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1. Introduction

1.1 Riparian management

Stream management and restoration efforts in Newladd often focus on
management of riparian areas and typically invaxeluding livestock and planting
with native trees and shrubs (MFE 2001). The famusiparian management is based
on the contention that these land-water interfaesasahave a disproportionately large
influence on stream habitat and water quality hadatio their catchment area, owing to
their proximity to the stream and their functionsréducing contaminant inputs from
the broader landscape (DéCamps et al. 2004; Gregaly 1991; Naiman & Decamps
1997).

Riparian zones are defined as the areas where direct interatctesween land and

water occur (e.g., in terms of shading, inundatibnormal high flows, input of wood

and litter, provision of in-stream habitat as cowee for spawning by stream biota)
(Gregory et al. 1991; Naiman & Decamps 1997)(Fiy. Riparian management
involves part or the entire riparian zone being awgu differently to the adjacent
land. This typically involves fencing to excludedstock and allow a grass filter strip
to develop and/or planting with native trees andils$ in ariparian buffer.

i

Large wood

Leaf litter

Hill slope Flood Flood Hill slope
plain Channel plain
Figure 1: Schematic of a natural riparian zone showing infbes on stream habitat. Blue

arrows indicate movement of water and black arrihwwsnput of resources.
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The Riparian Management Classification (RMC) (Qu2@®3) provides a framework
to guide catchment planning and management of tiparian margins to
rehabilitate/restore stream health and functioas$ spport ecosystem services. The
RMC application involves rapid assessments of tiveeot state of riparian zones and
their current and potential functions in a studseatn or catchment. Thestate
assessments afdnction ratings provide information that can be used torjtise and
design riparian management within streams and cents to enhance the return of
investment of time and money. The method has bpplied at scales ranging from
catchments of varying sizes (Quinn & Bird 2007; Quiet al. 2001) to the whole
Canterbury region (Quinn 2003) and has supportditbedations and decisions on
riparian management related to stream biodiversithancement and land use
rezoning (Reeves 2004).

This manual is part of a project that aims to fet® application of the RMC in
Canterbury. It aims to support on-ground intergreta of the classification and
development of a step-by-step process for ratingrifising, and monitoring riparian
management within a catchment. This manual is dednas a training and office
reference document. A briefer companion manual f@Q@009b) is intended for field
use.

This initial phase of the project involved a 2-degrkshop with staff of Environment
Canterbury in December 2008 to provide an intradadio the RMC method and gain
staff input on information needs by applying riparifunction assessment to the Cam
River catchment. Findings for the Cam are summaiiis€uinn (2009a).

1.2 Context for RMC application

RMC can inform waterway management by summarigildrow thecurrent riparian
management at stream and river sites contributesaterway health; and (ii) the
potential for improving this contribution by applying eithpragmatic steps (that the
land manager is likely to adopt and maintain witm@dest level of support from the
regional council) obest practice riparian management.

Examples ofpragmatic steps are: (i) on a dairy farm, application of the miim

practices of livestock exclusion from waterwaygtie “Dairying and Clean Streams
Accord”; (ii) on a drystock farm, establishing i@ trees in protective sleeves (to
enhance streambank stability and shade in summm) raanaging grazing to
exclude/reduce riparian assess of cattle, but met s (e.g., with a single wire electric
fence). Other compromises might allow for acces®ne side of the stream for
drainage maintenance or maintaining areas of latuid vegetation to enhance
angling opportunities along streams valued for ttréighing. Establishing which

Riparian Management Classification Reference manual 2
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pragmatic steps are taken is will likely involvaldigue with the land manager and
may be an iterative process that is revisited ghtliof predicted costs vs. instream
benefits.Best practice riparian management typically involves fencing tigarian
area and stream and establishing a buffer of apptepnative vegetation. ECan’s
(2005) guidelines for managing water ways on fapmw/ide advice on best practice
designs for the main land forms found in the Cdmter region. Comparing the
function rating gains between pragmatic and besttme riparian management will
help inform the decision making process.

Figure 2 is a schematic of how RMC can fit withnodder prioritisation and planning
of efforts to meet catchment goals for stream aiverrecosystems (e.g., by
developing and implementing catchment and farm gament plans).

Management steps
1. Identify values & goals for
catchment and river segments.

Evaluatecurrent RMC function ratings , 2. Identify how riparian functions
from field surveys. contribute to goals currently.
Evaluate RMC function ratings with , 3. Identify ho%v riparian functions
pragmatic andbest practice riparian would contribute to goals with
management from field surveys. pragmatic steps & best practice.

4. ldentify pri&rity river segments
for riparian management where
riparian functions that contribute

goals are predicted to increase
most in activity.

Other relevant information

e.g., Statutory obligations, Maori perspectives, . Dmvelop riparian management
local interest/politics, terrestrial biodiversity_  strategies recognising variations
goals, landscape ecology issues and available in priorities and riparian functions
resources. within the catchment.
Farmer/landowners goals for their properties\ l

6. Reach and farm scale riparian
Riparian microhabitat-based native species __—» nagement plans.

planting recommendations.

Figure 2: Flowchart showing how the RMC approach (stepsueptan contribute to catchment
planning.
RMC is most useful where waterway values and assmtigoals have been clearly
defined, so that riparian management targets speltitations and designs that
improve riparian functions directly linked to thegaals. For example, if a key goal is
to control nuisance phytoplankton blooms in a ddveasn lake (related to the
catchment nutrient load), then the RMC can be tsédentify sites where ratings of

Riparian Management Classification Reference manual 3
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nutrient retention functions (denitrification of alow groundwater, uptake of
nutrients from shallow groundwater and filtering safrface runoff) are currently or
potentially high. Sites with current high nutrigetention function ratings could then
be targeted foprotection, while sites where differences between currentgotdntial
ratings are high would be obvious places to fodparian enhancementso that the
potential gains are realised.

The RMC ratings from a catchment study also prouisieful summary information on
the general contribution of riparian managemergtteam condition and opportunities
for enhancement. For example, the RMC surveys tes sn the Ohariu catchment
(Quinn & Bird 2007) found that current ratings wegeeatest for bank stabilisation
and least for enhancing recreation (Fig. 3). Alan of best riparian practice would
enhance several functions, but produce little imenoent in denitrification (Fig. 3).

Curbrent RMC (mean + SE)

A. Current RMC ratings

1 T T T

i L T T
| JT
bank stab overland shade  plant nutrient downstream aesthetics  fish cover denitrification leaf litter wood input  recreation

flow filter uptake  flood control input

Potential RMC (mean + SE)

5

= 1 B. Potential RMC ratings
41— —J— —— —T— —— T T
31— L
1 T
14
0 bankstab  shade " overland ' leaflitter  aesthetics plant nutrient wood input‘ fish cover  downstream denitrification recreation
flow filter input uptake flood control
Mean potential RMC increase
3
. C. Potential RMC rating increase
25— —
S I
15— 7 1 — —
11— —
0.51—
‘ ‘ ‘ | - | | 1
wood input  |eaf litter shade aesthetics  fish cover plant nutrient bank stab  overland recreation downstream denitrification
input uptake flow filter flood control
Figure 3: Average current and potential best practice ratofgsparian functions at 13 Ohariu
Valley sites (Quinn and Bird 2007) as a way of swariging catchment-wide riparian
functions.
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The sum of the current and potential function ggirat sites in a catchment also
provides a summary of where riparian managemelitel/ to have the most overall

benefit. For example, the Ohariu study identifiete $ (representative of upper
catchment floodplains) as having the greatest piatefor enhancement by riparian
management (Fig. 4).

60
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O Riparian mgmt Increase
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Sum of riparian function ratings
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1 1B 3 4 5 6 7 8 9 10 11 12 13

Site codes

Sum of all ratings for riparian functions under remt conditions and potential

conditions if best riparian management practice aygdied at Ohariu catchment sites.
The difference between these sums of ratings (paten current) represents the
potential overall riparian management benefit. Nb& potential benefit is greatest at
site 5 and least at site 1B.

In the Cam, the differences in total RMC rating$wa®n current and best practice
conditions were less striking than in the Ohariig(BB c.f. Fig. 4), but nevertheless
indicate that applying best practice riparian mamagnt would achieve the greatest
overall gains at Site 7 (Northbrook at Marshs) (big

Riparian Management Classification Reference manual 5
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50 O Current ORiparian mgmt. increase

457 M potential
40
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Sum riparian function ratings

1 2 3 4 5 6 7 8
Site codes

Sum of all ratings for riparian functions under remt conditions and potential

conditions if best riparian management practice aggied at Cam catchment sites.
The difference between these sums of ratings (Hiaten current) represents the
potential overall riparian management benefit. Nb&e potential benefit is greatest at
site 5 and least at sites 1 and 4 (adapted fromr2009).

Monitoring riparian functions

RMC has potential for use in State of the Environt{@OE) assessment as a measure
of land use pressure management within catchmeyntsepeat riparian function
assessments over time. | recommend that this ledito the riparian monitoring
Protocol Il in the Stream Habitat Assessment PalsofHarding et al. 2009) that has
been designed specifically for SOE monitoring.

Riparian Management Classification Reference manual 6
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RMC Methodology Overview

2.1

2.2

Introduction

This manual describes two aspects of the RMC: gspssment of the state of the
riparian area and key attributes of the streamsamunding land (Section 3); and (2)
rating riparian functions under current conditicarsd future scenarios of pragmatic
management and best riparian practice (SectioMt . function rating is the most

important aspect of the RMC. The state assessmewidps the context for the

function ratings.This may be substituted by other protocolssuch as the ECan

Streamwalk methodology or Protocol 1 of the Strddabitat Assessment Protocols
(Harding et al. 2009), in which case section i thanual can be skipped.

Planning the field survey

The scope of the field survey will vary with a prdj's aims, scale and the resources
available. Each reach assessment takes approxyma@h0 minutes when the
assessor is familiar with the method. If the fomusn an individual farm, it may be
practicable to survey representative sectionslaftedams within a short period (e.g.,
%-1 day or less). In larger catchments it may beeseary to survey a selection of
reaches to determine variations in riparian statefanctions. Sites can be selected at
random (e.g., by randomly selecting reaches withim catchment from the River
Environments Classification (REC) (Snelder et &04), stratified random (e.g.,
randomly selecting REC reaches within different ggaphic settings, environment
classes (e.g., based on REC (Leathwick et al. 90€l8ases, land use classes/farm
systems and/or stream orders), or biased to easgsscpoints or parts of the
catchment where there is known interest in ripanemagement or stream restoration.
If survey reaches are selected based on streamm, didm the number of survey
reaches in each stream order should reflect stresngth (i.e., survey reaches
allocated to > 2> 3% >4" order reaches). Random site selection methods are
favoured, because they support the most robustaéeations about riparian function
ratings within the study area, but these may notplaeticable due to access or
resource constraints.

If the aim of an investigation is to monitor temalorchanges (e.g., in SOE
monitoring), fewer sites will need to be selectbdt each site will be visited on
multiple occasions, perhaps over a considerable tpariod. In this case, it is
important to ensure that sites can be found agaitgntially after substantial changes
have occurred in the surrounding landscape andsseemt personnel. Recording
accurate grid references, noting prominent strestunearby, and making site

Riparian Management Classification Reference manual 7
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diagrams will all aid in ensuring that same reashre-sampled on subsequent
occasions.

2.3 Survey reach dimensions

The length of the stream reach in each surveyaamtbe varied to match management
units (e.g., farm paddocks) or areas of relativaliform physical character. Reaches
of 50-100 m length are usually practical for insg@rg representative information on
site attributes and riparian functions on smakatns. Reach lengths should increase
with stream width up to say 300 m on wide rivetsafmel > 50 m).

2.3.1 Field equipment

The minimum equipment requirements are a digitalaza and survey sheets (ideally
printed on water-proof paper). A map of the surassa is essential. A GPS is helpful
for geo-referencing sites and a tape measure fomisurvey pole) is useful for quick
checks on distance estimates and bank heightstiaaarswidths.

Reference material for identification of macroplsyt@.g., laminated printouts of
NIWA quick guides http://www.niwa.co.nz/our-science/aquatic-biodivigrand-
biosecurity/our-services/all/aqguaticplants/outrep@nd native and exotic terrestrial
plants (e.g., (Roy et al. 2004; Salmon 1986) ase akeful to have in your vehicle.

Riparian Management Classification Reference manual 8
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Riparian State Assessment

3.1

3.2

3.3

3.4

3.5

Introduction

Figure 6 provides an example of a completed ripagtate assessment form. The
example site is the Northbrook and Marsh’s Rd (ee&r image in Figure 21c for a
site photograph). The methodology below followsdhger of the items in the riparian
state assessment form. Note that the left and sglds of the stream are defined
looking downstream (as is standard for hydrologassessments).

Calibration of visual assessments: “getting your eyin”

To enable rapid assessment, all information is egath by visual inspection and
qualitative estimation (c.f., quantitative measueath. However, surveyors should
carry out sufficient quantitative measurements.{@iging tape measures of attributes
such as channel widths and inclinometers to measilirslope angles) to provide
confidence in their estimates.

Site Location

Information is needed to be able to relocate the and link the data to a geo-
reference (map or GIS location). Assign a uniqte adbde and if possible record the
GPS coordinates at the top and bottom of the sueagh.

General land use

General land use influences the local pressurgh@mniparian area and stream. Here
we are interested in the use beyond the ripariaa. &ircle one or more of the land
use classes as appropriate.

Riparian land use

This refers to the land use immediately adjacenth® stream that comprises an

identifiable riparian zone (e.g., area with distiriparian forest or wetland vegetation)

or, if this is not identifiable, to 10-20 m frometledge of the stream channel. Use L or
R to define riparian land uses on the left andtrggthes of the stream.

Riparian Management Classification Reference manual 9
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Figure 6:

An example of a completed RMC state assessment form
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3.6 Stream and valley widths
Stream width influences the effects of riparianatagion on stream shade and input of

leaf litter and wood to the channel. Channel anteyaottom width influence how
riparian areas interact with high flows and affecal and downstream flooding.

Water width is the average wetted width of the stream at ragigies to the flow (Fig.
7). Channel width, in this context, is the width of the channel betw the
terrestrially vegetated areas on the margins (BigBankfull width is that at which
the stream would overtop its normal banks in higiv$. Valley bottom width is the
distance between the base of the hills on eithier af the stream valley (Fig. 7). If the
stream reach runs through extensive plains entein'y.

Figure 7: Examples of the different stream and valley widtmeasured in RMC state
assessment.

Riparian Management Classification Reference manual 11
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Channel plan shape

Channel plan shapecan influence how the riparian vegetation affstteam shading,

habitat and downstream flows during high flow egei@chematic drawings of the 3
main categories; straight, meandering and sinusushawn in Figure 8. As with all

classifications there are intermediate stagesaitgbest dealt with by circling the two
classes that the situation bridges. Channeliseghrsis are typically straight but
artificially deepened/widened to enhance theirrdige capacity.

Straight Meandering Sinuous

o=

Representative channel plan forms in RMC statesassent.

Valley form

Valley form influences how the riparian area reesiwverland flow from the land
and/or flood flows from the channel. ECan’s (200%arian guidelines provide
different recommendations for the three landforasseés identified as V-shaped, U-
shaped and plain, as illustrated in Figure 9 aralq@raphs in Figure 10.

Riparian Management Classification Reference manual 12
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- Plan
L

U-shaped

V-shaped

Figure 9: Schematic illustrations of valley forms in RMC stalssessment.
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Figure 10: Examples of plain, U-shaped and V-shaped valleyngorused in RMC state
assessment.

Riparian Management Classification Reference manual 14
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3.9 Stream flow permanence

Stream flow permanence influences the instream values thatriaipazone
management can affect. The categories used aremgphl (carry water in wet
weather events), intermittent (typically dry upstimmer or reduced to residual, non-
connected, pools), perennial (usually run year dpuemd wetlands (seasonally or
permanently saturated soils).

3.10 Stream shade

Stream shade is assessed over the entire chanmagjtiout the survey reachdf just
mid-channel), taking into account the effects ofatnbanks, riparian vegetation and
hillslopes, throughout the dagdt just mid-day). Shade is often patchy so the oleserv
needs to integrate these variations to assess emgevvalue for the whole reach.
Estimates are as a percentage of the “open” condjtie., full 180° as on an unshaded
hilltop or plain). An “open” stream will have liglshade (e.g., <20% of the bed) and
sunlight reaches most of the stream bed, wheréasly shaded reach will contain
riparian vegetation, topography and/or human afrest (e.g., culverts) which shade
>80% of the bed. Examples of reaches with a ramgeeasured shade levels (using
paired canopy analysers, Davies-Colley & Payne§18®8e provided in Figure 11 as a
guide to estimates.

Riparian Management Classification Reference manual 15
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.'.- A - f ' 'iﬁi.' '.._ .. 4 i = L =iy 2
Shade = 70% Shade = 68% Shade = 64%

Shade :21%

Figure 11: Reach photographs and shade levels measured wi¢l ganopy analysers.

Riparian Management Classification Reference manual 16
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3.11 Reach sketch drawing and photographs

The broad site description is completed vaketches of the stream in plan (bird’s-
eye) view,in cross-section view,and with photographs. The sketches are quick
schematics showing riparian areas in the contexh@fsurrounding landforms, land
management (e.g., location of fences, significeagd, raceways, buildings etc.) and
the stream channel, and often capture informatian ts difficult to summarise in
reach photographs. The photographs should incltteEast one representative image
looking upstream and one looking downstream, ad a®lrepresentative images
looking towards the left and right banks. A higlewtion photograph of the whole
reach is also often useful and may replace thegkatch.

3.12 Streambed substrate type

Streambed substrate has a strong influence oneamstrvalues and how water is
exchanged between the stream, groundwater andampareas. Clay/mud is very fine

and, when handled, typically holds together in gdanSilt and sand are progressively
coarser, larger particles and typically dispersenvhandled. Gravel substrate is >2
mm, cobbles are 64-256 mm and boulders are >256agmoss the stone “b” axis

(width).

3.13 Flow habitat classification

The percentages of the flow typeffles, runs and pools along a stream reach
provide information on the stream slope and thedypf habitat available for instream
biota that may interact with riparian vegetatioack flow habitat type (e.g., Fig. 12)
can generally be characterised by depth and suvkgceity: Riffle — shallow depth,
moderate to fast water velocity, with mixed cursersurface rippled (class includes
rapids (surface broken)) and chutes/falls in thiapified classification);Run —
character in between that of riffle and pool, slomoderate depth and water velocity,
uniform — slightly variable current, surface unkeoksmooth to slightly rippledRool

— deep, slow flowing with a smooth water surfacgyally where the stream widens
and/or deepens.

Riparian Management Classification Reference manual 17
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Figure 12: Example of riffle, run and pool classes in Waitae&m, Bay of Plenty.

3.14 Streambank height

Bank height influences the ability of the ripariaegetation to enhance streambank
stability, provide cover for fish, interact with gmdwater inflows and slow flood
flows. Streambank height is measured from the stbea to the top of the bank where
water can escape the channel at high flows. The Rbf@arates the low banks on the
margin of the unvegetated active channel and thle banks that control flow into the
broader valley floodplain (e.g., Fig. 13). Uppeddower banks may be differentiated
by a change in slope. Where there is no obviousigdalower bank height equals
upper bank height.
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Figure 13: Examples of lower and upper streambank heighRMIC state assessment.

3.15 Streambank stability

Streambank stability has strong influence on sedindelivery to streams and
therefore local habitat quality. Riparian managemenfluences stability by
controlling livestock access and through the effedtriparian vegetation (see section
4.3.1). The RMC state assessment includes an baessdssment of the percentages of
each streambank that are stable, undercut (notehtbge may be stable), slumping
(Fig. 14A, B) and subject to earthflow (i.e., sedithinput from a hillslope rather than
just the streambank, Fig. 14C).

The type ofbank stabilising vegetation or other featureghat contribute to stream
bank stabilisation are identified by circling thistéd features (grasses, shrubs,
sedge/rushes, trees, bedrock and riprap/artifitraictures) and ticking the dominant
feature.
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T AR X ot
Figure 14.  Stream bank examples of (A & B) slumping, (C) efothh erosion and (D) a stable
undercut.

3.16 Macrophytes

Instreammacrophytes may be affected by riparian shade and riparianaityp on
nutrient and sediment supply. Evaluate the aver#gecover of the streambed
throughout the reach and, if known, the speciesgmte For example the stream reach
on the front cover of this guide had approxima@do cover by watercress. A guide
to aquatic plant identification is available on thBIIWA website at
http://www.niwa.co.nz/our-science/aquatic-biodivigraind-biosecurity/our-
services/all/aquaticplants/outreacBpecies that are not recognised in the field can
usually be identified in the office with referenttethe web guide from a specimen
(ideally including flowers, stored on ice or driedt between sheets of absorbent
paper) and/or photographs of the plants in the fiel

3.17 Periphyton

Periphyton is also influenced by riparian shade and ripadantrols on nutrient and
sediment supply. Assess periphyton abundance eotisges adapted after Jowett and
Richardson (1990) and Biggs (2000) by viewing tineassnbed and feeling the surface
cover on stones. If applicable, pick up severaksdo distinguish between bare rocks
(none) and those with thin biofilms (slippery). @is growths are those that are
clearly visible as green or brown growths. Abundgrdwths include filamentous
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algae or periphyton mats (defined as >3mm thicklistinguish these from thinner
biofilms) (Fig. 15). Periphyton is classed as ezbas (in terms of aesthetic effects)
when >30% of the bed is covered by filamentous ¢ever >60% is covered by mats
(Biggs 2000).

Periphyton cover as filamentous green algae ardcé tliatom mat (bottom, photo
from Biggs 1990).

Wood

Wood is a key habitat element in streams and playsretyaof geomorphic and
ecological roles (Meleason et al. 2002; Meleasonalet2005) and is strongly
influenced by riparian vegetation type and age. Wabundance within the active
channel (i.e., total within and above the wetted anvegetated area of the channel) is
classed as “absent”, “sparse” (isolated piecego<c@ver of the bed), “common” (2-
10% cover) or “abundant” (>10% cover). This indadvood that is both living (Fig.

16A) and dead, small and large (Fig. 16B-D).
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Figure 16: Wood in streams examples. A, Live wood; B & C, Goamdel streams showing
common and abundant wood levels; D, Central Nbstrevith abundant wood. Photos
A & D, Rob Davies-Colley, NIWA.

3.19 Livestock access and damage

Livestock access to the stream from the left agltrbanks is inferred from fencing,

adjacent land use and obvious signs (tracks, hoafksn pugging, dung, and

vegetation grazing). Brief notes can be added énsttetch space provided on partial
access (e.g., single wire electric fencing allonshgep access but not cattle).

The level of livestock damage to streambanksis rated as “none”, “minor”,
“moderate” or “extensive”. Figures 17 and 18 previekamples of these ratings.
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23/1/2001 16:15

Figure 17: Examples of livestock stream damage to streambat&d as none and minor.
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Figure 18: Examples of livestock stream damage to streambat&d as none to extensive.
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3.20 Riparian vegetation

Riparian vegetation covertypes present within the riparian area (i.e., te2Q0m
from the streambanks, or to an obvious naturalridpazone outer edge) on the left
and right of the stream are noted by marking L @n& next to the vegetation types
present. The dominant vegetation type in the ripagrea on each side of the streams
is also recorded.

3.21 Local land slope angle and length

The local land slope from the top of the hillslogining to the riparian area is a
potential source afurface runoff and associated contaminants. The length of trk lan
sloping to the left and right of the stream edgeriithe upslope ridge is assessed to
provide information on the likely local source afpff passing through the riparian
areas.

3.22 Riparian wetlands

Riparian wetlands are important sites for intercepting sediment sardoving nitrate

in groundwater en route to the stream. Water-loggeld are moist and soft underfoot
and often have wetland plants present, such agsgeflax or raupo (Fig. 19). Note the
amount of wetland along each bank by circling ohthe abundance classes (absent,
sparse, common or abundant).
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Figure 19: Examples of riparian wetlands.
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Riparian Function Assessment

4.1

Introduction

Riparian function assessment is the key aspech@fRMC. It involves rating the
activity of twelve separate riparian functions thatluence stream habitat, water
quality, hydrology, and recreational use underdfseenarioscurrent conditions, and
after instigation opragmatic stepsor best practiceriparian management.

The twelve riparian zone functions (e.g., provisiwinshade for stream plant and
temperature control) are assessed on a 0 to Sas&bows:

0 = function absent; 1 =very low activity; 2ew-moderate activity;

3 = moderate activity; 4 = high activity; 5 = ydrigh activity.

The following sections provide key background cquseon each function and RMC
rating guides. Owing to the diversity/complexitysifuations that will be encountered
in the field, rating assessment cannot be totakggqriptive (without being very long-
winded) and some judgement calls will be requirethe field. Figure 20 provides an
example of a completed RMC function rating forngufes 21a-f provide photographs
with examples of RMC scores for current conditiatighteen reaches, covering a
variety of conditions, which can also be used tachenark function activity ratings.

After the current condition has been assessed, assessments ar¢edepmathe
riparian conditions that are expected to develop medium time frame (2 decades)
with pragmatic stepsthat the land manager is likely to adopt and na&n{with a
modest level of support from the regional council).

Finally, the functions are re-rated for conditioagpected about 20 years after
adoption ofbest practiceriparian management appropriate for the geogragdtiing.
This typically involves fencing to exclude liveskoand establishing a filter strip of
dense groundcover or woody vegetation (trees astifibs) or combinations of these
in tiers (e.g., a filter strip adjacent to the pastnext to woody vegetation adjacent to
the stream) (ECan 2005). The management practicg m@sulting riparian
infrastructure (fences) and vegetation are thesensarised by the surveyor in the
best practice sketch at the bottom of the back phdee RMC field sheet (e.g., Fig.
20).

The timeframes for various functions to be fullyadgdished vary widely from months-
years (livestock exclusion) to decades (shade alidg streams) to centuries (wood
input), as discussed below. These timescales mayinbleded in evaluations

depending on the timeframe of policy/managemergailyes.
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Riparian function assessment (score 0 = absent, 5 = very highly active)

Function Prag” steps |Best practice | Comments
. z £
Bank stabilisation L & L 9 L £
R 1 H r A =
Owerland fllow fiiering L L 3. E: Flat la AR Nl B
R R R : by HeE g
| Mutrient uptake by riparian plants L 1 L z L &
A | = ) R &
Denitrification L 1 v L o
R R i H
Shading " [
Leaf litter input - o i 2 N
l\fund input & [s |
‘Enhancing in-stream fish habitat ] L
Controlling downstream flooding [ p 3 1
Human recreation ' ] £
Agsthetics W 5 &y

Sketch stream cross-seclions & key elements of current siuation (if not already done in stale assessment), pragmatic (st
steps) and best practicable riparan management: (including whera planting zones occur, general vegelation types
{grasses/sadaes, shrubs, rees) & lence posltions).

Cusrent siluation

Pragmatic steps - Siuation 2 decades atter adoglion

"

Figure 20 Example of a completed RMC function assessment f(fon the Northbrook at

Marsh’s Rd).
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Paired upstream and downstream reach views and RMC ratings at th ree Ohariu reaches

ExStk O
BStab 1
™ Filt 1
NutUp 1
DeN 1
Shade 0
Wood O
Leaf O
. FishCov 1
DsFld 1
" Rec

Aes

1
2
ExStk O
BStab 4
Filt 4
NutUp 3
DeN 2
Shade 3
Wood O
Leaf 1
FishCov 2
DsFld 3
Rec 0
Aes 1

ExStk O
BStab 3
Filt 2
NutUp 1
DeN 1
Shade 1
Wood O
Leaf O
FishCov 1
DsFid 1
Rec 2
Aes 2

Figure 21a: Examples of river/riparian reaches and RMC ripafiarction assessments for current
conditions. ExStk = control of direct input of Isteck excreta; BStab = streambank
stability; Filt = filtering particulates from suida runoff; NutUp = Uptake of nutrients
in groundwater by plants; DeN = removal of nitrate groundwater inflows by
denitrification; Shade = shade control of instregtant growth and water
temperatures; Wood = input of wood to the streaaf ¥ input of leaf litter; FishCov
= provision of cover to fish; DsFId = downstreamoitl mitigation due to flood waters
being slowed by riparian vegetation; Rec = enhasttedecreational use/value; Aes =

enhanced site aesthetics. Scale = 0 (function ¢tted to 5 (function highly active) —
see text for details.
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Paired upstream and downstream reach views

at three Ohariu reaches and RMC ratings

ExStk O
BStab 3
Filt 2
NutUp 1
DeN 1
Shade 1
Wood O
Leaf O
FishCov 1
DsFld 1
Rec 1
Aes 1

ExStk 1
BStab 3
Filt 2
NutUp 1
DeN O
Shade 1
Wood 1
Leaf 1
FishCov 1
DsFld 1
Rec 1
Aes 2

ExStk 5
BStab 4
Filt 4
NutUp 3
DeN 1
Shade 5
Wood 3
Leaf 5
FishCov 4
DsFld 2
Rec 2
Aes 3

Figure 21b:  RMC current function rating examples continued (@h¥alley). See Fig 21a for
function abbreviation definitions.
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Current RMC ratings at three Cam catchment reaches

ExStk 2
BStab 3
Filt 2
NutUp 2
DeN 1

ExStk 5
BStab 5
Filt 1
NutUp 3
DeN 1
Shade 5
Wood 2
Leaf 4
FishCov 4
DsFld 3
Rec 1
Aes 1

ExStk 2
BStab 4
Filt 2
NutUp 2
DeN 1
Shade 3
Wood 3
Leaf 2
FishCov 2
DsFld 1
Rec 1
Aes 1

ExStk 2
BStab 4
Filt 1
NutUp 1
DeN 1
Shade 1
Wood O
Leaf O
FishCov 1
DsFld 1
Rec 1
Aes 1

Figure 21C: RMC current function rating examples continuddhe function ratings in the
upper example differ between the left and rightesjdas shownThe lower
example is the Northbrook reach used in the exaRME forms in this manual.
See Fig 21a for function abbreviation definitions.
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ExStk 1

Filt 2

FishCov 2

' DsFld 1

Wl Rec 3

Aes 2

ExStk 1
BStab 4
Filt 2
NutUp 1
DeN 1
Shade 2
Wood 1
Leaf 1
FishCov 2
DsFld 1
Rec 3
Aes 2

ExStk 5
BStab 4
Filt 5
NutUp 4
DeN 3
Shade 2
Wood 1
Leaf 1
FishCov 3
DsFld 4
Rec 4
Aes 4

Figure 21d: RMC current function rating examples continued (Gaatchment). See Fig 21a for
function abbreviation definitions.
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Current RMC ratings at three Ashley catchment reaches

ExStk 5
BStab 5
Filt 5
NutUp 5
DeN 3
Shade 1
Wood 2
Leaf 2
FishCov 1
DsFld 2
Rec 5
Aes 5

ExStk 5
BStab 3
Filt 5
NutUp 4
DeN 1
Shade 5
Wood 5
Leaf b5
FishCov 4
DsFld 4
Rec 5
Aes 5

ExStk 5
BStab 5
Filt 3
NutUp 3
DeN 2
Shade 5
Wood O
Leaf 2
FishCov 4
DsFld 3
Rec 0
Aes 1

Figure 21e: RMC current function rating examples continued (AglCatchment)See Fig 21a for
function abbreviation definitions.
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Current RMC ratings at three Waitao catchment reaches

ExStk 5
BStab 4
Filt 4
NutUp 3
DeN 2
Shade 2
Wood 2
Leaf 2
FishCov3
DsFId 2
Rec 2
Aes 1

ExStk 5
BStab 4
Filt 3
NutUp 3
DeN 1
Shade 3
Wood 2
Leaf 3
FishCov3
DsFIld 2
Rec 3
Aes 2

ExStk 5
BStab 5
Filt 3
NutUp 4
DeN 3
Shade 4
Wood 4
Leaf 4
FishCov5
DsFIid 4
Rec 5
Aes 5

Figure 21f:  RMC current function rating examples continued (a@iCatchment). See Fig 21a for
function abbreviation definitions.
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4.2 Controlling direct livestock excreta input and damaye to stream banks and bed

4.2.1 Background

Dairy cows and cattle have been reported to void4% of their dung and urine
directly to water and riparian areas when they hameestricted access to small
streams in the Waikato (Bagshaw 2002), with sigaift impacts on stream nutrient
and pathogen levels. Cow crossing points have bé&ssn identified as important
sources of faecal input, with cows much more likedydefecate when crossing a
stream than elsewhere on dairy farm raceways (Bavaley et al. 2004). Fencing to
control livestock grazing in riparian areas redu@ssion caused by livestock
trampling (e.g., streambank slumping damage unuenteight of heavy livestock)
and the direct impact of rainfall on soil exposgdbazing (Trimble & Mendel 1995).

Fencing livestock from riparian areas on both sidéghe stream and providing
bridges or culverts at regular stream crossingskagepragmatic steps in on-farm
mitigation of pastoral impacts on waterways andcare elements of the Dairying and
Clean Streams Accord. Fencing of the stream toueechnimals from riparian areas
needs to match the livestock type, with single welectric fences adequate for cows
but post and batten fences or multi-wire electeisckes needed to exclude sheep, pigs
and goats and high mesh fences needed for desonte instances, natural features
such as high stream banks or deep water nearrda@rsedge act as natural barriers to
livestock access, without fencing. Livestock mamaget (e.g., low stocking rates)
and provision of alternative water and shade witémddocks can also reduce the
livestock pressure on streams.
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4.2.2 RMC rating guide to control of direct livestek excreta input and damage

0 = Uncontrolled livestock access to stream (&ig-, 21a)

1 = Partial control of cow or deer access to strdauh riparian area largel
unprotected and sheep have access e.g., singleelgitric fence (dairy or beef) ¢
deer fence along stream bank on one side; or digniioughs in paddock; or high
banks/deep water deter livestock access; no fertihtpw grazing pressure

<

2 = Full control of cattle (but not sheep) accessstream but riparian area
unprotected; e.g., single wire near stream baniodh sides of stream (e.g., Fig. 21d)

3 = Full control of all livestock access to streant riparian area unprotected and
livestock drinking watering-point access maintainedy., post and batten or deer
fence near the streambank on both sides of streamgle wire electric fence if farm
is dairy with not sheep.

4 = Full control of all livestock access to streamd riparian area but livestock
drinking watering-point access maintained; e.gst@md batten or deer fence set back
5-10 m from streambank on both sides of stream

5 = Access of all livestock to the riparian area atream prevented consistently on
both sides of stream and stream crossings areduatidgculverted (Fig. 21e,f).

Stream water quality improvements are expecteeéspand within weeks to months
to livestock exclusion by fencing and bridging (D@on & Ross 2004; McDowell
2008).

4.3 Streambank stabilisation

43.1 Background on bank stabilisation

Streambank stabilisation by riparian vegetation edels on the ability of the
vegetation to: (1) reinforce bank strength througbt network strengthening (Lyons
et al. 2000; Rutherfurd et al. 1999), (2) provideel-developed turf or a dense root
system that protects against surface soil erofdomgway et al. 1994; Murgatroyd &
Ternan 1983), (3) pump out water from the soil, pravide macropores for drainage,
lowering erosion potential owing to bank sloughiaigd slumping (Thorne 1990),
and/or (4) buttress the toe of the streambank gtiatg it from shear failure (Thorne
1990). Key factors influencing these stabilisinghdtions are: the height of the
streambanks relative to the depth of root penetratbank angles, the erosive power
of the stream under high flows (including localeets such as whether the reach is
straight or meandering with many erosion-prone bgnand whether the banks are
protected by other features (e.g., boulders, bé&dvotarge woody debris).

Grasses, herbs and forbs are expected to providd bank stabilisation of small
banks (< 0.5m) and those with low angles (<)4Wwhereas shrubs and trees give
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better protection for higher and steeper banks (Adty & Rutherfurd 1999;
Burckhardt & Todd 1998). Groundcover (typically tgpl m high including prostrate
shrubs, grasses, sedges and forbs) provide regmf@nat of banks to a depth < 0.3 m.
Understorey trees (1-5 m high) typically have road¢svn to about 1 m and extend
laterally to about the dripline. Overstorey spegegerally have a central rootball or
rootplate of dense roots that can usually be censdlas half a sphere that has a
diameter 5 times that of the trunk. Root densitglides rapidly beyond the root ball
and for reinforcement purposes there are usualiyré®ts beyond the canopy dripline
or below about 2 m under bank surface. Watson .efVéhtson et al. 1999) report
maximum root depths of 1.8 - 3.1 m for 8 to 25 ya@drPinus radiataand 1.3 - 1.6 m
for 6 to 32 year old kanuka. The root stabilizationction will be greatest where the
bank height is less than the depth of root penetraGtabilising high vertical banks
often requires that they are contoured to redueg tingle (e.g., to < 45°) before
planting to enable roots to penetrate below therskewel.

Pasture streams may become narrower than undest,fmeing to high sediment

supply and light that enabling pasture grassesitade the former channel margins
and build up banks by trapping sediment (Daviedegol997). Although this has

been observed in many parts of the world, it watsoserved in a survey of streams
in the Nelson region (Baillie & Davies 2002), artketeffect in Waikato streams

decreased with stream size up to a channel widthOom above which the effect

disappeared. Davies-Colley (1997) predicted thastablishment of complete forest
canopy closure over such small pasture streamsdwesllt in a period of increased
instability as the channels widened out to thetura forest channel width, followed

by stabilization of the banks along the wider clednn
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4.3.2 RMC rating guide for streambank stabilisation

0 = banks bare of vegetation

1 = banks poorly vegetated/heavily grazed or vartianks with veg. rooting depth pf
vegetation <1/3 of bank height (e.g., grasses amnHigh vertical bank or overstorey
trees on 5 m high vertical bank)

2 = banks moderately vegetated or vertical bankis vég. rooting depth of vegetation
1/3-2/3 of bank height (e.g., grasses on 0.5 m tgghcal bank; shrubs on 1.5 m high
vertical bank)

3 = banks well vegetated by plants with rooting tbep streambank height (e.g.,
pasture grass on <45° banks edge height 0.3 mjegetation with roots to > 1.5 [x
bank height but patchy so that < half length islypedtected

4 = Vegetation has rooting depth 1-2 x bank height
5 = Vegetation has rooting depth >2 x bank heiglat ia permanently protected from

livestock damage (e.g., tussock/sedges on <0.2gm lanks; shrubs on <0.5 m high
vertical banks; trees on 1 m high vertical banks)

4.4 Filtering contaminants from overland flow

44.1 Background

To be effectively filter contaminants from overlafidw, the riparian zone needs to:
(1) slow the flow of surface runoff to increase time for particulates to settle; and/or
(2) increase infiltration into the soil to enharitation of particulates (Cooper et al.
1995; Lowrance et al. 1997; Phillips 1989a; Prallt989b; Smith 1989; Williamson
et al. 1996). These filtering and settling funcicare enhanced by flat topography,
dense ground cover of grassy vegetation or litteteu riparian forest that increase
surface roughness, and soil characteristics ttamease hydraulic conductivity (low
compaction, high sand content, abundant macropo@sjiously, the riparian zone
must receive surface runoff from the adjacent laage for this filtering role to
operate.

The filtering function will be compromised if therface runoff is channelised, so that
runoff passes rapidly through the riparian areahwlittle time for settling of
particulates or infiltration into riparian soils.h& likelihood of surface runoff
occurring decreases with soil infiltration rate aindreases with rainfall intensity,
slope length, slope angle, and convergence of fioteschannels. Animal trampling
typically reduces infiltration rate (Nguyen et &B98). In contrast, excluding stock
from the riparian reverses this effect (Cooperletl@95). The quantity of sediment
carried in surface runoff increases with the clagtent (fine particles that are slow to
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settle) of the soil. Guidelines are available tedict the optimal width of grass strip
(% hillslope length) to filter suspended sedimewint surface runoff in relation to
slope length, slope angle, drainage and clay co(@nilier et al. 1995).

4.4.2 RMC rating guide for filtering particulates from overland flow

0 = banks bare or short veg with high soil commarcti

1 = short (grazed) veg. with high level of soil qmantion; or mod. veg. length (ca. 10
cm) but most of flow passes through area in chamiléd; or mod. veg. length (ca. 10
cm) but low soil porosity (clay); or buffer widtlotally inadequate for slope angle,
length & particle load draining to riparian areag(el-2 m along v-shaped valley Wil[

100m long 30° land slopes of sheep/beef grazedigggst

2 = mod cover of grass (>10 cm) or med litter la§@=6 cm); mod channels/rills; mad
compaction, mod porosity (silty) soil (e.g., mawms abundant, sandy soil); buffer
width barely adequate for slope angle & length &tipalate load of land draining t
rip area

O

3 = mod cover of grass (>10 cm) or med litter tafa. 5 cm); few channels/rills;
uncompacted, moderately porous (silty) soil (exgpcropores abundant, sandy saqil);
buffer width almost adequate for slope angle amgtle and particulate load of land
draining to rip area

4 = dense groundcover of grass (ca. 20 cm higithiok (>10 cm) litter layer; minor
channelsfrills; uncompacted, highly porous soilf&ufvidth adequate for slope ang
and length and particulate load of land drainingparea

e

5 = dense groundcover of grass or thick litter tay® channels/rills; uncompacted,
highly porous soil (e.g., macropores abundant, wawd); buffer width more tha
adequate for slope angle and length and particidaig of land draining to ripariap
area

=)

4.5 Nutrient uptake by riparian plants

45.1 Background

Nutrient uptake by riparian plants is an importamiction where infiltration surface
runoff or shallow groundwater passes through tla¢ zone before entering the stream
(Fig. 20). In contrast, the function is unimportaritere groundwater bypasses the root
zone of riparian plants. This may occur in deeplgised streams, where tile drains
deliver most of the shallow groundwater directly ttee stream, or where deep
groundwater emerges in the streambed as sprinsL@96; Prosser et al. 1999).

Nutrient uptake by riparian plants varies with ttegetation rooting depth in relation
to bank height and groundwater flows — larger tia®s shrubs have deeper roots that
can intercept deeper groundwater. Large plantstase a greater biomass and hence
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generally store more nutrients in plant tissue thanall plants. Harvesting of these
plants (e.g., by timber harvest or controlled anigrazing and subsequent removal of
the animals) contributes to long-term removal oésth stored nutrients from the
riparian area. Plants nearest the stream are me$t to interact with groundwater,
but nutrient uptake is expected to increase withwidth of the zone of deep-rooting
riparian plants.

The transpiration of riparian vegetation can alsonp water from riparian soils,
leading to hydraulic gradients that draw river wakdo the riparian area where it is
exposed to nutrient uptake and removal processes.

Root uptak
important

Incisec
channel
Root uptak
— unimportant

Figure 20: Schematic showing the influence of channel shapéntaraction between shallow
groundwater and the riparian vegetation roots.

4.5.2 RMC rating guide for nutrient uptake from groundwater

0 = banks bare of vegetation

1 = banks poorly vegetated or rooting depth of tesgen <1/2 of bank height above
normal water level (e.g., grasses on 1.2 m higtk lmaroverstorey trees on 5 m high
bank)

2 = narrow buffer£ 5 m wide) of veg. with rooting depth ca. 1/2 bdmight above
normal water level (e.g., grasses on 0.5 m highicadrbank; shrubs on 1.5 m high
vertical bank)

3 = narrow buffer{ 5 m wide) of veg. with rooting depth to water |eaebaseflow
4 = medium buffer (5-10 m wide) of veg. with rogidepth to water level at baseflow
5 = wide buffer ¥ 10 m) of vegetation has rooting depth >2 x banklteto water

level at baseflow (e.g., tussock/sedges on <0.4ghm lbanks; shrubs on <0.5 m high
vertical banks; trees on 1 m high vertical banks)
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4.6 Denitrification

46.1 Background

Denitrification is a process by which bacteria reglunitrate to the gases nitrous oxide
and N that are lost to the atmosphere, providing permiaNeremoval from the water
(Hill 1996; Willems et al. 1997). The process reqgi nitrate N, low oxygen
conditions provided by waterlogged soils, and aailalle carbon source to drive the
process (Knowles 1982). It is most important inaripn areas where shallow
groundwater passes through wetlands before emengitige stream (Cooper 1990;
Prosser et al. 1999).

Riparian plants enhance the process by their liaotgeasing the supply of carbon at
depth within the streamside soils. Removal of liwek from riparian wetlands

enhances denitrification performance by reducingggmg, allowing carbon to

accumulate and preventing accumulation of faectiqeens (Collins 2004). These
effects are expected to begin to occur within mentfi livestock exclusion and

increase over the following 2-5 years, provided tha other conditions for wetland
development are present.

4.6.2 RMC rating guide for denitrification of groundwater inflows

0 = banks bare of vegetation or grassed over teg;draining soils (sand/gravel).

1 = banks poorly vegetated; or veg. rooting detl? <of bank height above normgal
water level (e.g., grasses on 1.2 m high bank ersterey trees on 5 m high bank)|or
grass buffer on free-draining/dry soils

2 = narrow riparian forest vegetation buffeb(m wide) on soils that are moderate
drained (e.g., silts) and typically moist but unsated

y
3 = wide buffer (>10 m) of riparian forest vegetation soils that are moderately
drained (e.g., silts) and typically moist but unsated.

4 = medium of wetland/swamp forest vegetation buf®5 m wide) with rooting
depth to water level at baseflow and saturated soil

5 = wide wetland/swamp forest vegetation buffes n) with rooting depth >2 x bank
height to water level at baseflow, soils saturated 1
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4.7 Shading for instream temperature and plant conol

4.7.1 Background

Cool groundwater entering shallow streams heatsktyuunder direct solar radiation
in unshaded conditions (Quinn et al. 1992; Ruthdriet al. 1997; Rutherford et al.
1999). The rate of heating decreases with stregtihdas the mass of water absorbing
the incident radiation increases, and with shadegetation, that absorbs and reflects
much of the incident radiation. The ability of rijzan vegetation to shade the channel
decreases with stream width and the height of duyetation (Davies-Colley & Quinn
1998). Mature trees produce a closed canopy owvamneis narrower than about 6 m
but the “shade gap” between the trees on eitheksbarctreases above this channel
width (Davies-Colley & Quinn 1998). Tussock grasseedges and flaxes only
provide effective shade in very narrow channels.,(k ¢c. 2m). Streams with poorly
conductive beds (e.g., clay or bedrock) are expette heat more rapidly than
equivalently shaded streams with conductive beds.,(ggravels), due to less
conductive loss to the ground and less exchande grgundwater. Streambanks and
hills can also provide topographic shade, independeriparian vegetation, and are
particularly important in incised streams (Ruthaifet al. 1999).

Riparian shade can control stream lighting and ttagtrol instream plant growth
below nuisance levels, whilst maintaining the biedsity benefits and desirable
functions that plants provide (Biggs 2000). Shadih@0-80% is expected to prevent
proliferation of filamentous green algae (Daviedl€o0& Quinn 1998; Quinn et al.
1997b), but 90% shading is needed to prevent grofviome emergent macrophytes
in low gradient streams (Wilcock et al. 1998).

Studies of stream temperature response to ripaggatation change through various
forms of riparian revegetatation along small stregih2 m wide) at Whatawhata
(Quinn et al. 2009) and small-medium Coromandetastrs (2-12 m wide) with
riparian vegetation regeneration after forest cetling (Quinn & Wright-Stow 2008)
have provided empirical information on the timeeiakkor shade recovery. Five years
after riparian planting with native vegetation, mesummer water temperature was
still 1°C and 2.3 °C higher in streams with 1 angh 2ide channels respectively, than
in a native forest reference stream (Quinn et @92. Rates of recovery of thermal
regimes after logging of Coromandel Peninsula pila@tation streams were strongly
negatively correlated with stream size. Summer ydamhean and maximum
temperatures declined during the riparian vegetatgrowth phase by 0.18 and 0.47
°C year', respectively, for the largest (12 m wide) streamd 1.4 and 1.9 °C yedin
the smallest (2 m wide) stream. Thermal regimeswestored in small streams (2—4
m wide channels) about 68 years after clearfellimgnedium-sized streams (6—12 m
wide channels), we predict this recovery will tdi2-16 years.
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4.7.2 RMC rating guide for providing stream shade

0 = banks bare of vegetation and banks + riparegetation shade <10% of channel
(considering whole 180° hemisphere and all pointess stream)

1 = banks + riparian vegetation shade 10-30% offiedetidth at baseflow
2 = banks + riparian vegetation shade 30-50% ofeaietidth at baseflow
3 = banks + riparian vegetation shade 50-70% ofeaetidth at baseflow

4 = banks + riparian vegetation shade 70-90% ofeaetidth at baseflow

5 = banks + riparian vegetation shade >90% of wettieth at baseflow

4.8 Input of wood and leaf litter

48.1 Background

Wood and leaf litter can play important roles ireatns as food resources and habitat
(Biggs 2000; Collier & Halliday 2000). The role legf litter and wood depends on the
retentiveness of the stream, which decreases withra size (Webster et al. 1999;
Webster et al. 1994) and flooding frequency. Waogplut is most stable in smaller
streams, especially where the channel width istless the typical wood piece length,
and in low gradient streams that lack the powelingufloods to transport wood
downstream. Wood can be a key habitat forming featncreasing habitat diversity
and cover for invertebrates and fish, and oftem#othe deepest pools (Parkyn et al.
2009; Quinn et al. 1997a). Wood is particularly ortpnt as invertebrate habitat in
sandy and silty bedded streams (Collier & Halli@@@0).

The time taken for litterfall to be reestablishedikely to be similar to that for shade,
as discussed above. However, natural restoratiovoofl to streams is a much longer
term process (several decades to centuries) (D&o#sy et al. 2009; Meleason &

Hall 2005).
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4.8.2 RMC rating guide for providing wood input to stream

0 = banks bare of woody vegetation (e.g., grasskasdock, wetland sedge and flax)

1 = riparian shrub vegetation (provide limited ibmi small wood and roots may
penetrate streambed) along medium width strearsnf3wxide channels)

2 = riparian shrub vegetation (provide limited ibmi small wood and roots may
penetrate streambed) along small streams (<3 m ehidenels); or riparian softwoods
planted for stream bank stabilisation (e.g., paptrd willows) along medium width
hill-fed streams (e.g., 3-6 m wide).

3 = narrow riparian buffer (<5 m) of regeneratimngarian forest along small rivers (<
ca.10 m wide channel); or riparian softwoods pldrfier stream bank stabilisatign
(e.g., poplars and willows) or pine plantationsnglemall hill-fed streams (e.g=3 m
wide) or along wider spring-fed streams that ldokd flows that move wood

-

4 = wide riparian buffer20 m) of mid-succession growth (50-200 years) igra
forest along small-medium streams and rivers (sh2@ide)

5 = wide riparian bufferX20 m) of old growth (>200 years) riparian foresbreg
small-medium streams and rivers (< 20 m wide)

4.8.3 RMC rating guide for providing leaf litter input to stream

0 = banks bare of vegetation or short grazed grass
1 = riparian vegetation is long grass or wetlaiaot/fl

2 = channel poorly shaded (20-50%) by shrubs @stmr moderately shaded but has
low retention of leaf input (e.g., due to combinas of depth, high current velocities,
flow variability, fine sediments, lack of debrisrda or encroaching vegetation)

3 = channel well shaded (>70%) by deciduous veigetabr moderately shaded (50-
70%) by evergreen vegetation, but low litter ratami{e.g., few protruding substrates
or debris dams, little encroaching riparian vegetaand lacking quiescent pools and
backwaters).

4 = channel well shaded (>70%) by deciduous veigetabr moderately shaded (50-
70%) by evergreen vegetation, and moderate-higgr lietention (e.g., shallow with
protruding substrates, debris dams, encroachirgyiaip vegetation, or deeper with
quiescent pools and backwaters)

5 = channel well shaded (>70%) by native or evengnegetation and moderate-high
litter retention (e.g., shallow with protruding stfates, debris dams, encroachjng
riparian vegetation or deeper with quiescent paol backwaters)
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4.9 Enhancing instream fish habitat and fish spawmig areas

49.1 Background

Riparian vegetation enhances fish habitat by piogidover and also encourages the
input of terrestrial insect food items from overbiany vegetation (Jowett et al. 1996;
Main & Lyon 1988). Cover can take the form of owanging plants, tree roots, wood
and leafpacks. Higher over-storey vegetation is leffective fish cover than low-
growing grasses and shrubs that grow just aboearsttevel or hang into the stream
(pers. comm. R Allibone).

Riparian zones also provide spawning areas for spafexiid fish species, such as
banded kokopu (Mitchell & Penlington 1982), and rsliawved kokopu that spawn in
leaf litter/wood on streambank during high flowser@ comm. R Allibone), and
inanga that spawn in riparian grasses in tidal dmdl reaches (near the salt wedge)
(Mitchell & Eldon 1991). Removal of riparian vegeda in upland areas is expected
to reduce the suitability for banded kokopu spagnlyy eliminating the moist
microclimate and leaf litter found under forestt betails of spawning requirements
are unclear. Intensive stock grazing is also exggbtd reduce the spawning success
for inanga by removing the dense grassy vegetatimhby stock trampling eggs and
exposing them to desiccation due to sunlight anddwduring their month-long
incubation period.

The evaluation of fish habitat effects of riparanagement needs to be informed by
knowledge of the site’s likely fish communities qoosition and the habitat
preferences of this assemblage. Predictions orvendish species occurrence are
available for each REC reach throughout New Zea(aedthwick et al. 2008band
local ecologists are likely to be able to provigedfic advice.
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4.9.2 RMC rating guide for enhancing fish habitat cusing on inanga (l) and banded
kokopu (BK) spawning and cover habitat and generafied for other common
species such as eels and trout

0 = banks bare of vegetation or short grazed grass

1 = sparse deciduous streambank trees or long grassdes patchy, temporary
overhang cover along small streams

2 = <20% of streambank with permanent encroachuegh@anging riparian cover

3 = common bankside cover (e.g., 20-50% of streakldth some form of overhan
cover) by encroaching riparian vegetation; low-nratke input of large wood 3
instream cover; or livestock excluded from inangavening areas during spawning
season (autumn) only.

n Q

4 = abundant encroaching riparian vegetation (e50% of streambank with some
form of overhang cover) provides bankside cover amthances food input as
terrestrial insects; high input of large wood astriam cover habitat.

5 = heavy shade (>ca.70%) over very small headvetiteams (BK); rank grasses |or
wetland vegetation in the tidal area upstream @& #alty wedge and livestogk
excluded permanently (Inanga spawning); ripariaedowith abundant leaf litter and
wood in the flood inundated zone (spawning for pukopu species)

4.10 Controlling downstream flooding

4.10.1 Background

Riparian forest and wetlands are expected to aiterthe peak flow of runoff into the
stream channel in small rainfall events (Smith 39%rthermore, well-developed
riparian vegetation has greater hydraulic roughtieess short grass and hence retards
the progress of flood flows as they spill out ithe riparian area (Coon 1998). This
may cause increased local flooding of the ripadaea and adjacent land, but is
expected to reduce the peak flow in downstreamhesg¢Anderson et al. 2006).
Factors expected to influence these effects ardéikblghood of overbank flow events
(less in deeply incised channels), the width of tiparian area and floodplain, the
extent of wetlands, and the roughness (size/deimsiglation to the flow depth) of the
riparian vegetation.
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4.10.2 RMC rating guide for reducing downstream fboding

0 = banks and floodplain are bare or short gragsgtr flows remain within the nor
vegetated channel and interact minimally with rigavegetation.

1 = some (<50%) of the area of likely inundationflmpd flows has vegetation with
low-mod. flow resistance (e.g., native grasslangsock, wetland sedges) that
substantially overtopped by annual flood flowshagh flows remain within the main
channel and only minor interact with riparian vegiein that encroaches the channel
(e.g., overhanging flax, shrubs or trees)

S

2 = most (>50%) of the area of likely inundation Hgod flows has flexible
vegetation with low flow resistance (e.g., nativasgland, tussock, wetland sedges)
that is overtopped by annual flood flows; or higrarian cover by stiff vegetation but
flood inundation constrained by land form (e.g.yishaped valleys)

154

3 = most (>50%) of the area of likely inundationflyod flows has low-mod flexible
vegetation (e.g., tussock, wetland sedges, flarybsi) that interacts with most of
flood water.

4 = area of likely inundation by flood flows hasualdant stiff vegetation (may include
dead wood debris) that interacts with most of flowater. Vegetation could range
from flax or tussock on a small headwater streamldogrowth riparian forest in th
floodplain of a large river.

[¢2)

j9))

5 = whole area of likely inundation by flood flowss abundant stiff vegetation (m
include dead wood debris) that interacts with whaiépth of flood water (rangin
from flax or tussock on a small headwater streamldogrowth riparian forest in th
floodplain of a large river)

y

D ©

411 Human recreation

4.11.1 Background

Riparian management can influence human recreatiate riparian area and the
stream by changing stream aesthetics, naturalaessess, and the fishability of the
stream (Mosley 1989). These effects are generatiyenimportant along medium-
sized streams, with access to safe swimming améh§isspots, and in areas of high
human access, such as urban streams and reserves.

Riparian management also influences boating andetzag. Overhanging willows and

large wood can be hazardous for boating, wheretgenalanting plays a particularly

important role in enhancing recreational use. Walksy picnicking facilities (tables

and seating), weed control (especially blackbemg ather invasives) and vehicle
parking areas are all important for enhancing eaeaal use. Angling use requires
particular attention to riparian planting desigrptovide both overhanging cover and
low vegetation to allow casting when fly-fishinghd RMC ratings for recreational

use tend to be the most site specific.
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4.11.2 RMC rating guide for enhancing recreationalise of stream/riparian area

0 = riparian area covered in blackberry and otheasive weeds making stream edge
in accessible and downstream passage in canoeslbaga

1 = minimal natural vegetation cover along smakamns (e.g., < 3 m wide channels)
that are relatively in accessible and not usedafmling, swimming or boating on for
walking areas (e.g., headwaters on farmland)

2 = native vegetation along small streams thatateused for angling or boating pn
relatively in accessible areas such as headwatefarmland away; or monocultures
of exotic vegetation along streams and rivers deedishing, boating, swimming or
walking

3 = varied exotic vegetation or patchy native vagieh along streams and rivers used
for fishing, boating, swimming or walking

4 = mix of native and exotic forest/wetland vegetatcontinuous along streams and
rivers used for fishing, boating, swimming or walki

5 = native forest along streams and rivers usedisting, boating, swimming or
walking

4.12.1 Landscape and stream aesthetics

4.12.2 Background

Aesthetic considerations are often a key motivatbitand owners to adopt riparian
management. Riparian areas can enhance landscapeetas substantially by

providing vegetation diversity with ribbons of grewithin developed pastoral and
urban landscapes (Mosley 1989). Shrubs and trees ¢enerally greater aesthetic
appeal than grasses, and native vegetation has appeal than exotic vegetation.
However, aesthetics are landscape dependentt(esgocks may be more aesthetically
desirable than trees in inland Canterbury high tgustreams) and vary amongst
individuals. Ideally, RMC ratings of aesthetic effe of riparian management should
be informed by knowledge of the land owner’s pectiges on aesthetics.
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4.12.3 RMC rating guide for enhancing stream aesttics

0 = bare ground or covered in blackberry and atinesive weeds
1 = pasture with unconstrained livestock accesbdatream, no trees

2 = fenced pasture grasses without livestock actedhBe stream; or pasture with
livestock access and a 1-2 types of exotic tregs, (gillows and/or poplars)

3 = varied exotic dominated vegetation, limitec8tock access

4 = native shrubs or wetland is dominant vegetatpe

5 = native forest is dominant vegetation
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