodiversity sweep by the Greater Wellington Regional Council in 2007 (Appendix 9). 

A subsequent visit to the farm by the Wellington Botanical Society in November, 2007, 

has augmented the list, including plants found in and around the wetland near the 

entrance and new listings from the bush remnants (Appendix 12). The dominant riparian 

species across the si tes are seen in Table 24 and the distribution of vegetation types in 

Figure 29. 

Table 24. Current dominant riparian vegetation list. 

Site Dominant Species Prominent species 

A Grasses Flax (Phormium lena.x) 
toctoc (Cortaderia toetoe), 

B (mixed trees exotic and native on the sycamore (Acer pseudoplanata) , 
stream banks) wil low (Salix baby lonica), 

macrocarpa (Cupressus macrocarpa 
kawakawa (Macropiper excelsum) 
mahoe (Melicytus ram!florus 

c Pasture grasses Weeds 
Variegated thistle (Sybilum marianum) 
Gorse ( Ulex europeaus) 

D Pasture grasses Weeds 
Gorse 

E Tall native trees - Understorey fems and lianas including 
kohckohe (Dysoxylum spectabile), rata (Metrosideros pe1:forata) 
titoki (Alectryon excelsus), 
matai (Prumnopitys taxifolia) 
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Figure 29. Dominant riparian vegetation types across all sites (after Quinn, 2003). 

Summary of results 

River Environment Classification (REC) 

98 

Climate: results indicated a possible change in the climate of the stream network with 

warmer temperatures recorded over the 6 months of the survey. Temperatures ranged 

from 26.34°C maximum at site D to 9.03°C minimum site B. The greatest amplitude of 

temperature change was at 14.5°C at site A. The mean temperatures ranged from 

14.56°C at site E to 15 .79°C at site A. 

Topography (Source-of-flow): eastern hills 272m a.s.l. graded (<400m a.s.l.) 

Geology: hard sedimentary (greywacke) 

Landcover: pastoral 

Network-position: sites A and B were MO (middle order) streams; 

sites C, D and E were LO (low order ie. small) streams. 

Valley-landform: Sites A and B were LG (low gradient)on plains; 

sites C, D and E were HG (high gradient) in V-shaped valleys . 

Riparian Management Classification (RMC) 

RMC-C: the evaluation of the current riparian state over 12 parameters (O=inactive to 

5=highly active) gave a possible total score of 60. The mean score obtained over the 5 

sites was 27/60. The means across all sites were low for all functions (Table 21) ranging 

from 0.8/5 for recreation to 3.8/5 for bank stability and overland filter flow. 
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Site C was an outlier in all results and responsible for the low means. Bank stability was 

a major problem with severe slumping and stream bank damage (115). 

Lack of stream shading, impacted on temperature control, wood input, leaf litter input 

and fish habitat leading to low scores particularly at sites A, C and D, 

Recreation and aesthetics had universally poor scores. 

Lack of effective riparian activity accounted for the low scores for mitigation of 

downstream flooding and low nutrient uptake across all sites . 

RMC-P: the assessment of the potential for restoration (scored by the same method) 

showed that there was considerable potential for riparian restoration particularly at site 

C (Table 22). The cumulative RMC-P score was 51.4/60 given best practice 

management over > 1 Oyears (Table 21 ). The establishment of shading at all sites was 

found to be the most important restorative function as it provided temperature control, 

organic matter and a favourable habitat for fish. The restoration of a riparian zone 

would also assist with nutrient uptake, denitrification and downstream flooding . 

Turbidity, conductivity and pH 

Turbidity and conductivity were both slightly raised at sites A and B, representing 

increased nutrient and sediment load. The pH was unaffected. 

Vegetation survey 

The dominant vegetation was pastoral grass except at site E where there was native 

bush. The dominant macrophytes were water celery and watercress except at site E 

where none were found . o wetland areas were present at the survey sites but were 

nearby at site C where tussock and Carex secta were present. Remnant bush on the 

valley sides near site D and at site E was of lowland forest with kahikatea, nikau, 

mahoe, kawakawa, and titoki . 
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Table 25: Summary of riparian ratings of 5 sites. (NIA= not available). 

SITE A B c D E 

RMC-C (n/60) 19 33 10 28 45 

RMC-P (n/60) 40 56 53 51 57 

Mean Temp. amplitude (QC) 3.62 4.45 NIA 3.18 2.50 

Maximum amplitude (QC) 14.15 10.73 NIA 11.11 6.94 

Minimum amplitude (QC) 0.38 0,77 NIA 0,38 0,38 

Turbidity (clarity) (cm) % 70 75 75 80 75 

Conductivity (µS iem) 230 210 190 190 190 

pH 7.5 7.5 7.5 7.0 7.5 

Current shading (n/5) 015 415 115 315 515 

Macrophytes (%streambed) 50 40 70 5 0 

Current in-stream or game 015 215 015 015 315 

matter 

Fencing both sides(%) 100 100 0 0 100 

A review of the results indicated that site E was the most favourable site with riparian 

functions - shading, water clarity, lower daily temperature amplitudes, no macrophytes 

and some organic matter within the stream. It also confirmed that sites A and C were 

currently the worst sites for riparian and stream health. 

Discussion 

This study highlights the critical importance of riparian zones in providing for the 

ecological health of streams through the interface with water and land that is 

represented by longitudinal, lateral and vertical connectivity. The impact from the loss 

of the riparian connectivity resulting in loss of effective protection for streams is well 

illustrated on Whareroa Farm. 
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The evaluation of the riparian conditions associated with the south branch of the 

Whareroa Stream using the REC Protocol (Sneider et al., 1999) and the RMC Protocol 

(Quinn, 2003) provided clear evidence of the degree of degradation that had occurred. 

The streams had been subjected to almost complete deforestation over more than a 

century of farming . The survival of a few small remnant bush areas could provide a 

basis for restoration and rehabilitation with best practice management in place. 

The REC protocol followed the spatial framework established by Sneider et al. (1999), 

with its hierarchy of 6 controlling factors. Climate, including temperatures and rainfall , 

is seen as the first of the hierarchical factors providing influence over the other five . 

Analysis of 6 months of temperature data showed higher average temperatures than 

predicted by the REC database for all sites . The size of the amplitude of temperature 

change is of concern as it may impact on the fi sh and invertebrate populations 

adversely, especially in the presence of low flow. The high maximum temperatures and 

lower than average rainfall for the district, were likely to have been part of the current 

El Nino weather cycle (NIWA, 2007). The permanence of such climate changes in a 

global setting cannot be predicted. 

The consequences of the warm temperatures and lowered stream flows were highlighted 

by the presence of increased filamentous algal, excessive growth of macrophytes and 

changes in aquatic invertebrates assemblages at the study sites (Table 5). Many previous 

studies have highlighted the importance of appropriate temperature control on stream 

ecosystems (Quinn et al. , 2000; Townsend et al. , 2003 ; Allan, 2004). However, in spite 

of the 1 OOm bush cover at site E, daytime stream temperatures were frequently above 

average probably due to the valley above site E having no riparian stream protection. 

The length of riparian zones required to adequately maintain an appropriate water 

temperature for aquatic invertebrates is unknown but Rutherford et al. ( 1999) indicated 

that 1-5 km may be required for first order streams with 75% shade to achieve a 5°C 

reduction in water temperature. (Parkyn et al. , 2003). 

Although there were no apparent changes in the other REC database parameters for 

each site, they did vary between the sites on the Whareroa Farm with their high 

gradient, low order streams in steep V-shaped valleys, and the sites in Queen Elizabeth 

Park with their low gradient, middle order streams on a flat (plain) landform. 
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The REC information gained was used as part of the RMC protocol to evaluate the 

riparian functions of the stream network. The 12 riparian functions of the RMC showed 

the catchment, valley and reach network of the Whareroa Stream to be lacking in its 

riparian functions (Table 21). No current riparian function (RMC-C) was satisfactory 

though bank stability and overland flow filter were the better functions across the sites. 

The overall current activity of all the sites was broadly in line with the results found in 

Canterbury by Quinn (2003), with the Whareroa Streams showing low ratings for input 

of wood debris and leaf litter, downstream flooding control, recreation and aesthetics, 

and low-moderate ratings for shade and denitrification (Table 21 ). 

There was a clear difference between the riparian situation at site C and the other sites 

with poor or nil ratings for every function except the overland flow filter function. The 

potential for this stream was, however, very high for most functions with best 

practicable management. The withdrawal of cattle, effective feral animal control and 

positive bush restoration would be required to ensure bank stability and a satisfactory 

fish habitat. Macrophyte (watercress) and weed control, especially variegated thistle, 

would follow effective shade being established. Scarsbrook and Halliday (1999) have 

shown that stream ecosystems recover rapidly with the change of land-use from pasture 

to forest and while it is not possible to define exactly how wide a forest zone needs to 

be, forest agencies have suggested 10-30m (Broadmeadow & Nisbet, 2004). However, 

it may take 15-20 years for decreases in daily maximum temperatures levels to be 

suitable for sensitive macroinvertebrate species (Collier et al., 2001 ). 

The rate of heating unprotected streams decreases with their depth but the benefits of 

stream shading decreases with width (Davies-Colley & Quinn, 1998). This study did not 

show great variations in the speed of heating of streams but did show highest 

maximums occurring in the late afternoons . The plantings of grasses and small shrubs 

along the banks of streams does not alter the shading but does provide other riparian 

functions such as overland flow filtering. Mature trees forming a canopy will shade a 

stream less than 6m wide and incised streams without riparian foliage benefit from 

topographic shade (Rutherford et al., 1999). This latter may have been important at site 

D. 



Chapter 3. Whareroa Streams - a riparian evaluation 103 

The prevention of filamentous algal growth requires 60-80% shade and macrophyte 

control occurs when 90% shade is present. Results showed that there were no 

macrophytes at site E though all other sites had considerable quantities. The presence of 

excessive macrophytes in streams may also illustrate increased nutrient and sediment 

loads not being processed by riparian mechanisms. Important vertical connectivity 

between surface water and groundwater involving leaf litter may be overwhelmed by 

nutrient loads in streams and hence loss of primary production (Boulton, 2007). The 

build-up of nutrients and sediment contributed to the macrophyte growth at site A. 

The presence of increased nutrients and sediment could also be inferred from the 

slightly raised turbidity and conductivity at sites A and B. Denitrification had only a 

low-moderate rating across all sites but the potential for change was not large. The lack 

of riparian plants to provide a carbon source from buried organic material , or wetland 

areas to provide low oxygen conditions, meant that it was a relatively inactive function 

at the sites . The nearly complete canopy shading at site E may have limited the in

stream primary production of dissolved nutrients at that site. When shade is restored to 

streams, there can be an increase in the export of nutrients downstream (Rutherford et 

al. , 1999). Water chemistry does not alter rapidly between protected and unprotected 

reaches and may be unchanged for more than 300m into a forest remnant from pasture 

(Scarsbrook & Halliday, 1999). 

Lateral connectivity associated with filtering contaminants (including nitrates) from 

overland flow is compromised where there is surface run-off from steep slopes but 

enhanced where there is flat land, dense ground cover or forest litter, or porous soils . 

Compaction of land will also reduce the filtering capacity of the land. Site C is an 

example of both a steep valley run-off and animal compaction at the stream edges. High 

overland flow leads to significant stream contamination with the loss of nutrients and 

sediment from pastoral land without riparian buffering (Drewry, 2006). Several studies 

have drawn attention to the importance of lateral connectivity in maintaining stream 

structure and function and flood-plain functions for insects and galaxiids, with 

continuous forested riparian zones (Storey & Crowley, 1997; Lake et al. , 2007). 

The channelisation of streams can be a major factor in the prevention of any coarse 

(> Imm) particle organic material, such as leaves and twigs, being retained in the stream 
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as a food source for macroinvertebrates. The particulate material travels with the 

velocity of the water and is lost to the site (James & Henderson, 2005). This was 

demonstrated in the SEY assessment of the study sites. In particular, Site A 

demonstrated this feature with its paucity of invertebrates and lack of structures to retain 

material. The channelisation of part of site B was Jess affected as the cobble base and 

some branches and snags provide effective 'barriers'. 

The dominant riparian vegetation was grasses and weeds except at site E (Table 24). 

This reflected the current use as functioning farm and parkland areas . Free-roaming 

cattle on the farm ensured that there was little or no regeneration of native trees and 

shrubs, and that the stream banks were often severely damaged. Within the park, the 

channelised banks were protected by remote fencing preventing animal invasion, but 

were prone to occasional flooding. 

Overall , the highest potential for change (RMC-P) identified in this study was with the 

increased input of wood debris and leaf litter from trees . Though large wood debris is 

best retained in small streams, this was not the case at site E where tree falls were 

mostly on the banks and not in the stream. Site E had good leaf fall , bank undercuts and 

some pools but few fish when surveyed (Table 12) possibly due to upstream conditions 

including pollution from cattle and warm temperatures . Natural restoration of woody 

debris to streams may take decades but the process can be sped up artificially (Quinn, 

2003) . The RMC-P assessment indicated the possibility of large shifts in the 

management goals for the Whareroa Farm. Quinn (2003) defined 'best practicable 

management ' as the use riparian fencing to prevent stock access and managing the 

protected area for the development of long grasses and trees as appropriate to the site. 

Summary 

A summary of the individual site's current and potential riparian activities indicates that 

there is potential for increased riparian activity at all sites (Table 21 ). The streams all 

showed the effects of loss of riparian cover either directly above the reach or upstream. 

The loss of headwater bush and trees affected the entire watershed. 

The current riparian activity at site A was marked by the total Jack of shade allowing 

water temperatures to rise, excessive macrophyte growth in the spring and consequent 
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eutrophication of the site in late summer. Though grasses and shrubs have already been 

planted along its banks, these will take time to be effective contributors to the stream 

temperatures and litter input. There is little evidence that its present quality provides a 

suitable habitat for fish and macroinvertebrates, though as a passage to higher reaches it 

appears to be effective ie longitudinal connectivity is intact. The banks do not provide 

well for lateral connectivity through the macrophytes but some very small areas of reeds 

suitable for spawning do exist. The lack of leaf litter on a bed of sediment suggests that 

vertical connectivity is compromised. Potentially this site will improve with the present 

management plan over the next decade from 19/60 to 40160. 

Site B, partially beneath a canopy of mixed exotic and native trees, has effective water 

temperature control though leaf litter is sparse as the leaf fall is on to the flood plain 

rather then the stream. There is effective fish and macroinvertebrate habitat though the 

limited flooding history of the stream suggests that it is not a favourable spawning area. 

Longitudinal connectivity is maintained with upper and lower reaches. Some vertical 

connectivity occurs at the upper part of the reach where there is leaf fall. The potential 

for this site with strategic management of the north bank would see it progress from 

34/60 to 56160 , and become a most pleasant recreation area. 

The effects of past pastoral farming are seen particularly at site C where the stream 

banks have slumped and are severely damaged, no riparian cover exists beyond two 

gorse bushes, weeds are prolific, and excessive algal and macrophyte growth covers the 

stream. Though redfin bully and koura were found in very small numbers, the habitat is 

poor with no leaf litter to support macroinvertebrates . There were no current satisfactory 

riparian activity parameters. This site has the greatest potential for restoration. The 

uphill proximity of native shrubs and trees with seeding potential , supplemented by 

appropriate planting, should ensure an improvement in riparian activity from 10/60 to 

53160 over the next decade. 

The current riparian activity at site D was moderate with tall gorse on the south bank 

and a high bank on part of the northeast bank. The stream bank had undercuts and 

stones making it a suitable habitat for macroinvertebrates and fish (galaxiids and 

bullies). However, there was a dearth of leaf litter and wood debris. Temperature 

control was a concern with moderate macrophyte growth over the summer. Potentially 
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this site will benefit from stream bank planting with grasses and trees with the activity 

score expected to rise from 28/60 to 51/60. 

The current riparian activity at site E evaluated as highly active apart from its capacity 

to control downstream flooding. The canopy of native trees has effective leaf fall and 

the stream banks are suitable for spawning. As a habitat for macronvertebrates and fish , 

it is very suitable. Temperature control was noted to be only moderate as the stream 

passed through open country before entering the bush. Restoration of the headwaters 

and establishment of a riparian zone in the valley would ensure that this was managed. 

The activity score would rise from 44/60 to 51 /60. 

The recreation and aesthetics functions provided by streams follow the restoration/ 

rehabilitation of their ecosystems. The re-establishment of longitudinal, lateral and 

vertical connectivity to the streams through riparian management is fundamental to 

restoration (Parkyn et al, 2003 ; Boulton, 2007; Jansson et al, 2007; Lake et al. 2007). 
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The future management of Whareroa Farm will be determined by the debate between 

the desire to allow forest regeneration and the desire to operate a viable farm unit in 

conjunction with Queen Elizabeth Park. All parties appear to be agreed, however, that 

the catchment in the steep hill country should not be further subjected to animal erosion 

and that its retirement from active farming is appropriate. 

These studies established through the SEY and RMC processes that there was moderate 

to severe degradation of the stream network traversing the farm . They also established 

that there was considerable potential for recovery of stream health in conjunction with 

best practicable management (Rowe et al, 2003). The documentation of the current 

situation in the streams provides a basis for future stream recovery plans. 

The ecological health of streams is a combination of their ecosystem structure and 

function. The studies found that both were markedly affected by the land-use changes of 

the last century perpetuated by current farm practices. Macroinvertebrate and fish 

communities were affected in all areas, with low MCI, QMCI and Fish IBI across the 

streams. These ecological indicators highlight that the reduced water quality and poor 

habitat provision in the streams are the direct cause of the poor representation of fauna , 

but also indicate that environmental improvement could, or should, improve this. 

The lack of riparian zones was a major feature of the degradation of the Whareroa 

Stream network. The one small area of bush on the Ramaroa Stream was insufficient to 

atone for the lack of suitable fauna habitats. A positive programme of riparian fencing 

and riparian revegetation from the headwaters would improve the stream health. With 

increased stream protection from the riparian zone, temperature fluctuations , 

macrophyte excesses and increased turbidity would be moderated allowing increased 

numbers of aquatic insects and fewer gastropods and amphipods to occupy the streams. 

In-stream wood debris and organic matter input in turn would encourage more galaxiids 

and bullies to occupy the streams. 
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The comprehensive SEY process clearly showed the cumulative effects of stream 

degradation with the marked deterioration of ecological function at the downstream 

sites. The serious loss of ecological value in the site C stream was associated with the 

almost complete loss of any riparian zone to weeds, gorse, slumping banks and bank 

erosion from cattle entering the stream. The site C stream lies in a steep valley ill suited 

to farming but capable of forest restoration. 

Though the two sites in Queen Elizabeth Park are effectively ' transit ' areas, they are 

also potential habitats for galaxiids, bullies and eels. However, the habitat function at 

site A was not sustained in the late summer with collapse of the algae and macrophytes 

that occupied the stream and no EPT taxa, galaxiids or bullies were found. The long

term improvement of the catchment together with the riparian management of the lower 

reaches could be expected to reverse much of this ecological stress by moderating the 

deposition of sediment, excess nutrients from farm run-off and temperature fluctuations. 

Of particular value to the assessment of the potential of the Whareroa Farm was the 

RMC-P where, given best practicable management of the farm, there is a predicted 

return to stream health . The unanswered questions in these studies are how much 

riparian protection is needed and how long will it be before any positive results can be 

discerned. The SEY and RMC provide monitoring measures for Regional Council 

managers as restoration proceeds. 

Successful stream and river restoration has frequently been poorly monitored. Woolsey 

et al. (2007) have drawn attention to the trial and error nature of many of the projects 

and have proposed an algorithm with defined objectives, goals and restoration measures 

as a more systematic approach to restoration success. The 'holy grail ' is to restore a 

landscape to a pre-human condition for many projects. However, after a century of 

changes of land-use to agriculture as with Whareroa Farm, this is unachievable. 

The proposed strategy to assess stream restoration success (Woolsey, 2007) commences 

with defining the project objectives, including the sustainability of the proposed 

restoration (social, environmental and economic). This is followed by development of 

indicators to assess the restoration success. These include ecological and functional 
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indicators reflecting longitudinal, lateral and vertical connectivity. The SEY and RMC 

assessments used in the above studies would provide this assessment. 

Practical management guidelines for weed management, stock access, vegetation 

management and channel design have been proposed by Rutherfurd et al (2001) with 

particular reference to the situation in South Australia. In general, they are applicable to 

New Zealand streams also. 

A community model for community involvement in restoration projects was used 

successfully in 1998 in the Avoca Valley Stream, Canterbury. The guidelines for this 

restoration provide a New Zealand model that would be suitable for the Whareroa Farm 

(Lucas, 1998). Map 4 shows a 2006 proposal for riparian fencing and catchment 

retirement. 
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Map4. 2006 Proposal for Whareroa Farm and Queen Elizabeth Park. 
(Greater Wellington Regional Council and DOC.) 
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Appenclh l. Stream Ecological V aloation Algorithms. 

(after Rowe cl al. 2006) 

1. Hydraulic functions: 

• Nruuralfl.ow regime (NFR): Channel t)·pe was assessed visually ilJld the extelll of 

any mooifications, induding channelisation, cakulatcd proponlonaUy . 

The variables measured were: 

Vbcd This was a visual estimate of the e" teal of any m<xlific-ation lo the stream 

channel that may have affected the now regime. The length of affected channel 

was assessed a.'> a proportion of the leogtl1 of the stream reach. weighted and 

summed. 

Scoring: 

Channel type Proponlon or Wel.ahtlna {W) S<o.ol"I! 
t:hannel (WxP·1 
•ITcrted fP) -Niumal channc-1 txd ._,ith no LO 

ruudifi~.iltiun J 

Natural dlanllCI bed bul "''ilh 11.7 

:11imc unnatural f111e ~ooiment 

loodinA 
-· 

Channelised " 'ith 'll)fflc 1.ir oo (1.5 

modi(i1;;L1100 frt! i;tabioas) 

Ou.nneli~ed wilh iotnJ 0 .1 
mo.Jifkatioo (c~ Cfll'IC:rclc linin2) -

Vbcd ::: L (WU') 

Vt.rosn The proportion of any erosion to the banks from flooding wa'i estimated. 

Erosion from caulc or olhf'r non-rrnlurnl cau~s Wl\S exd uded. 

Scoring;. 

Proponion <51~ v l:ffiQ1 ;; ). (I 

Proportion 6-3!>% Vcrnm=0.7 

PraportiOll 31 ~ Vcrai;q ;;0.2 

f'roportioa 6 1- 100% Verc:iM = U. l 
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Vimper The impact of any imperviousness upstream of the reach, such as 

culverting, was ~scssed lo be a proportion of the surface water now 

impediment from the catchment The impact of imperviousness depends on any 

flood flow concrol measures upstre.'\m of the reach reduces the effects of 

impt:rviousness anti where there are nu impervious surfaces, Vimpcr = l. 

Scoring: l """"";on of ,., :=-1 ~'atchmcn1 Iliac i~ 
Much i.:ooln.,i Some l~nlJ·uJ lml)Cf''lllUS 

<l<1% I 0.9 l 0.8 0.7 --· 
10-2..'tq 0.5 l 0.4 O.J 

! >l.."% I - - - (I. I 0~1 0.2 

AJeorithm for scorini= the Natural FJ11"' Re1ime <NFR) Function. 

NFR ::: ~ x Vlmper 
2 

• Connecti~itylojlood-p/.oin (CFP): Connecti\•ity willl flood-plains is an essenli4'1 

foil for diffusing and delaying nood events. particularly in the lower reaches of a 

stream. They further provi<le spaw ning groum.I!: fur ~veral native freshwater fish. 

The variahlcs me:aiurcd were: 

Vfpwldtb The mean width nf the fl oodplain (A). excluding the wetted width. w;1s 

measured at each of the 10 uanseclS of e.ach st.re.am. The mean wrttcd chann~l 

width was also measured across each nf the 10 transects. The ·1• value was 

de.tennined where l=A/B. 

Scoring: 

[;""' 2-4 1-2 

Vfpwidth 1.(1 IJ.7 0.4 0 

Vtreq Rood f rcquency estimations for the Whrueroa Stream catchment was 

obtained from l11c Wdlington Regional CoUDcil Ranger wet.I on o~er\'eJ bank

full height and propol1ionally applied to the network of streams from tbe 

catchmenL 
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Scoring: 

E.~tim.-tcd frequem.::y nl 

j Jloocl nows that Rare OcaisionuJ Often Frcquc:nt 
llllndalo the !laud· (-<: l /yt) (I ·21yr) {3-Slyr) (>5.'yr> 

I 

~~r\'Car 
!Value lt( Vf""t 0.10 0 .40 0..&1 J.O I 

I A"or!•bm for scorlna Conntttl!l!J< ro l'loodpla!n i!J:Zl .!!J!ncUon 
CFP • Yfpl.•!d!h + Yrrc:q 

2 

• Conn.e.ctivity for spc-cies mi~ratiom· (CSM): Natural and anificiaJ l:mrricrs within 

lhc reach were surveyed for their effect~ on the annual migrations of migration uf 

diadronious fish and macro-invertebrates such as shrimp! (I'ararya Ct4rvirosiris). 

The connectivity between upslream freshwater habitat~ and Inc~ determines: the 

spuwning success or disappearance of a species. 

The variables measured were: 

VbatT The number and type of barrier were noted during ' 'isual inspection of 

the reach to g1wgc likely c:ffe\:ts on migratory species. 

Scoring: No b.micr(s) 

?..1rtial Nnier(s) 

T Qt,1.1 b.1rrkr 

Vbarr = LO 

Vmrr = IJ . .J 

Vbarr = f).O 

Veatch The proportion of total rnLchmcnl (Pc) affected was calculated, 

indicating the overall ecologic.al impurtance of the barric:n.. 

Scoring: Vcalclt = Pc 

Algorithm for scoring Conntttivity for Sptties Migrations (CSM) 

Fanc:tion 
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• 

2. 

• 

Connec.tillity to grourulwaler (CGW): The connectivity with the hyporrhcic mm: 

is a greal imponance for the bioch~ . .mical pr<l()essing of nutrients and 

coow.minants. 

111e variable: measured was: 

Vbcd The streambed was assessed visually for changes asS0(,;<11cd with any 

modifications w the channel ant.I scon:d as for the NFR function . 

Scoring: Vbcd =}: (Wxr) 

Algorithm for scoring the Connecth·i:ty to Grnondwarer- (CGW) i'unc:tion 

CGW = Vbtd 

Biogl!OCbemical functions: 

Wau.r lempcmJurt: control: Water temperature control is pivotal in rcologic.;11 

pcrf om1ancc of streams. Shade, water depth, waler velocity. exposure to solar 

radiation and the variations in arnbicnl air temperature:. all contribute to the 

overall ecological processes or the streams. 

The variables mcasurod were: 

Vsbad~ The propon.ion of stream shaded by vegetation and/or high banks was 

e~lim:tted by cvalu~ting the proportion (A) o f open s._y present ewer 10 lmn~ts. 

The as~sment assumed midsummer conditions with lhe sun directly ovcrhc.ld. 

Scoring: V~hadc: =Al 10 

Vdiepth The depth (Z) was measured across IO lnmsel..'1.s al '1islances of O. 12, 

.50, 75 and 100% or the cham1el. The mean depth (Zm) was calcula1cd. 

Scoring: . 
Zm VdcJllh 
0.05 0.5 

0.06-0.IO 0.6 

0.11 -0.20 0.7 

0.~1 -0.40 0.8 

:i-0.41 10 
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VvehM: The velocity w~s measured as the change in depth at each of the same 

equidistant points across the 10 transects. The direct readings were used to 

calculate the velocity and the mean (Sm) was calculated. 

Velocity (m/scc) =,I 2g,h (g = ~ra,·ity = ?.8; b = IK'ight nf change in mctrcsJ 

Scoring: 
l Sm y,-~foc 

r 0.05 1.0 

' 0.06-0.10 0.9 
I 0.11-0.'.?<l (U~ 

I 0.:1-0.40 0.7 i 
I >0.4 1 0.6 

Vltogth The length (L) of the stream reach wa~ measured. 

Scoring: -L(m) Vlcn~lh 

>300m 1.0 ----------l <l l-3(1(.l U.9 --51 ° Hl(l o.~ 
( 1-5(/ 0.4 

Algorithm for scoring Water Tcmperator<: Control (WTC) Function 

WTC"" Vstmde x (V<kp!h + v ... d!!f +\'kni:;tb) 

3 

• Vin·olved oxyge:n mainltmance (DOM): The arnouol of dissolved oxygen in 

~·atcr determines the urganjsms lllal cau live in that envirunmcnL 'Where cl.Je 

levels are low, only tolerant biota can survive. Oxygen is made avaHable from 

photosynthesis and from diffusion lJf almn:i;phcric oKygcn, a nd i$ improved in 

strc3rru with some turbulence as the ~urface area uf the wat~ is iucreasell. 

Reducing factor.; include abundant plant growth as they absorb oxygen al night. 

decomposition of org:wk matter. and nitrification of ammonia. 

The \'eriable measured was: 

Vdod The dis$0lvcd oxygen demand (DOD) was c:dculat.ed "'i!ually across 10 

equidistant transects with regard 10 the presence or absence of anaerobic 

sediment, bubbling from the sl'diment, sulphide odour, sewage iungus, surface 

scum, and amount of macrophyte biomass. The mean of SCQTCS was derived 
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• 

Scoring: 

If there were no oxygen reducing processes-, then Vi.lod =DOD =l 

If Vdod =>I. then the correction factor C = fS/Z) u.!.Swas applied {S = mcao 

\'clocity, Z = mean depth), and Vdoo = 000 x. C. 

If V dod > L V do.:! set al l. 

If <1. lhcn that is V<.11.>;1. 

!)"tatus (lf ~tre31n lr.tdic!ltors of oxygr.n mJoc1a~ pt~-e<."S:e.~ __ I &:ore (DOD) 
_EU'!!?!Til_~ ----

~m"'h bl""-"''" •olim ... , I J'c)()t 

-1:.~lal!l-l\'r:: ~cdimcnt bubbtir1g when diHurbc'd 
-sulphide odour whca ditilurbed 
-surfa1..-e sc1.1m ~flt 
-abundant sewage run:1,'llli 

M.ugiB!ll -small patcbcfi of anac.-OOc: sc:d1mr:::n1 Jlf\..~l 0..50 
·some ~iment bubbling snd sulphide odour 
wbal disturtal 
. i;i,)fl)e !le\\'age fllngw may he prcscol 
-de~ mlM"'"°"'1v•~ ht1,!m<I'-" -

Suh-optimal -no ilililC:robcc i;cd1mcn1 

r 

0 75 
-no sediment oobbUag OJ sulphide pre:.~~nt 
·mot.lt:rnu: ma~•Ph\'u:: hiom~ 

Optimal I No ;tfllK"rntnc scchm.:nl l 
I .ll 

-110 bubblillJl or i:.oours 

~-
_. ~ ·LltUc 1111 n11 m.;;K.'ft!Ehfle biom11.SS 

I 

Algorithni for sooriJlR Dmolved OK)·gen Maintenance (DOM) t'noction J 
DQM;;iVOocl 

----------

Organic maller inpul (OMI): The amoum of organic maltcr put into a scream is 

an indi~tor of its production polcttliaJ. The majur parl of this is leaf fall, which 

can be measured by assessing the total amount of overhead cover provided by the 

canopy above the stream. As deciduou.s trees have leaf fall only in autumn and 

winier, the total amount of summer vegttation needs to be reduced by the 

proportion that is deciduous. 

The variables measured were: 

12 1 



Appendix 1 

• 

Scoring: 

TI1e proportion of canopy co ... er directly overhead was c:slimaLcd 

Vdttld Scoring: 

The proportion of canopy co~·er over r..he reach that is deciduous 

-~~~~~~~~~~~~~~~~~~~~~~~~~~~~~, 

Algorithm for scoring Organic Motter Input (OMI) F1mction 

OMI = Vcanop· (Vc,anQ11X Vckddl 
2 

ln·slream parlick retention (IPR)~ Leaf fall is only useful if the leaves are 

retained wilhin lhc stream long enough for aqu11Lic im·ertebrales, microbes and 

fungi to process them . Retention depends on the length of the reach and irs now 

characteristics, partkularly velocily and hindrances to flow. 

The .,·ariablcs m~sured were: 

Vtrans Leaf analogues were used to measure tho leaf retention wilhin tJ1e 

reach. Ten "leaves" were dropped al the upper end of the 50m reach and any 

stoppi1gc recorded for distance Lmvelled . Another 10 "lra~·es" were droppc.d inlu 

the reach at 2.'lm from the end and similar measurements made. The geometric 

mean (dr) distance lb.at the lea\'es travelled was c.aku.lated and :'lsscssed rcJeU\'t: lO 

the ARC refer~nce sit~ vaJue of df = 4.8. D was calculated as dr/df. 

ScoriuR: - 0 (dtldl) Vtrnns 

<I LO 
1· 2 0.7 

3-4 0.4 
>44 0.1 

The stTUctures stopping the leaf analogues (cg cobbles, ve0 etation, 

ruot.i;, periphylon) were documented, and lhe proportion of each structure 

estimated. The value of the weighting x proportion (WxP} was divided by 0.5. the 

mean value measured for tho ARC refcreo~ 51~. 
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s~oring: 

S.ruci~ Booldcrs Large j Rooted ~riphyk.m Small BanksiJc .t-:un-ou1uml 
1'C1alrun11 & WOOi.i ii"tllalic &leaf 11.·uod \ egclalioo dcbm 
ICll\'C'S cobbles & I plaors lictc:r 

lft.-C 

rools 
\v"C,sti1ing II,._, I.LI IJ,5 o.~ ( I,!) ( 1.4 ll,:? 

(WJ 
Prc-portir>n I 
.~ 

, 
s1nic111res I 
W~P 

v l't'lain "' :L t w f' )J o.s 

Algorithm ror scorl.og ln-a1tream Particle Retention (JPR) Function 

IPR::: Vtnns x Vmaln 

Pnols 

-
n.7 

Decontamirumon of poU141anlt (DOP): The type and extent of micro-Qrganisms 

~rowing on suitable substrates willlin the slre1m1 reuclt provide the prim .• ; pH! 

phy!l:ioo-chemical processes for dccontamioatinn of pollutants. 

111e variable measured was: 

Vsurf TI1e principal suh~trntcs ttss.nciated wiili micro-organisms tJ1a l 

decontaminate chemicals and conlllminanLS (cg leaf litter, periphyton, roots, 

wood) were visually a$8esscd for type and propurtion. 

The sum of the (W 1. P) \•alucs w a'i t.li,•idC'd by tbc ARC reference si tes mean, 

0.36. 

ScoriTig: 

Surf aoc I \'Pi' Wcightinit (\V) P!ol')O(bl uuil c .. ~ .. \ ' l!r {P) WXP 
Leaf litter l.O 
~phyton, submerged l.O .. . ·c:s 

\V ocld, roc"5, pl llS o.s 
CffiCn?.CDl fioot.nur. 
Boulders 0.4 
Grnel, cobble 03 
Sile. bedrock Q.2 
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V ~urf = }: {W ;i; P)/ 0.36 

Algorithm for seoring Decontamination of PoUublnb (DOP) Function 

DOP:::: Vsurf" 

• Fwod·plain particle rete111ion (FPR): Out-of-channel particle retention plays a 

very imponanL part in sustaining C(.X>lugical value::; by retaining silt and Vt'gcta1ion 

loaded in floods and incorporating Uiem in the riparian ecological system. The 

wid1b of the flood plain and the type of vegetation will determine its 

-

eff ectivtmt:SS. 

The variables measured were: 

Vfpwldtb See CFP function calculalions 

Vfttq See CFP function calculations 

Vroagh The flood phtin width , flood frequency and the nature of vcgclBlion 

(short grass, Jong grass, shrubs or Lrecs) o n the flood plain were de-tennine.d. 

Scoring: 

U..1w (C'[t. oore Moder.-!<" (cg. l'.todcr.ue I eg. High (i:g rlov.., 
C'T sodses & Ions trees & Utin shrubs, thicL: 
mownJ~,ed p.isi;c:s) um.lm;klrey 11ndi=ro.;t.11i.:y) 

:l!,r.ISSI 

Wci~hling (Wi 0. l 0.7 U.4 J.O 

f>IT.pool<Jn or t:enk 
oovcrcd (~ -
P~W 

j -·----

Vmugh = }: (P x W) 

Al30rithm for scoring Jtlood pareidc Retention (FPR) Function 

FPR = CVfinrldth ± Vroodi + 'VCmi ) 
l 

3. Habitat provision functiou: 

• 1''ish spawning habitJJJ (FSHJ: A k.ey function of st.reams i ~ the provision of 

spBwning habitats for fish. Galaxiid species deposit eggs on stream banh at high 
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water level among the root~ of grasses and shrubs. Bullies deposit eggs on hard 

surfaces such as the undersidl's of rocks and in-stream wood. 

Tbc \'ariablcs measured were: 

Vpl8pwn The lengtl1 of the near-flat (slope <10") banks (Lb) rh~t would be 

inundated by floods or high tides, and lhc to1.11l leng1h of the reach (I....s). were 

me.asured. 

R = L~ was calculate. 

Scoring: ------
R V~alspwn 

>fl,'25 l .t\ 

0.Jl ·0.25 0.5 -O.OJ-0, Hl 025 

0 (I 

Vgalqual The quality of lbe vegetation for galax.iid spawning wa.<1 a<1:o;~scd. 

Scoring: 
Hi git 
Med 
Low 

VpiqUlll 
l.ll 
0.75 
0.25 

Vgob5pwn Each strea.mbed was assessed for sujtability a.£ a habitat for spawning 

bullies acruss I 0 lransecl~. Thi= IJ\' CIBll pro}1Qr1ion~ (>f $\lilal>li:: hal>ilaL-. were 

combine() as (P) ie. large gravel lo boulder substrate categories+ large wood 

categories but not l>edr~k. sand or silt. 

Scoring: 
p VJK1bs:uwn 

:>JO'!· 1.0 
5-10% 0.8 
2-4% 0.2 
::!'l· U.l 

Algorithm for seoring Fish. Spawning Habitat (FSH) Fundion --=1 
FSH :::: lVptapW1J " Vp!qllflll + Y&ob111nm 

2 ------------------- -· -· ---
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• Habilalfor1UJ1U1ticfauna (HAF): The physical habirat for fish a:ad invertebrates 

is <;reated hy inkrnction.s between many aspects of the physical fon1,;tions within a 

stream. The ARC physical hab1tat assessment protocol was used 10 a~ess the five 

sites. 

lb~ variables me.asure<l were: 

VphyU!a.b The ARC physicaJ habilal chal1 was completed. This include.cl an 

assessment of the aquatic habitat 11ppropria1c for coloni.s~tion, aquatic habitat 

stability, hydrolugic conditions wi1hjn the :sl.ream, chanm:.] :-;bade and effr~1 of 

human activity on riparian vcgeration integrity wilhin 20m of cbe stream fs« 

Appendix 2). The sum of the scores (H) produced a value out of 100, and this was 

compared to the rclacjvc. ARC reference standard habitat score of O.Sti 

Sroring: V phym1b : H/O.R6 

Vwatqual Water quality was S.SSC:liscd as a function of effective shading, and any 

impcrvioLL<> substrate, a5 lbese are important functions io water temperature 

control. The shade was asse.ssed both over the reach (V~hisde) and upstream (S). 

Scoring: 

Extmt or !.ltream above lhe rucll bdne ~ lh111 Is shad~: 
Well shaded (ie. >!()'51 of cntir" "ilfcam ;i~·c reach is shaded} 

Panially Hhadcd {i<: . <51Yif. of ~tream ahm•f! ~1lc is f!JfCSlt"d) 
( Minimal sllad~ Ces. ol&nl ~· ~llln:.. btl1 ~c n(!~.:ill!~~nQ 
l No shade (rnnmlv open Jmtuff:) 

Vwai:qual =DOM :r. V!1hadc + S 
2 

s 
1.0 
0.5 
0.2 
Cl.I 

Vimper TI1e amount of impervious cover was measured and scored as in NFR 

function 

Algoritlun foJ" ~oring Habitat for Aquatic Fauna (HAF) F'urtl:'tion 

HAP= Vphnbab ±f 'V!!lhlPtl t\flmw)a 
2 
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4. Biodivft'sity function.s: 

• Riparian i•egefalion intact (RVI): The riparian :I.One. plays <i major role ill 

maintaining strearu t>L""Ologica.l health. It ads as a filler 10 surfact. and groundwater 

entering the stream, provides overhe.."d cover. provide!> wnnd debris and leaf lirter. 

and maintains a4uaC.ic in.secLs. Slre.am water supports the riparian plants and 

provides a haven for the larvae of terrestrial and aquatic iasec:ts. The land-wa1er 

interface and interactions are key to ecological health. 

The variables mca:r;urcd were: 

Vnpc:ond The current contribution of rhc riparian vegetation to the st.ream 

ecology was assessed and scored according to 1..he table. 

Scoring: 

Statl.ll of riparian ~gna11on &-ol'\" ·, 
(Vr1pcond) , 

-me.turc indlSCllOLIS \'C-~LIUJOfi, rescoc:ra11on 1.0 
..J1\·~ £1!10P.1 Mol under-Nl~}· ·----incaCl ma•Ufl:! o;;inop) bul ll<um[t'Cd Wl<k~lon:~· 0.7 
·l"Cg~cra1mg bu~ (cg. rn11m1lm scn1b) 
-low diversity, co.rly sui~ in clim L\ O.Ci 
• nmta::IL'tl -·---n.i: fOC' a.lx'l\•e hut impn'l«ccl.ed (eg . 1,.--aLLle gr.Wng (\ ,l 

UOOclS10IC\' 

-r11.::1;:11srom1J r.wliH 1rtes pr<"Sl':ll1. n1~ n..1ti\·c IJl:~ CU 

Vnpconn The proportion of the strerun channel where there was clear connection 

between I.ht: rip;uian \'cgct.alion and stream was dctcnnina:L 

Vrlp•r The proportion of the riparian zone. IOm each sJde of the stream, 

covered in trt.e.s or bush was dct.ennined. 

Algorithm for Riparian Vegetation Intac.t (RVI) Function 

RVI = Yrtocood + \1ripcoon +Vrtper 
3 

• lm·ertebrate faun4 intact (IFl): An intact invertebrate fauna is fundamental to 

the conve~ion of primary production into secondary production in a ~tream and 

hmce the productivity of fab. The ecological inLCgrity of a stream requires an 

in~ct fauna. 
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The variables me.asurecl were: 

Vn~I This was calculated from the MCI indc" of the .sample invc.rtebrdles and 

then eitpressed as tl proportion of the mcao n:fcrence MCI (Stark. 1985). 

Scoring: MCbdj = MCl/MCircr 

-·- i MClooi VmL-. 
211~) 1.0 
~- lf"l 0.7 
Iii)-<,() (t .. ~ 

7~1-&) 0. I - ---· <;;4(J.7l> 0 --- . 

Vept The EJ>T index was ~lculated for the 5amplc:s, and then ellpressed in 

relation lo the EPT value for the references sites. 

Scoring: EPTaJj = EPT/EPTrcf 

V cpl -= EVfndJ 

Algorithm for scoring lm·ertebrate Fauna Intact (IFl) Func:__Jn 

IFI = Yn1c1 +Yem 
2 

Fish fauna intact (FA): If the food web is dismpted the habitat for fish may be 

apparent in reduced or absent populations in spite of high quality _water. Fish 

populations are a major comJl<lncnl of fauna in streams, (Joy& Deal..b, 2005) 

The variable measured was: 

Vnsh this was calculated from the 1811ha1 was dcri.\'cd frnm fish trap and 

electro-fishing sampling (Joy, 1004). 

Scoring: Vnsb = IBIJ60 

AJgorithm for scori.Jlg Fish Fauoa lntad (WI) Function 

FFl=Vnsh 
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Appendix 2. Stream Ecological Study Field sheet. 

(developed from SEV (Rowe et al, 2006) & SHMAK Kit) 

HYDRAULIC 

[1] Natural Flow Regime: 

Extent of channel modification 
Channel type Proportion of channel affected 

Natural channel w. no modification 
Natural channel some unnat. Fine sed loading 

Channelised w. some/no modification 

129 

Proportion of stream length affected by bank erosion from flood flows (not cattle): 
(circle one) 

<5% 6-30% 31-60% 61-100% 

[2] Connectivity to flood plain: 

[A) Flood plain width: 

I! I~ I~ 1: I ~o 
[BJ Wetted channel width: 

16
1 I~ I~ 1: I io 

[3] Connectivity for fish migration: 

Barriers to mi2ration %) 
No barrier 

Partial barrier 

Total barrier 

Total catchment area not affected by barriers (%) 

[4] Connectivity with groundwater maintained: 
(use SEV substrate assessment) 
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BIOGEOCHEMICAL: 

[1] Water temperature control: 

Proportion of open sky at 10 transects 

I~ I~ I~ I~ 
D th t 5 ep a t f 10 c pom s or ti ross-sec ons: 

0% 25% 50% 75% 100% 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

V I 't t 5 . t f 10 ti e OCI , a pom s or cross sec ons: 
0% 25% 50% 75% 100% 

I 
2 
3 
4 
5 
6 
7 
8 
9 
IO 

Length of stream reach: 

[2] Dissolved oxygen maintenance: 

Lots of black anaerobic sediment, bubbling when disturbed, sulphide 
odour, surface scum & sewage fun!!lls 
Small patches of anaerobic sediment, some bubbling & odour, lots of 
plant biomass, maybe some sewage fungus . 
No anaerobic sediment, no bubbling or odour, moderate biomass 

No anaerobic sediment, co bubbling or odour, little or no biomass 
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[3] Organic matter input: 

% of stream with overhead vegetation: 

% deciduous: 

141 Instream particle retention: 

Coarse particle retention: 
Measure distance leaf analol!lle particles travel: 2 replicates, Om & 25m) 
Replicate I (at top of study zone) Replicate 2 (25m down study zone) 
l l 
2 2 
3 3 
4 4 
5 5 
6 6 
7 7 
8 8 
9 9 
10 10 

St t t . . I f f I rue ures re amm2 ea par 1c es: 
Structure No leaf analogues trapped 

Boulders/cobbles 
Large wood/tree roots 

Rooted aquatic plants 
Periphyton & leaf litter 
Small wood 
Bank.side vegetation 
Non-natural debris 

(5) Decontamination of pollutants: 

Stream-bed surface type Proportion 

Leaf litter 
Periphyton, submerged macrophytes 
Wood, roots + emergent/ floating 
Gravel, cobble 
Silt, bedrock 
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Periphyton (SHMAK identification) 
Colour Proportion 

Thin mat/film <0.5mm thick Green 

Light brown 

Dark brown 

Medium mat/film 0.5-0.Bmm Green 

Light brown 
Dark brown 

Thick mat > 3mm thick Green 

Light brown 

Dark brown 

Filaments <2cm long Green 

Reddish/brown 

Filaments > 2cm long Green 

Reddish/brown 

Macrophyte species & % cover 

Species % cover Species % cover 

[6] Floodplain particle retention: 

Fl d I . t f oo IP am vege a 100 cover 
Vegetation type Proportion 

Bare/ short areas, grazed/ mown 

Sedges + long grasses 

Flax, shrubs or dense understorey 
Trees with thin understorey 
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HABITAT 

[l] Fish spawning habitat: 

Measure length of low-gradient bank at flood level for galaxid spawning: 

Habitat quality for galaxids; 
(vegetation suitable for egg deposition) 

Habitat quality for bullies 
(large permanent structures in the channel for egg deposition) 

[2] Habitat for aquatic fauna: 
(complete chart) 

u t h d
0 ps ream s a mg: 

high 

high 

Extent of stream above the reach being assessed that is shaded 

Well-shaded (ie >50%of entire stream above site is forested) 
Partially shaded (ie. <50% stream above site forested) 
Minimal shade (eg mainly pasture, but some riparian cover present) 
No shade (mostly open pasture) 

Turbidity/water clarity measurements; (SHMAK chart) 
Clarity tube reading 
Clear to bottom (Visually clear) 

70 - 90 cm (slightly turbid) 

55 - 69cm (moderately turbid) 

35 - 54cm very turbid) 

<35cm (extremely turbid) 

BIOTIC 

[ 1] Fish Fauna Intact: 

• Electrofish 

• Identification 

medium 

medium 

• Determine IBI (Index of Biotic Integrity) for the stream (Joy & Death 2005) 

[2] Invertebrate fauna intact: 

• Carry out 5 surber samples for invertebrates (commencing at bottom of the 
reach). 

• Identify the invertebrates (separate chart) 

• Calculate MCI index for stream 

• Assess aquatic biodiversity (actual vs predicted) 
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RIP ARIAN ASSESSMENT 

[1] Status of riparian vegetation to tom from stream edge 

Mature indigenous vegetation, regeneration 
Diverse canopy and under-storey 
Intact mature canopy but damaged under-storey 
Regenerating bush, low diversity, early stage in climax 
Protected 
As above but unprotected (eg cattle grazing under-storey) 
Occasional native trees present, non-native trees 

List of dominant riparian vegetation: 

(Separate chart) 

134 
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[2] Riparian management classification (After Quinn 2003) 

Ph . I 'b 1ys1ca attn ute s cormg s· 1te 

Catchment Source of flow l = lake or lowland 
2 = hill 
3 = mountain 

Dominant 1 = soft sedimentary 
baserock geology 2 = alluvium & sand 
index 3 = miscellaneous 

4 = volcanic 
5 = hard sedimentary 

Catchment 
average. slope (0

) 

Upstream annual 
rainfall (mm) 
Landcover index l = bare 

2 =urban 
3 = pasture 
4 =tussock 
5 = exotic forest 
6 =scrub 
7 = indigenous forest 

Valley Riparian landusc Cattle; conservation; crop; dairy; 
segment forestry; horticulture; 

sheep; urban. 
Channel shape 1 = channelised 

2 =straight 
3 = meandering 
4 =sinuous 

Mean annual local 
air temperature 
Reach elevation Above SL 
(m) 
Domain land l = very poor 
drainage class 2 =poor 

3 = impeded 
4 = moderate 
5 =good 

Reach Water width Wetted stream width (m) 
Flood plain width Width of flood plain (m) 
Wet/dry index 0 = dry channel 

l = water present 
Channel width 
(m) 
Substrate Bedrock, boulder, cobble, gravel, 
composition sand, silt, clay 
Vegetation height Ave vegetation height (m) 
Bank height Ave bank height (m) 
Shade ratio Bank+ vegetation height/channel 

width 
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Periphyton 0 =none 
categories 1 =slippery 

2 =obvious 
3 =abundant 
4 = excessive 

Macrophyte Species present, % total bed covered 
species & % cover 
Woody debris 0 =absent 
index 1 =sparse 

2 =common 
3 =abundant 

Stock access 0 =no access 
index 1 =one bank 

2 = both banks 
Stock bank 0 =none 
damage index 1 =minor 

2 =moderate 
3 = extensive 

Stream bank % bank stable, undercut or slumped 
stability 
Dominant riparian 0 = bare ground 
vegetation cover 1 = grass 

2 =wetland 
3 =low shrub 
4 = high shrub 
5 = deciduous 
6 =willows 
7 =conifers 
8 = eucalyptus 
9 =native 

Stock fencing 0 =none 
stream index 1 =one side 

2 = both sides 
0 =none 

Stock damage 1 =minor 
classes 2 =moderate 

3 = extensive 
Riparian fencing % each bank fenced 

& 
distance from bank to fence 

Fencing type 0 =none 
index 1 = electric one wire 

2 = electric 2 wires 
3 = post & batten/ electric 5-7 wire/ 
deer fence 
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Riparian vegetation (lOm) and bank cover 

Site/Date Species: Weeds Species: Natives Species: Exotics - Species: Exotic -
non-deciduous Deciduous 

Site: 

Date: 
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Vfish (Electrofishing) 

Site: Date: Comments: include water conditions, riparian, 
bank cover, 

GALAXIIDS: 
Inan2a 
Banded kokopu 

Giant kokopu 

Koara 

Short jawed 
kokopu 

BULLIES: 
Redfin bully 
Common Bully 

Giant bully 

Torrentfish 

EELS: 
Short finned 

Loni! finned 

CRUSTACEA: 
Shrimps 
(Paratya) 

Koura 
(Paranephrops) 
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Appendix3. ARC data shc.~t for as.seS!iing physical habilllt ror aqoatic f.aWUl. 

HABITAT t"'OR AOUATJC f:."AUNA --Onlimal Subontimnl Manrilllll Poor 
Aqamric >SO'ti ofdiamic:I ~rable .)!)..~~ tO.lOM.o( -<l~nr 

lbbi&u.t few qiifauaal aglonimlon ud diannd CllOlaills daamcl cmnncl 
Aht11M1aocc (Liia -wr. inclmlca Wl'llMfy slllbbr habilllt. anuiiu.wi. .. ~u~le 

ddlra, wdcmil bMb, -- kabim. babtlal 
!Ml&, rvatcd aqulllic 
Wii--cul:iblc Of~ 
sRbl .. Mbiut. Ahn im:b.b Noo::~is 
miavpb}1c ilomina1o:l oot .uble 
111.r~ h::abiw 

:.0 19 18 17 ·~ •~to41Jl~11 IQll.7 6 5 4 J:: 11,J 

AqUAric w.a varieiycrmtite~ ~~Ill variciy 11.a.bitat Stllbt• b:iblt~u 
1-bbiua bill>~ t)'PCl pman i~s: of habit.le tyi-. 4i~ l.u:bqCI(" 

Divcrsi.ty woody delwilt, tiQJes. ~ ~~uu .lim.iud co I ~2 lillrited to 
batik.I. rooc mau,, rooted pnnoml int.I~ l)'llh.~ ~, .. 
aqmticl Wtill~ ~,.Oil ..soody lki.is ddlriJ~Of (,a few 
otllcr ml.lie i..biRI. nuy t-c ml~ytc 

~by spcc:la JCCtH 
~ ~ccaklt 

~ I 
20 19 li 17 16 lS 14 U ll ll 10 9 g 76 j .0110\ 

Hydmlogic l\fwme afltydrcAogic Madcnte wric:ty Lil:zliLc:d l~--, 

H~ COllll:iliOl'.lt l..c puul. tiOlc:. tun. OCb)'Walqpc v.irty of" hydro I¥ 
gcodly due. -<:alt.k; .....tdy c( ~cJ.ccs bydrolosj.i: ~~ 

pool Jires lad depths. ..>d5'mllaw Qlmd~ians; unitOnn dwpd• 
()Wl•prnzm docp poolll -.! vdoclly, 
tJIOCll ti!zc alncm (pool : poobabloCl'll l 
·~r..iio~of •i1c rd.al.i~e to r ti•icludct. 
~llQJO'I) r wcofsu~) L IU!ifonnl d~ ... ~.!na·> I 

:ZO 19 Ii 17 16 I 1~ 14 11 1211 10 9 !1 JO 5") l l c -- i 
Cha:nnd >Bmii. oLWMa ~ dlJadcd. 6().~"'-~ - -io-6o't1 or -- <211% nr 
lh.dc NII caoapy """- shaded; .,.-...cr....ruic. waltt .il'Glco 

lbnllytl~ llhltk4, IOOlfll) Mwded. J\1lly 
wilhvl"'I" QP>:llwilh opea. lack of 
pllldics .....W1>o11d... catlOf'Y ~"' • 

20 IO II 17 le> IS 14 13 12 II 1091175 S-0210 
IUpWn """ ~ human actMty m tbl! 

- MiaimaJ nwm:n lluaui~ E'4aia:Wc 
~ ~JO~-~ 9Qivirr;~ lmraan ac:ii\oiry bi-
fnwtlnty lift! &aDD1J and iin1xt 1111in~ &Uiw:i1ree affoctinal adivity; lillla 
~ canopy°" • ..a...., catliOP'f Ul4 otw~. 

ac:Nb;~OI) ~elf)'. ~ ._,._ ll'ftsr.cocU:~ w:gdalioa 
la!plld le~ uadcntCll')' ~"' 
~feral ..aivcor od); 
ubmJ~ ~ pn:llt&..U 

SlnlCtUrn 111111 
bo~ 
4\Mtfildll!lpl 
~etc:) 

Ldt.nk 10 '> • 1 6 ' 4 J l I 0 

~ .... 10 ., • 7 6 $ .. 3 2 I CJ 

I 
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Appendix 4. MCI Scores (Stark, 1999) 

Odonata Mil9a lopter~ Colnoptar:1 S!rnmnY; ir:i.ic .. .. ... .. ... 5 
Am;cflrl;J .......... ... ....... 5 Arr:hicfi;iidiarlcs; .. ..... 7 Anr.'prmi:o; .. ........ .. , ... !.i S'.ftphlooe ................. . 1 
An l\OOO(lf'..11 fora .. . . .. .. _ 6 B f!FOSl/8 .. ..... .. .. .. _ ...... 5 Tabanitbtt .... ..... ......... 3 
Au::trofC'.:;kl:o: .. .. .. ....... _ t3 Tric.hcphlr:i Dp'liscir.far. ..... ...... ..... .. !5 TiUT)'po::lirtal't ...... ... 5 

H6-.~~~ .. .... ... !• AOl~D.s~ ..... .. .. .. 4 Et~ ........ .. ...... .. 6 Tanvtal'Slfll ·······- ···-···- 3 
Xi!l11ttt0i;11-itrr1i::s -· ·· ·-····-5 Bf!'rill!t•,oJitrfl ····· -····- .. ·· 6 tt,\.lr.u:mitbtt _ .... . ....... a T;J1Tyl.,,-!MIS ·· -····-········ 3 
Ptm:mo'CJll.OJ . ...... ... .....• t3 (;(l(ifiu!!fls ·· - ··· ·-····-·· ·· 5 k)'dmphllld.11! .... .. .. ..... !5 lrJ>.ir1oot'{JtJl8 ...... . .. . 6 

~18c/IQ''9m9 ......... 7 l fflc1&SSIJS".. .... ... .. .. .. .. 5 

Eph~metopt~NI Et.fporcival.lil .............. 9 P~~cl yli'Js.e ...... .. .... 8 Collembcla .... -··-··- B 
AmcJa~opsis .... .... . ... 10 E:cncrniiae . ... ........ .... . 8 Rn.::ml11s; ... ...... .. ........ !i 

Ar.;icl'>llocorv.9 . .. .. .. . i:i HfJ>W;opsych9 .. .. .. , 1 D :!'lclr1t:l!Jol! .......... ........ 8 Crustacea 
Al<iloJ)Jn'tJb.iO.'des .•....• 9 HudsOrl!'h'•1.9 ..... . .. .. . .... 6 SlaJ)ll) l'i dill!! ...... ..... .. 5 An1i.;hpochl .... .... . .... ... . S 

Au~troclr'mOJ ..... ..... ..... 9 HyrJ1ab1o!Art.\'J1 .. ...... .. .. 9 CJrxtpQd<' .. . .. .. ,., .... 5 

CcJ.obun-scvs ...... .. .. 9 Hydroc)10If'm~ ..... ... 9 D lpl•r• O'adocera .. ........ ... .. .. . s 
Dclcmrdtt.irn ...... ... . .. ... S KoflfriOJ .. _ .......... .... .. .. . 9 /lphropMrJ -· ···-·· ·· · .. .... 5 lr.qxid.1 ... . .. ... .... ... ... . t) 

rcfltnytiot~rs ... .. .. .. ... . 6 ~fJlfJC:flCfflll7<1 ....... 6 Avstrosirlw1ilNtl .. ... .. . 3 osuac.oda .. ........... - ... 3 
lrnthrfftrtus ...... ......... . B OeO'.lnesida~ ............. P Qlfup!!ll'C:r1:!! .... .. .. ....... ~ P.:minnphrop:; ..... ...... . 5 
·~•Jll1>~$ .. . . .. .. .. ..... . ... . !S (J{ing.n .... ..... ...... ........ 9 C(lf<l lOT'Qgl;'#li(lOO .. .. ' :.3 Ptv~lyi) .. . ... .......... 5 

Noozeplh~f)J.a ...... .. .. 7 Orthops)'C/19 ........ .... 9 Ch1f(.lf1(lm1J.s .... .......... 1 Tariaida~a ........ ........ 4 
"hJS<JmC'lctus .. . .. ........ 9 Oxf(.•fhi'r;r ................ ... 2 O-,·ptat:hironcimtJs .... 3 

r)nisc.ig<:islar .......... 10 P11.oaxytltN.71 ............ ') Crm'o" ... ... .. .. .. ., .. .. .. 3 Ai;:.;trtlls ,,, . ,,,, .. .. . ..... ... 5 

RaNkie r~s ...... ........... 9 Piu><>fti~lnws· .. .... ... .. s E(flfridiJse ...... ....... .... .. 3 

S'\IAli(;xinigm.J ...... .. ... . 9 Pl'C'Grr=l?(lmi;, ...... . .... B Eplwrlri:l;;.e . ... .... ....... . 4 M ol luscil 

b;-,'Jhr&kX<i ,, ., .. .. . ., ? PoJypi'Qctrop<.JS ... ,. S E:riopllJfinl , .. . .. .. ..... 9 FttmssJ& ........... .. .... . J 
~i(uCtlC(eJtl8 .. ......•... B H-dn.'.:.iu~ .. - .......... ..... B Gtyplopfly!.~ .. ............ 5 

Plccopter3 Pycnoc-t.'flfrrAla ....... ... 9 He::icn:imni ..... ........... 5 G•1r;11IJJ1:;. ... ,,. ,, ., , .. J 

/i (,'fop6fffl ,1, . u 11 1 ' II ~l P}ox:nOC{lt1trm .. . ... ,, 7 L1mcm1oi . ....... .. .......... 5 taria ..... ....... ....... . - ..... .J 
Ausrroperkl .. .............. 9 ~'Cf\l.'G·'9~rOOIJ"8 .... . ... 5 LoJ:.-.od.ld-1rteo!".9 ... ... - .. .. 5 lymnr-Kliiit! ... ............ 3 
Cl-i:.J~rla .. ... ....... .... B Raifima .. _ ..... ...... ... .. 1G Maoridi.,.'OOsn .•..... .... 3 Mcl:mop.~ ;..- ..... ......... 3 

H81Y1<:C>p61'4J .. .. ... ,, I:\ f 1r.'1ob11Jsls . .... ... .. l> M/.•11.:1NXf1m1s .. .. ... ... 4 Fr1,-SJJ ... . .................... :J 
Meg.Bli1JfflJ)6rl8 ...... .. & TrlpiectJd-es. .... . ... .. 5 Morop,11111.ts .. .. ... ... .. . .. .. 5 .PororrJ~gm . ..... .... . 4 
Spamoccrr.-:i ...... ....... B Z-.ii'a(ossica .. - ... .. ..... 10 MU5cidae ...• .... •.... •. .... 3 Sph;1eriid;w. .............. J 

.S,PMl l lXttft'('lr'd~.s , .. ... !l 'JiJOf. llf'4JJlJT.fl ,,, ,,, ,,, 7 

SreJruptir.'8 ... _ .. ..... ... 10 Lep ldop•ers NorluxirMJ .... ...... ........ 5 
T.;impar.tn ......... ..... ... 7 H-,YpnuJD ...... _ ...... ... . .. 4 CT!hodridiinil.(I ...... . ., .. l Oigoch;lllt.1 " ' ... . .... ' 1 
Z1Jr'ar1<tob111s ..... .... .. 5 P~roc-llftJs ....... ........... S Hirudiflea .......... .. ........ 3 

ZorOl'floripcvla ......... .. 10 Mecopler~ Paradixa ·-··· ·- ··· ·-.... .... 4 Pl;:rtyhdmnlhc!i ... ...... :) 
~/;vMQci'lam:r.;i .. . ..... .. 7 P41r,-iJJrongpJJHa .,,, ... (; ~ ... ... ........... 3 

Hemlptera P8tJd8/Jirl1~(9 .•....•. .. 6 Nenl.al.01ixsi:f1a ····-····- 3 
DT.-iproprx:..oris ... ...... .. 5 Pcn·rnootcs .. . ..... .. .. .... 7 Ncmm1r.;w .... .... .. ,. ... , .. 3 

ftflcroi-·9J.18' .... .... . , ... ~ Pl::«'fXlrri~ ... ....... . 6 CNdalla 
SJgzN.!! ...... _ .............. .. 5 Po(~{ll .• ··· · ·-·· · ·- · · 3 HydnJ - ···· ···· - ···· ····-···· 3 

Ps.ychcdiibe . .... .. ... ... . 1 

SclcrnyZ)dae .............. J 
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Appendix 5. 

Summary of aquatic macroinvertebrates in Whareroa Stream network. 
Al-El= November 2006; A2-E2 =March 2007 
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Al A2 Bl B2 Cl C 2 Dl D 2 El E 2 

Aoteapsyche 
Austroclima 
Austrosimulium 

Austroperla 
Archicauliodes 
Deleatidium 

Chironomae 
Coloburiscus 
Elmidae 
Eriopterini 

Hexatomini 
Hirudinea 
Hydrobiosis 
Hydrophi lidae 

Helicopsyche 
Hydrobiosella 

Isopodae 
Nothodixa 

Neppia 
Olinga 
Oligochaete 
Paratya 
Paracalliope 
Potamopyrgus 

Physa 
Pycnocentrodes 
Pycnocentria 
Psilochorema 

Sigara 
Tanypodia 
Xanthocnernis 
Zelandoperla 

Zephlebia 

0 
0 

8 
0 
0 
0 

l 
0 

0 

0 

0 

0 

0 

2 
0 

0 

2 
4 
2 

0 

139 

l 
2 
0 

0 

0 

3 
4 
0 
0 

0 
0 

0 
0 

0 

0 

0 
0 

0 

0 
0 
0 
6 

6 
0 

0 

10 
0 

0 

0 

2 

0 
419 
76 

0 
0 

0 

20 

0 
0 

0 

43 

1 
0 

14 

8 
0 

0 

0 

0 
0 

0 
0 

0 
1 
0 
0 
0 

0 
100 
10 
0 

20 
0 
5 

7 
0 
3 
0 

0 

0 
0 

35 
0 
0 

111 

0 
0 

30 
0 
0 

0 

2 

0 

0 
0 

0 

5 
0 

l 
9 
0 
10 

108 

0 

2 
249 

0 

0 
l 
0 

0 

0 

3 
0 0 

160 36 

0 0 
0 

104 94 

126 3 

0 0 

4 l 
0 0 
0 0 
4 9 
2 0 
0 0 
0 0 
0 0 
2 9 
l 0 

4 0 

0 0 
3 98 

244 382 

0 0 
0 0 
0 0 
7 3 

8 0 
l 0 
0 0 
0 0 
15 0 

2 42 2 
0 0 0 

4 27 5 
0 0 0 
2 0 2 

340 524 276 

69 0 2 
0 0 
0 14 0 
0 l 0 
0 0 0 
0 0 0 
12 4 11 
0 0 0 
0 4 0 
0 19 0 

0 0 0 
0 6 0 

0 0 
8 20 14 

0 2 3 
0 0 0 
2 l 0 

56 186 13 

0 0 0 
2 4 25 
0 5 0 
0 l 0 
39 0 15 
0 0 2 
0 0 0 
0 l 0 
2 0 1 

8 
0 

20 

0 
0 

56 
22 

0 
3 
4 

0 
0 
3 
0 

0 
3 

0 

0 
5 
10 

0 

0 
12 

0 

l 
0 
5 

0 

0 
0 
0 
0 



Appendix 5 142 

Summary of aquatic macroinvertebrate distribution 

Nov 2006 Mar-07 EPT MCI 

Aoteapsyche 6 53 T 4 
Austroclima 0 E 9 
Austrosimulium 220 118 Diptera 3 
Austroperla 0 p 9 
Archicauliodes 5 0 Megalopt 7 
Deleatidium 734 785 E 8 
Chironomae 206 25 Diptera 1 
Coloburiscus 0 E 9 
Elmidae 48 Diptera 6 
Eriopterini 4 6 Diptera 9 
Hexatomini 0 Diptera 5 
Hirudinea 1 0 Leech 3 
Hydrobiosis 29 24 T 5 
Hydrophilidae 3 6 Coleopt 5 
Helicopsyche 0 4 T 10 
Hydrobiosella 0 22 T 9 
Isopodae 2 11 Crustacea 5 
Nothodixa 3 20 Diptera 5 
Neppia Flatworm 3 
Olinga 25 27 T 9 
Oligochaete 11 23 Worms 1 
Paratya 2 0 Crustacea 5 
Paracalliope 105 528 Crustacea 5 
Potamopyrgus 462 854 Mollusca 4 
Phys a Mollusca 3 
Pycnocentrodes 49 7 T 5 
Pycnocentria 0 254 T 7 
Psilochorema 12 9 T 8 
Sigara 69 Hemiptera 5 
Tanypodia 6 21 Diptera 5 
Xanthocnemis 7 0 Odonata 5 
Zelandoperla 0 1 p 10 
Zephlebia 18 0 E 7 
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Table 1.2 

Factor 

Climate 

Topography 

Geology 

Land-Cover 

Network
P06ilion 

Valley
Lando m 

Levels of the REC hierarchy that daac.r1be particular physical 
pn>cM&es at1d characteristics in riv&!"$ 

ProcesMS b&ing described by lhls 
class.I cation l·evel 

Clima e infl encas p ecipita1i 
m ch r an area receives). the 
amo nt of evapotransp.-ation occurring 
in the catchmen1, and the air 
temperat re and the ount of 
s nshine he rh·er race h 
together in uence heating 
of water. 

Ca1chmen1 1opography strongly 
in oonces how precipi :a1ioo 15 s1ored 
(due to snow pacl and lakes) and 
released from a catc:hnent as "" I as 
eroston and transport of sec1· ent. 
Topography also infl ences small
scale climate variation •Hi a 
ca1chme t 

Ca1chme rt geology influences rates of 
eroston and chemical weathering of 
underlying rocks includ nutrient 
release. Ca1chnent geology 
in uences aspects of hydrology, 
in ing groundwater s1orage and 
release (1.e. base w conditions) 

Ca1chme land cover fluences 
s rficia erosion of soil, supply of soil 
deri ... ed water oo mn oonsb1Uents 
during rainfall and surface runoff 
ind ing trients and sedime ~ 

Attenuation of many fl xes (e.g. flO'.a.'. 
sedimen1) by catchment storage 

Loca h)llira lie processes of erosion 
and d epoSl!ion. 

Pnyslcal characteristics that are 
discriminated at this level 

Seasonality of flow and he mal 
regime. High and low flow 
freq encies. Very broad 
discri nation of water chemistry 
(quality}. 

F rther (more specific} 
discri~oo of the seasona ity of 
the flow and thennal regimes, 
freq ency of flows. General 
discri1Tina1ioo of sed en transport 
regimes. 

The Geology level discrimina.1es: low 
flow magnitude, sed1rr1ent supply, 
wa.1er chemis1ry (e.g. inorganic 
nutnent status, pH and disso ed 
and suspended inorganic matte ) 
and channel sut<stra e. 

The land co>t'e level rlher 
discri1Tinates the frequency and 
duraoon of low flow and water 
chemis.1ry ind ding 1otal nutrien s 
and organic ma1ter. 

Fl x of sed1ment, wa er, and hydro
chemicals. Oislnbutioo of flow rates. 
Aoo:1 intensity. 

Valle)'-Landfann uences channel 
shape and th s. hydraulic conditions 
(wa er velocity and depth), bank-full 
discharge. habitat volume, k>cal 
flood powe . sediment size range, 
and ~ conditions. The exact 
characte ,·sties are. in par!, 
det8mined by the higher order 
factors. 

from New Zealand River Environment Classification User Guide. (2004) P 16. 
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Appendix 7. Worksheet for RMC assessment. 

Slte I Date I I Longth Inspected (m) I 
Widths (ml water channel I I bankfull I I valley 

bottom 

Averaga bank left right % rltflelrunlpool 
height Cm 
Channel 

chan.netls.ed l ~rnlght I me<lndOMg !!lnl.IO'l.li 
Vall~y I v I u I plain 

shape fonn 
Stream bed d ay I mucJ silt sand qravel 1 cobblo I bedrock 

Stream shade rcrtio (bank+vegfwldth) 

Macrophytes I% cover Typo• 

Perlphyton I none ~lippery ob\•lous abundant I excessi~·e (FA>80 %) 

Woody debrts 
1 absent sparse common I abundant 

Streamba11k %&table I % undert:ut I %slumping I I ~'. earthftow I 
stabllUy 
Stablllsed by grasses shrubs tro~ bedrock I rip rap 

Riparian vegetation I roc:k cover 
bare soil annuals I grass toeloe j flax 

fems I •r~eferns lmv s hrubs high shrubs 
native I coniferous. I decidUOU$ 
trees 

Dominant riparian plant speclas 

Stock access to the stream I Lon Yes No l Right I Y(tS No 

Stock damage none mi Mr I moderate extensive 
~ 

Local slope I I Land slope 1 -=2., 2-5'' 15-10'" I 10- 15° I 15- 25° draln;,ge lenQth (m) clan 
Rlparlan wetlands (on terraces above channol) I Ye5- I tfo 

Riparian land Right 
con:senration I filter slrlp woodlot I es.planade reserve 

use boink 

dairy I catue I sheep deer I crop 1 l"Kl rt.iCu ltur e I stopbank I whi1ebaiting 

wa1erfow1 shoolirlg 
engineered floodway 0U1er: 

Left 
conservation filter strip WQOdlot esplanade reserve dairy bank 

cat1Je 
sheep I deer horticullure I stopban~ whi1ebai1ing crop 

waterfowl shooting 
er'191neered floodway olher: 

GenoraJ land I native I plan1ation I sheep I 
deer I dairy I horticulture I peri-

use forest forest beef urban 
Riparian Function Rmlnas: currant I potential; O !: absent, 5 = vorv hlahly actlvol 
Bank stablllzatlon I Overland fllter flow I Plant nutrlont uptake I 

D&nltrfficatl on 
J Snado I Wood Input I 

-
Leaf litter input 

I Fish cover I Recreation I 

Downstream flood control 
I Aesthetics I 
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Appendix 8. 

RMC Scoring for south branch of Whareroa Streams 

SITE A B c D E 
DATE 2711107 2711106 2/12/06 2/ 12/06 2/12/06 
Spatial Scale & Physical attribute 

A. Catchment 

Source of flow l =Lowland 
index (SOF) 2 = Hill 2 2 2 

3 = Mountain 

Average elevation 
of catchment (m) 110 166.17 176.7 265.9 248.45 

Dominant l = Soft sedimentary 
catchment baserock 2 = Alluvium & sand 
geology index 3 =Miscellany 

I, 2 5 5 5 5 4 =Volcanic base 
5 = Hard sedimentary 

Catchment spatial 
average slope 12.98 16.46 20.34 20.44 2 l.1 5 

Catchment area 
(km2) 15.6105 6.9075 1.25 1 1.0134 1.2672 

Catchment land I = Bare 
cover index 2 = Urban 

3 =Pasture 55% 69% 81% 
4 = Tussock pastoral; 

100% 
pastoral; pastoral; 

92% pastoral 

5 = Exotic forest 45% scrub 
pastoral 

19% scrub 12% scrub 
5% scrub 

6 = Scrub 
7 = Indigenous forest 

Valley segment 

Riparian land use Cattle, Conservation, 
Crop. Dairy, Forestry, 
Horticulture, Sheep, 
Urban 

parkland cattle cattle cattle cattle 

Channel shape I = channelised 
category 2 =straight 

3 = meandering 2 3 3 3 
4 =sinuous 

Valley bottom I= <20m 
width category 2 =20-50m 

3 = 50-200m 
6 6 2 3 3 4 = 200-1000 

5 = > lOOOm 
6 ="plains" 
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REC channel slope lntemode difference in 
(cm2/m) elevation/reach length 

REC segment mean July min (0 C) Min 7.7° Min 7.9° Min 7.1 ° Min 6.8° Min 7.2° 
air temperature January max(0C) Max 18.7° Max 20.3° Max 17.7° Max 17.6° Max 18. 1° 

REC segment Predicted mean local 
annual rainfall rainfall 400-1200mm 
(mm) 

REC average land Derived form REC 
s lope of segment's digital elevation model 
local catchment for the land draining 

directly to the local LG <0.02° LG <0.02° HG >0.04° HG >0.04° HG >0.04° 

stream segment 

Mean annual low 
flow (Lis) 156.65 71.77 13.35 10.88 13.61 

REC reach Above sea level 
elevation (m) 16 19 165 154 61 

Domain land 1 = very poor 
drainage class 2 = poor 

3 = impeded 2 2 3 3 4 
4 = moderate 
5 =good 

Domain acid 1 =very low 
soluble P class 2 = low 

3 =moderate 1.51 1.46 1.02 1.31 1.13 
4 = high 
5 =very high 

Domain soil age I =recent 
class 2 =older 
Domain I =low 
exchangeable 2 = moderate 

1.48 1.34 1.03 1.32 1.13 Calcium class 3 = high 
4 =very high 

Domain induration I = nonindurated 
(hardening) 2 = very weakly 

3 = weakly 
2.55 2.96 3.9 3.03 3.6 4 =strongly 

5 = very strongly 
indurated 

Reach 

Distance from sea 
(m) 1.13 3.06 5.7 6.18 6.08 

Water width (m) Estimate average of 
stream at low flow 5.43 3.82 2.68 

Non-vegetated Estimate of channel 
width (m) width lacking 5.43 4.32 0.3 1.57 0.6 

terrestrial vegetation 

Bankful width (m) Total width at bankful 
discharge 9.55 6.06 2.09 1.5 3.28 



Appendix 8 147 

Floodplain width 
(m) 4. 13 2.55 0.73 4.23 1.86 

Wet/dry index 
0 = dry channel 
1 = water present in 
channel 

Channel slope index I = <0.2°; 
(0) 2 = 0.2°-0.5° 

3 = 0.5°-1.0° 
4 = 1.0°-2.0° 3 3 6 6 6 

5 = 2.0°-4.0° 
6 = >4° 

Local land slope 1 = <2° 
index 2 = 2.0°-5 .0° 

3 = 5.0°-15.0° 
4 = 15°-25° 3 (6.47°) 3 (3.04°) 3 (15.25°) 3 (24.54°) 3 (20.1 1°) 

5 = 25°-35° 
6 = >35° 

Local land slope 1 = plains & < lOm 
length index 2 = I0-50m 

3 = >50-200m 2 2 2 
4 =>500m 

Substrate bedrock, boulder, 
composition cobble, gravel, sand, silt, bedrock cobble cobble cobble cobble 

si lt, clay 

Vegetation height Average vegetation 
(m) height within 1 Om 0.5 5 5 10 

Shade ratio Bank + vegetation 
height/ channel width 1.515.4 =0.03 2.0/3.9 =0.51 1.0/ 1.4 =0.7 1 5.0/ 1.5=3.3 6.5/3.1 =2.09 

Bank height (m) Estimate an average 
1.5 1.5 5.5 bank height 

Periphyton 0 = none 
categories I = slippery 

2 =obvious 
3 = abundant 4 0 3 

4 = excessive 
(>80%FGA) 

Macrophyte species Species present, % 
& % cover total bed covers. water celery water celery 

water cress water cress 
Bryophyte cover noted 20%; water 10%; water 

70% 5% 
0 

separately cress 20% cress 10% 

Woody debris index 0 =absent 

1 =sparse 0 
2= common 
3 = abundant 

Stock access index 0 = no access 
1 = one bank 
2 = access to both 0 0 2 2 0 

banks 
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Stock bank damage 0 = none 
index 1 = minor 0 0 3 0 

2 = moderate 
3 = extensive 

Stream bank Assessment of the % 
stability bank stable undercut or Stable 100%; stable 100%; Stable 10% stable I 00% stable l 00%; 

s lumped slumping undercut slumping undercut undercut 
10% 10% 90% 10% 30% 

Riparian veg. & List of dominant 
bank cover riparian vegetation 

Dominant riparian 0 = bare ground 
vegetation index I = grass 

2 = wetland 
3 = low shrub 
4 = high shrub 

4,3 5 = deciduous 1,3 3,1 9 

6 = willows 
7 = coniferous 
8 = eucalyptus 
9 = native 

Riparian wetland 0 = absent 
index 1 = present 0 0 0 0 0 

Stock fencing index 0 = none 
I = one side 

fenced 2 2 0 0 2 

2 = both sides 
fenced 

Stock damage 0 = none 
classes I = minor 0 0 3 0 

2 = moderate 
3 = extensive 

Riparian fencing %of each bank fenced R&L 100% R&L 100% 
and bank to fence R IOOm, R30m, 0 0 

R&L 100% 

distance L30m L400m 
L40m, R I Om 

Fencing type index 0 = none 
I = electric I wire 
2 = electric 2 wires 
3 = post & batten, or 3 3 0 0 3 

5-7 wi res electric, or 
deer fence 
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Appendix 9 

KEY NATIVE ECOSYSTEMS t:i4! 
Description and Scoring Form 0 ,......, 

Ou NG 

DoC ID no. (if known) 

Site name 

Ecological region 

NZMS 260 Map no. 

Grid Reference 

Area (ha) 

Alt itude range 

Date 

Time (24 hr ) start/stop 

Authorised person 

Protect/ Type (Auth/body) 

Protection Status 

(1) DoC Plant Score 

(2) DoC Animal Score 

(3) DoC Vulnerability Score 

(4) DoC Primary Score 

(5) Local Sign ificance Score 

(6) Regional Priority S 

caring about you & your environment 

702 General Description 

Whareroa Farm A patch of bush on that is fenced off and not grazed . 
Manawatu 
R26 

767-233 
3.6 

40-100 
2-Feb 1999 Significant Values (Vegetative association) 

11-12pm Tawa and kohekohe forest on hill country. 
Mark & Glen 
Landcorp 
Covenant 

20 Other Relevant Factors 

3.0 Fenced and has a covenant on this patch of bush. 
1.5 
4.5 (3) X highest of (1)or(2) 

0.0 
core 4.5 (4) + (5) 

Plant Species known t o be present 

Emergent Canopy trees 

Canopy trees Titoki , Kohekohe, Tawa , Nqaio, Pukatea, Rewarewa, Miro 

Middle Storey Mahoe, Lancewood , Totara, Pohutukawa 

Lower Storey & shrubs Muehlenbeckia australis, Cop lucida, Bracken, Rata, Hanging spleenwort , Kawakawa, 

Kaikomako, Leather leaf fern , Frgrant fern , Hangehange, Kiekie , Pigeonwood , Cop spp, 
Native iasmine, Cop grand, Shining spleenwort, Common shield fern , Supplejack, 

Hounds tongue fern , Sickle spleenwort, Button fern , Totara , Hen and chicken fern, 
Red matipo, Broadleaf, Tree astelia, Adiantum raddianum, Hook grass, Wharangi , 

Rangiora, Kiekie 

Other Sycamore, Macrocarpus 

Animal Species known to be present Threatened Species for Wellington Conservancy 
(include birds, reotiles, mammals, invertebrates, fish, oests) 

Fantail , Blackbird, Magpie, Cicada, Dragonfly, Category A 

Wood pigeon Category B Woodpigeon 

Category C 

Priority Species 

I 
National!~ Threatened Seecies 

I 
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KEY NATIVE ECOSYSTEMS 

Description and Scoring Form 

Doc ID no. (if known) 

Site name 

Ecological region 

NZMS 260 Map no. 
Grid Reference 

Area (ha) 

Altitude range 

Date 

Time (24 hr ) starVstop 

Authorised person 
ProtecU Type (Auth/body) 

Protection Status 

( 1) DoC Plant Score 
(2) DoC Animal Score 

703 
Whareroa Farm 

Manawatu 

R26 
772-238 

3.8 

20-100 

2-Feb 1999 

11.40-1 om 
Mark & Glen 
Landcorp 

Covenant 

2.0 

3.0 
(3) DoC Vulnerabil ity Seo 

( 4) DoC Primary Score 
re 1.5 

ore (5) Local Significance Sc 

(6) Regional Priority Score 

4.5 

1.0 

5.5 

Plant Species know n to be present 

Emergent Canopy trees 

(3) X highest of (1 )or(2) 

(4) + (5) 

150 

t:J\·~ 
(' ," 

OUN(, 
caring about you & your environment 

General Description 

A patch of bush with a public walkway in it, which is 

on the edge of SH1 . 

Significant Values (Vegetative association) 

Tawa and kohekohe hill country. 

Other Relevant Factors 

Partially fenced . Not stock proof. 

Canopy trees Rewarewa, Tawa, Kohekohe, Karaka, Nikau , Totoki 

Middle Storey Kaikomako , Lancewood, Mamaku, Pukatea, Kahikatea 

Lower Storey & shrubs Kiekie , Muehlenbeckia spp , Rata vines, Kawakawa, Piqeonwood, Cop spp, Native 
1iasmine, Common sheild fern , Astelia , Coastal tree daisy, Mahoe, Hanqehanqe, Tutu , 
Adiantum raddianum, Hanging spleenwort, Hookgrass, Button fern, Ngaio, Hanging 

spleenwort, Wheki , SuDaleiack, Lancewood , Titoki , Leather leaf fern 

Other Gorse 

Animal Species known to be present Threatened Species for Wellington Conservancy 
(include birds, reptiles, mammals, invertebrates, fish, oests\ 
Pukeko, Eastern rosella , Fantail , Rabbit, Category A 

Woodpigeon, Cicada, Goldern finch Category B Woodpiqeon 

Category C 

Priority Species 

I 
National!~ Threatened Species 

I 
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KEY NATIVE ECOSYSTEMS 

Description and Scoring Form 

DoC ID no. (if known) 

Site name 

Ecological region 

NZMS 260 Map no. 

Grid Reference 

Area (ha) 

Altitude range 

Date 

Time (24 hr) start/stop 

Authorised person 

Protect/ Type (Auth/body) 

Protection Status 

(1) DoC Plant Score 

704 

Whareroa Farm 

Manawatu 

R26 

773-234 

1.7 

60-80 

2-Feb 1999 

10.45-11.30am 

Mark & Glen 

Land corp 

Covenant 

20 

2 .0 (2) DoC Animal Score 

(3) DoC Vulnerability Seo 

( 4) DoC Primary Score 

re 1.5 

(5) Local Significance Seo 

(6) Regional Priority 

re 

Score 

3 .0 

1.0 

4.0 

Plant Species know n to be present 

Emergent Canopy trees 

(3) X highest of (1)or(2) 

(4) + (5) 

t~i;·! 
(' ,......, 

OUN(, 
caring about you & your environment 

General Description 

A patch of bush at the bottom of a hill face . 

Significant Values (Vegetative association) 

Kohekohe and tawa forest on colluvium . 

Other Relevant Factors 

Not fenced . Stock have access. 

Canopy trees Tawa, Kohekohe, Nikau , Karaka , Rewarewa 

Middle Storey Wharanqi , Pukatea 

151 

Lower Storey & shrubs Broadleaf, Cop soo, Northern rata , Mahoe, Poroporo, Kaikomako, Common shield fern , 
Leather leaf fern , Adiantum raddianum, Astelia , Kawakawa, Lancewood, Fragrant fern , 

Hanqehanqe, Sickle spleenwort, Tauhinu, Hanqinq spleenwort, Palm fern, Wheki, Red 

matipo, Bracken , Button fern, Piqeonwood, Suppleiack, Kiekie 

Other Gorse, lnkweed 

Animal Species known to be present Threatened Species for Wellington Conservancy 
(include birds, reptiles, mammals, invertebrates, fish , pests) 

,_H_a_w_k_, _M_a~g~p_i_e_, _F_a_n_ta_i_l ,_H_a_r_e_, _P_o_s_s_u_m_,_E_a_st_e_r_n __ __, category A 

rosella, Wasp nest Category e 

Category C 

Priority Species 

Nationally Threatened Species 
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KEY NATIVE ECOSYSTEMS 

Description and Scoring Form 

DoC ID no. (if known) 

Site name 

Ecological region 

NZMS 260 Map no. 

Grid Reference 

Area (ha) 

Altitude range 

Date 

705 

Whareroa Farm 

Manawatu 

R26 

775-232 

1.5 

80-140 

2-Feb 1999 

152 

!:~·! 
0 ," 

OUN c, 

caring about you & your environment 

General Description 

A patch of forest on a hill side facing north . 

Significant Values (Vegetative association) 

Time (24 hr) starVstop 

Authorised person 

Protect/ Type (Auth/body) 

10-11am Kohekohe forest with the occasional podocarp on hill 

Protection Status 

(1) Doc Plant Score 

(2) DoC Animal Score 

Mark & Glen 

Land corp 

Covenant 

. 2.0 

3.0 

(3) DoC Vulnerability Seo 

(4) DoC Primary Score 

re 1.5 

(5) Local Significance Seo 

(6) Regional Priority 

re 

Score 

4.5 

0.0 

4.5 

Plant Species know n to be present 

Emergent Canopy trees Totara 

country. 

Other Relevant Factors 

Not fenced and stock have access. 

(3) X highest of (1 )or(2) 

(4) + (5) 

Canopy trees Tawa, Nikau , Kohekohe, Miro, Karaka, Kahikatea, Matai , Rimu 

Middle Storey Piqeonwood , Pukatea, Titoki, Red matipo 

Lower Storey & shrubs White rata , Kaikomako, Poroporo, Leather leaf fern, Hanqinq spleenwort, Nqaio, 

Lancewood, Mahoe, Native jasmine, Tauhinu, Cop soo, Mamaku, Manuka, Kiekie, 

Putaputaweta, Kawakawa , Suooleiack, Broadleaf, Hen and chicken fern 

Other lnkweed 

Animal Species known to be present Threatened Species for Wellington Conservancy 
(include birds, reptiles, mammals, invertebrates, fish, pests) 
Woddpigeon, Spur winged plover, Magpie, Category A 

Fantail, Possum, Eastern rosella , Blackbird Category B Woodpiqeon 

Category C 

Priority Species 

I 
Nationall;t Threatened Seecies 

I 
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Appendix 10. Shape of valleys reviewed for riparian characteristics. 

Site A. R 

Channelised. 
Nutrient levels high 

lm 4.3m 

Riparian management plan in place. 
Fencing >60m both sides 

Site B. L 

Exotic trees 
l.5m 

Exotic trees established on left bank 
Scrub on right bank 
Abundant water celery and cress 

Grasses, toetoe, flax 

R 

Scrub 

Potential for tree planting on R bank and streamside grasses L bank. 

Site C. L grasses 

gorse 
variegated thistle 

gorse 
thistle gorse 
grasses grasses and weeds 

Ecological 'disaster'. 
Abundant watercress; Major cattle damage to banks 

No fencing 
No effective regeneration. Priority potential for riparian planting. 
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Site D. L 

grasses 

20m 

clay bank 
15m 

weeds 1.5m 

Fencing 20m above right bank. 
Overland filter flow effective through gorse and grasses on left bank 
Some watercress 
Potential for streamside grasses, and long term shade trees on banks 
Requires fencing at top of left bank 
Bush remnant on hillside above left bank. 

Site E. 
L 

Native trees 

20m 
Clay bank 

Weeds appearing at margins 
Fencing 30m right bank, >60m left bank 
Farmland above and below site 

R 

Native trees 

3m 

Bush includes kohekohe, titoki, matai, kawakawa, mahoe 

154 
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Appendix 11. Inventory of weeds found in riparian zones up to lOm 
wide at Study sites 

Botanic name Common name Native/ Sites 
Exotic found 

Achillea millefolium Yarrow E A 
Anthemus cotula Stinking mayweed E c 
Apium prostatum Water celery N AB 
Castylezia sepium Convulvus E B 
Chenopodium album Fa then E AD 
Cirsium vulzare Scotch thistle E ABCD 
Cirsium arvense California thistle E D 
Conium maculatum Hemlock E D 
Crepiscapillaris Hawks beard E AC 
Daucus carota Wild carrot E B 
DiJ?italis purpurea Foxglove E CD 
Lotus pedunculatus Lotus E ACD 
Myositis sylvaticus Forget-me-not E c 
Phytolacca octandra lnkweeed E AD 
Plantazo maior Plantain E AB 
Polyzonum persicaria Willow weed E AD 
Polyzonum hydropiper Water pepper E D 
Prunella vulzaris Selfheal E AC 
Ranunculaus parvifl,orus Buttercup E ACD 
Rorippa nasturtium-aquaticum Water cress E ABCD 
Rumex crispus Dock E AB 
Rumex acetosalla Sheeps sorrel E ACD 
Salvia spp Salvia E B 
Senecio iacobea Ragwort E AD 
Senecio zlomeratus Fireweed E B 
Solanum nizrum Black nightshade E B 
Sonchus asper Prickly sow thistle E A 
Sybilum marianum Variegated thistle E ACD 
Taraxacum officinales Dandelion E CD 
Trifolium repens White clover E ABCD 
Trifolium arvense Haresfoot trefoil E D 
Ulex europaeus Gorse E BCD 
Verbascum thapsus Aarons rod E c 
Zantedeschia aethiopica Arum lily E BE 
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Appendix 12. Whareroa Farm - Sheep and Beef Unit, Paekakariki, 
Kapiti District 

MAP: NZMS 260 Sheet R26 Paraparaumu. 
ECOLOGICAL DISTRICT: Tararua 38.01. 
GEOLOGY: Triassic-Jurassic greywacke and argillite. Possible minor spilitic tuff 
and lava, chert and limestone. (NZ Geological Survey - North Island. 1: 1,000,000. 
DSIR 1972) 
AREA: 447.5 ha. 

RAINFALL: 500-1500 mm. 

TENURE: Purchased by the Crown from Landcorp in 2005. 

MANAGEMENT: under discussion. 
WHAREROA COVENANT - Conservation Unit Number: R26040. 21 .2070 ha. 
Seven remnants of secondary forest on the farm. Administered by Waikanae Area 
Office, Department of Conservation. 
LEGAL STATUS: Conservation Covenant, Reserves Act 1977. 
HISTORY: The name of the farm comes from Whareroa Pa, which was occupied by 
Ngati Maru people who lived on the coast west of the farm during the 191

h century. 
Under the Department of Lands and Survey, and later, Landcorp, Whareroa Farm was 
run as two units: a sheep and beef unit, the site of our field trip, east of SH 1 and 
NIMT railway, and a dairy unit west of SHl /NIMT. (Whareroa Farm - sheep and 
beef unit. Pamphlet, Department of Lands and Survey, December 1983). 

Lists compiled by Glen Falconer and Mark McAlpine on 2/2/99 during a ????-hour 
survey. Additions made by Wellington Botanical Society/Whareroa Guardians 
Community Trust on 3 November 2007 during a 6-hour visit. White maire added by 
Ann Evans November 2007. 

In Maaori names, double vowels are used in lieu of macrons. 

LIST 1: SOME INDIGENOUS VASCULAR PLANTS 

* = not native to Tararua Ecological District 
< = not seen on 3/11/07 field trip 
(unc) =uncommon- one example seen 
(P) = planted 

BOTANICAL NAME 

GYMNOSPERM TREES 
Dacrycarpus dacrydioides 
Dacrydium cupressinum 
Podocarpus totara 
Prumnopitys taxifolia 
< Prumnopitys ferruginea 

MAAORINAME 

kahikatea 
nmu 
tootara 
mataii 
muo 

COMMONNAME 

kahikatea 
nmu 
totara 
matai 
m1ro 
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MONOCOT TREES 
Cordyline australis tii koouka cabbage tree 
Rhopalostylis sapida niikau nikau 

DICOT TREES AND SHRUBS 
Alectryon excelsus tiitoki titoki 
Aristotelia serrata makomako wineberry 
Beilschmiedia tawa tawa tawa 
Brachyglottis repanda rang1ora rang10ra 
Carpodetus serratus putaputaweetaa putaputaweta 
Coprosma grandifolia kaanono kanono 
< Coprosma lucida karamu karamu 
Coprosma repens taupata tau pa ta 
Coprosma rhamnoides 
Coprosma robusta karamu karamu 
Corynocarpus laevigatus karaka karaka. 
Dysoxylum spectabile kohekohe kohekohe 
Elaeocarpus dentatus hiinau hinau 
Fuchsia excorticata (unc) kootukutuku tree fuchsia 
Geniostoma ligustrifolium 

var. ligustrifolium hangehange hangehange 
Griselinia littoralis papaauma broadleaf 
Griselinia lucida puka broadleaf 
Hedycarya arborea porokaiwhiri pigeon wood 
Knightia excelsa rewarewa rewarewa 
Kunzea ericoides kaanuka kanuka 
Laurelia novae-zelandiae pukatea pukatea 
Macropiper excelsum kawakawa kawakawa 
Melicope temata wharangi wharangi 
Melicytus ramiflorus maahoe mahoe 
* Metrosideros excelsa poohutukawa pohutukawa 
Myoporum laetum nga10 nga10 
Myrsine australis maapou mapou 
Ozothamnus leptophyllus tauhinu tauhinu 
Pennantia corymbosa kaikoomako kaikomako 
* Pittosporum crassifolium 
Plagianthus regius (P) maanatu lowland ribbonwood 
Pseudopanax arboreus (unc) whauwhaupaku five-finger 
Pseudopanax crassifolius horoeka lancewood 
* Pseudopanax hybrids & cultivars 
Schefflera digitata pa tee seven-finger 
Solanum sp. poroporo poroporo 
Streblus banksii ewekuri large-leaved 
milk.tree 
Veronica stricta (sect. Hebe) 

var. macroura 
Weinmannia racemosa kaamahi kamahi 
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MONOCOT LIANES 
Freycinetia banksii kiekie kiekie 
Ripogonum scandens kareao supplejack 

DICOT LIANES 
Clematis paniculata 
Metrosideros diffusa raataa white rata 
Metrosideros fulgens akakura scarlet rata 
Metrosideros perforata akatea clinging rata 
Muehlenbeckia australis poohuehue pohuehue 
Muehlenbeckia complexa poohuehue pohuehue 
Parsonsia heterophylla kaihua NZ jasmine 
Passiflora tetrandra koohia NZ passion flower 

FERNS 
Adiantum cunninghamii huruhuru tapairu common maidenhair 
Arthropteris tenella jointed fem 
Asplenium bulbiferum manamana hen and chickens 
Asplenium flaccidum makawe o Raukatauri hanging spleenwort 
Asplenium gracillimum 
Asplenium hookerianum Hooker's spleenwort 
Asplenium oblongifolium huruhuruwhenua shining spleenwort 
Asplenium polyodon petako sickle spleenwort 
Azolla rubra re to re to floating fem 
Blechnum chambersii Illill lance fem 
Blechnum filiforme paanako thread fem 
Blechnum fluviatile kiwakiwa ray water fem 
Blechnum membranaceum 
Blechnum minus kiopkio swamp kiokio 
Blechnum novae-zelandiae kiokio kiokio 
Cyathea cunninghamii gully tree fem 
Cyathea dealbata ponga ponga 
Cyathea medullaris mamaku mamaku 
Cyathea smithii kaatote soft tree fem 
Dicksonia squarrosa whekii wheki 
Diplazium australe 
Hypolepis ambigua rarauhi nehenehe 
Lastreopsis glabella smooth shield fem 
Lastreopsis microsora 
Lastreopsis velutina velvet fem 
Microsorum pustulatum koowaowao hound's tongue 
Microsorum scandens mokimoki fragrant fern 
Paesia scaberula maataa ring fem 
Pellaea rotundifolia tarawera round-leaved fern 
Pneumatopteris pennigera paakau gully fem 
Polystichum neozelandicum pikopiko common shield fem 

ssp. zerophyllum 
Polystichum oculatum pikopiko a shield fem 
Pteridium esculentum raarahu bracken 
Pteris macilenta ti ti po sweet brake 
Pteris tremula turawera shaking brake 
Pyrrosia eleagnifolia ota leather-leaf fem 
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ORCHIDS 
Earina mucronata 
Pterostylis banksii 

GRASSES 
Echinopogon ovatus 
Microlaena stipoides 

SEDGES 
Carex geminata 
Carex secta 
Cyperus ustulatus 
lsolepis prolifer 
lsolepis reticularis 
Uncinia uncinata 
Uncinia "fine" 

RUSHES 
Juncus australis 
Juncus edgariae 
Juncus sarophorus 

peka a waka 
tutukiwi 

paatiitii 

rautahi 
puukio 
upoko tangata 

matau a Maaui 

WllWll 

WllWll 

WllWll 

Spring orchid 
a greenhood 

159 

hedgehog grass 
meadow rice grass 

cutty grass 

giant umbrella sedge 
three-square 

hooked sedge 
a hooked sedge 

leafless rush 
leafless rush 
leafless rush 

MONOCOT HERBS, other than orchids, grasses, sedges, rushes 
Astelia solandri koowharawhara perching astelia 
Collospermum hastatum kahakaha a collospermum 
Lemna minor kaarearea duckweed 
Phormium sp. (P) a flax 
Typha orientalis raupoo raupo 

DICOT HERBS 
Epilobium rotundifolium 
Epilobium sp. 
Gnaphalium gymnocephalum 
Hydrocotyle moschata 
Hydrocotyle novae-zelandiae 
Lobelia anceps 
Senecio minimus 
Stellaria parviflora 

punakuru 

kohukohu 

round-leaved willow herb 
a willow herb 
creeping cudweed 
hairy pennywort 
a pennywort 
shore lobelia 
a fireweed 
chickweed 
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LIST 2: SOME ADVENTIVE VASCULAR PLANTS 

GYMNOSPERM TREES 
Cupressus macrocarpa 

DICOT TREES AND SHRUBS 
Acer pseudoplatanus 
Cotoneaster sp. 
Populus sp. 
Rubus fruticosus agg. 
Salix fragilis 

LIST 3: SOME INDIGENOUS BIRDS 

Hemiphaga novaeseelandiae 
Rhipidura fuliginosa 

kereruu 
piwaiwaka 

LIST 4: SOME ADVENTIVE BIRDS 

Gymnorhina tibicen 
Turdus merula 

LISTS: OTHERINDIGENOUSFAUNA 

kihikihi 

macrocarpa 

sycamore 
rocks pray? 
a poplar 
blackberry 
crack willow 

NZ pigeon 
fantail 
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Australian magpie 
blackbird 

cicada 
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