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Integrated Catchment Management -- The challenge ahthe opportunity

Things change! The human population may incregsestmuch as 1.5 times in New
Zealand in the next 30 years (The State of Newafebs Environment 1997), and is likely to
place disproportionate stress on the natural resswf the Nelson area because of this area’s
favorable climate and outstanding aesthetic qealitiExcept for steep slopes and current
agricultural lands, the areas available for intem$and use are relatively limited and occur
primarily along the coast. As a result, the porfior serious habitat degradation in highly
productive terrestrial and marine areas could tgelaas judged by international examples,
unless careful planning and management are uneertakhus, an important task for
environmental research is to develop understaratggmethods that will allow resource owners
and managers and other policy makers to maintanfstzapes in sustainably productive and
attractive condition.

Such potential for change in the upcoming decatfsneeds to be placed within the
perspective of major issues of environmental chamgerring throughout the globe, such as
climate change, change in biodiversity, strengthgif ENSO, toxification of ecosystems,
stratospheric ozone depletion, and urbanizatian (gkens 1992, Ayensu et al. 1999). These
changes will affect New Zealand to a greater adesxtent than elsewhere, but because of New
Zealand’s low human population density and theométicommitment to sustain high
environmental quality, there is a unique opportufot New Zealand to provide an important
“reference point” in the South Pacific as part oy global network established for monitoring
environmental change. Thus research of the kifedresl to above can also involve important
contributions to the global efforts to design atausble planet.

To date most assessments of environmental champmast attempts at prediction of
environmental change have been attempted at satalirment scales of a few hundred hectares
or smaller, and have often been aimed at rehaimitaf a thoroughly degraded river basin.
Assessments of large and diverse catchments havedweided because of the increased
complexity, and therefore difficulty, of integraimesults for large, complex landscapes,
particularly those in which change has been s@ttenot catastrophic. Yet, from a
management and policy perspective, decisions ar@lysormulated and applied to larger areas,
including some (such as the Motueka River Basingkwhre in good condition and where the
problem is to develop equitable and defensible pugtof allocating resources before conflicts
become intense and the system degrades underetbsupe.

Integrated Catchment Management (ICM) is an agbré@ the maintenance of
sustainable, productive, and attractive environadesdnditions over large, and therefore diverse,
administrative units through methods that are gesctibe and equitable as human institutions
can make them with current levels of understandiing. approach is administered at the scale of
river catchments because virtually all administ&tinits in New Zealand coincide with river
catchments, and many of the conflicts about enwi@mtal resources and many of the
unproductive impacts of human use of land are indtesd through the hydrologic cycle and the
river systems of catchments to the nearshore marimgonment. Such impacts, for example,
include the flushing of biologically active contarants to productive estuaries and bays, the
transmission of pests and diseases along rivesaghralteration of riparian vegetation,
increased pollutant washoff from the land, and gearin streamflow availability through flow
regulation or consumption. Even for processesdt@hot topographically controlled, such as



the spread of many pests, catchments are conver@esatis units, especially when they coincide
with administrative units or planning units for ethssues related to water.

Integrated Catchment Management recognizes thagelsavhich generate these impacts
or conflicts are being made simultaneously at ndingrse locations throughout a catchment,
and that the results are transmitted downstreaougir the convergent stream channel network.
Thus, many administrative decisions about nat@sdurces affected by water flows and
transported constituents must be made in a catadhroetext that recognizes the spatially
diverse and often competing influences on the messuwof interest. If these conflicts are to be
resolved and consensus built to conserve the esystem in a sustainably productive condition,
new forms of knowledge and new methods for enviremta prediction are needed from
research scientists.

Integrated Catchment Management, incorporatingebearch which it requires, is
extremely challenging to do for large, complex areat offers exciting opportunities for
developing the knowledge that is critical for infeed or “smart” management policies and
decisions. Abundant examples exist showing théegaacy of compartmentalized or
“piecemeal” approaches to environmental regulatiodecision-making, yet that is the norm
throughout the world. Thus, we believe that a ntmiéstic, ecosystem approach applied to ICM
for the Motueka Catchment is a much better strategiyandcare’s efforts to develop knowledge
for the public good.

Although it is scientifically challenging, we eniastically support Landcare’s proposal
to initiate ICM in the Motueka Catchment. We utgmdcare to take a leadership role in putting
together an integrated and coordinated study teldpwnowledge about air/land/freshwater/sea
water interactions from the ridge tops to the sedife Motueka Catchment. We believe that
leadership in this complex issue would be for treater good of New Zealand as we believe that
leadership will be absolutely essential for dem@tistg the utility of any successful ICM.

A research methodology to support ICM, developethé Motueka Catchment, could be
transferred to other catchments and implementediexifly. The specific issues are not likely to
be identical to those of the Motueka CatchmentBasiman Bay, but there are many transferable
aspects of the approach, such as:

» the community development of conceptual models,

» the construction of consistent and interactive tatses,

» the exploration of historical archives and otheords to define the history of the landscape
and its ecosystems,

» the use of simulation models to predict changetargkplore various management scenarios,
and

» the explicit linkage of biophysical analysis withcg-economic and cultural analyses and
processes.

However, it is not sufficient to say “we want to do integrated study.” It will take strong
leadership, conceptual models, and unusual cooperfa¢tween scientists from various
disciplines, and between scientists and membeitsahanagement community and the public to
achieve a truly integrated “ridge tops to the seahagement approach.

In this document, we outline the most importantapymities for incorporating research
into ICM in the Motueka Catchment. We emphasizerésearch issues that are most likely to be



transferable to other parts of New Zealand ands®aey, and which promise to contribute most
effectively to the global body of knowledge on effee resource management. As a basis for
this report:

» We first reviewed documents describing: the staeneironmental research and national
aspirations in New Zealand, the geography of thenean Bay region, and descriptions of
debates about resource management in Tasman Distric

* We then spent several days surveying the Motuekeh@ent by air and road.

» We attended four meetings with various interestigsan the Catchment [farmers, other
residents and their community leaders from the uppkey; berry farmers, other residents,
and community leaders from the downstream plagasentatives of iwi and economic
sector groups in the Catchment; and members ahtdrene resources industry working in
Tasman Bay] and four other meetings with freshwaiel marine scientists from the
Cawthron Institute.

* We then attended three days of meetings with ssterand science managers from Landcare
and other Crown Research Institutes.

» Throughout our stay in the region, we met frequewntth the technical staff of the Tasman
District Council, and reviewed their data sourced facilities.

* Finally, we have relied on our own experience indigcting and reviewing catchment
research on several continents, often in assonigtith resource managers, non-
governmental organizations, and community groups.

Because our backgrounds are in the biophysicahsegseand we are not facile in the
vocabulary of the social and administrative scienees are likely to have under-represented our
belief in the importance of a strong connectiomiaein biophysical science, management
decision-making, policy development, and othervaas required for informed and equitable
ICM. Thus, if our report seems to give less wetghthese connections it is only because our
vocabularies make it easier for us to present 8pesiamples from the natural sciences.
However, we firmly believe that an appropriate begig has been made in the Motueka
“experiment” to motivate research that can direatid efficiently serve the community interests
that we heard expressed at several meetings oégttgroups in the region.

Having been involved in several projects aimecdhtgrating research results into
resource management, we stress that even moreyaresds to be invested in designing how the
research results are to be used in decision ma&iyyhich research results are necessary for
the resource management decisions that have t@be.rfihe purpose of Integrated Catchment
Management isnanagement, and the research that it requires, whether bioiggical or social,
will have to be done at the level of detail andwifie specific focus on issues required to
manage a catchment. Similarly, any expressiohefésearch results in the form of
mathematical simulation models (which we think Wil necessary) will have to be designed
with the minimum, appropriate degree of complezityl parameterization in order to assure
their use in catchment management.

We heard interesting presentations from Landcarmkmists about how research should
be designed to accomplish this, and we recommaeatdtikir suggestions be incorporated
explicitly into the work plans for some of the rasgh that we recommend below. Significant
amounts of time will have to be invested in this\aty by the natural scientists, who then will



have to tailor their research efforts to providea aninimum, the kinds of answers called for by
the end users of the research. Accomplishinggtbasd of developing research that is used
effectively would be a major breakthrough in reeeumanagement, and the discussions that we
heard of this problem seem to prepare LandcareadRas®&lZ Ltd. for a leadership position in
this endeavour, both nationally and internationally

On the other hand, it must be recognized that resewhether in academia, government
institutes, or in industry, has a history of getiagaunexpected results, as well as simply
providing calibrations and specific answers to gaiheagreed upon questions. Thus, it should
not be seen as diversionary or a failure if attleame of the research designed in the process of
ICM does not meet current expectations. Therelwilbther ways to measure whether or not the
research is excellent and important. Balancinghewesl for focus on the immediate, generally
agreed-upon questions against the value of follgwin findings that emerge unexpectedly
during the research will provide an important t@sscientific leadership and communication.

Fortunately, there are significant research isspeserning the hydrologic and
biogeochemical behavior of large, heterogeneowhoants in a constantly transient state to
challenge and retain the interest of good reseeschehese fields. A variable number of
conceptual and mathematical simulation models basegmpirical studies will be needed in the
application of ICM to the biophysical and socio-‘eamic operations of any particular
catchment. The models probably will need to kstetkin the sense that some will be coarse-
grained and over-arching, while other models vefiresent single features or processes at higher
resolution and finer scale. An important parthe design of individual applications of ICM will
be the discussion and early agreement about theenand resolution of useful modeling efforts.

Elements of a transferable research approach to see the needs of ICM

Integrated Catchment Management, developed andmgmted in the Motueka
Catchment, would have several elements that cailddmsferred efficiently to other catchments.
These include:

» Consultation with relevant, interested communiéibsut significant issues

» Definition by researchers of the issues that asearchable by currently tractable scientific
methods and which issues remain in the realm ah&sscience’ (i.e. are issues that can be
defined scientifically, but not answered scientifig)

» Collaborative design of the research with speeitiention paid to how the research will be
conducted and incorporated into the collaboratgaering process among all participants
(including resource owners and users, managersy@aiy makers)

» Communal definition of conceptual models of howngigant catchment-scale mechanisms
operate, interact, and exert their cumulative dareasn effects

* Recognition that each catchment has a history afigh that has been recorded and
interpreted by various specialists. The changiscteboth natural processes (climate
change, large floods, etc.) and anthropogenic gsa=e(deforestation, river control and
valley-floor drainage, agricultural innovationsyasion of alien species, etc.). They may be
recorded as oral traditions, land or aerial phaphs, land ownership and permit records, or
biogeophysical signals, such as layers of floodpdaimarine sediment incorporating pollen,
macro fossils, or distinctive chemicals. In ange@ch for ICM there is a good chance that a



concerted effort to marshal this historical infotima about the state of the catchment at
various times in the past can help with (a) chegkiodel predictions of when they applied
to past environmental conditions, and (b) envisigrstates of the catchment which the
community may wish to foster.

Formalization of conceptual models into mathemésoaulation models of the catchment
behavior, community values, etc. This model-buaddphase should not be delayed until
years after data collection, but initiated as stetets of hypotheses that can be tested and
refined during the data collection phase. Furtloeemthe types of models used need to be
appropriate to the specific task of ICM. This neleés not necessarily mean that all models
developed or borrowed must be elaborate or artedlat levels of detail valued in the
literature of the environmental sciences. The rfrosleould be designed to assimilate data
that can reasonably be expected to become avaitablpical implementations of ICM.
Careful attention needs to be paid to modeling whaeeded by resource owners, managers,
policy makers, and other interest groups (withriggés that are not necessarily economic).
This issue is one of the trickiest activities torrage in a balanced way in research for ICM,
but some form of modeling is going to be neceskageneralize experience and to utilize it

to envision future scenarios.

» Field data collection programmes and collationatbtases for defining catchment-scale
biophysical processes as well as social and ecanpracesses.

» Use of the formalized understanding to explore adea of change and variability, and to
provide estimates for management and policy making.

Significant resource management issues in the Motka Catchment

At the time of this writing, Landcare Research INd., in conjunction with the Tasman
District Council, continues to canvas opinions fridma regional community about issues that
concern them. An earlier, similar exercise wagstegd by the Council in the development of the

Regional Plan for the district, and an even eaWater Management Plan (Fenemor et al. 1989).

Other ideas about resource issues that are signifto the broader national community are
discernible in the report on “The State of New Zedls Environment” (1997) and in the
Ministry for the Environment draft report “Making/Ery Drop Count: The National Agenda for
Sustainable Water Management Action Plan.” Thaspde the fact that this process of

consultation is unfinished, it is possible to ratag at least some of the management issues that

concern the regional and national community inNMfzeueka Catchment and similar ones
elsewhere. We recognize that the following issredikely to be significant components of any
plan for integrated catchment management in thaubla Basin.

» Water issues. There are conflicting opinions alteaitinfluence of forestry on the total
amount of streamflow and groundwater rechargeintfigence of groundwater pumping from
the valley floor on the streamflow, and the minimstreamflow needed to sustain the trout
fishery at current levels in the face of droughd aermitted water withdrawals from the
channels. Downstream residents and marine resouaoagers are concerned about the
influence of floods in stratifying the Tasman Baydransporting sediments and chemical
and microbial contaminants to shellfish harvestioges.



» Sediment issues. There are conflicting opinionghenwisdom of gravel harvesting, on the
risk to channel habitat from sediment sourcesnbérlands; and the marine resource
managers need information on short-term and long-s=dimentation in the Bay.

» Water quality issues. Although stream water quatitthe Motueka Catchment is generally
good, there is concern among some residents anidemasource managers about nitrogen
and microbial loads in the downstream reachesl@@&y. Specific sources have not yet
been identified, but the pastoral industry anditthigated berry fields are suspected, although
direct human sources have not yet been investigated

* Aquatic biota. There are diametrically opposed @®n the reasons for a widely
acknowledged decline in the Motueka Catchment'sofasrtrout fishery. Populations of
native fish and of invertebrate biota are receiattgntion as an increasing number of
scientists and community groups are joining iwplacing great value on the older, more
diverse biota of the Basin. The significance &f tharine biota is also growing because of
the shellfish industry in the Bay, and is alreaalging questions about the role of the
Catchment in disturbing the nearshore marine egolog

* Riparian zones. There is a rising interest amangesresidents and river users about the
condition of the riparian zones along river chaandlhere is little agreement or even
information about the distribution of various rif@er zone conditions, their effect on water
guality and the quality and functioning of aquatosystems, or their role in providing
habitat for birds and other terrestrial biota. ¢dmsensus has yet developed about preferred
conditions for the riparian zones in various paftthe Catchment.

» Catchment-Bay interactions: Iwi and a few othersisd the Bay appear to have had a long-
standing concern about the potential for deletarigftects on the Bay, but this issue is now
likely to grow in significance as the human popiolatand its activity in the area increase,
and as marine resource managers intensify thelokaipon of parts of the Bay affected by
the Motueka River plume and the longer-term disdesEsediment that alters the form of the
Bay itself.

Key Research Opportunities

Some of these concerns reflect related proce$smsexample, the effects of erosion on
trout habitat, imbalances in the supply and hamgsif gravel from the channels, and sediment
delivery that alters the form of the estuary anglibgolve related components of the sediment
budget for the entire river basin. Concerns alioeieffects of forestry on groundwater recharge
and river flow, about streamflow requirements fout, about groundwater pumping, and about
freshwater effects on the Bay are all interactisygests of the water budget. Thus, some of the
issues of concern can be grouped into a smallfsesearch tasks as follows:

1. Defining the nature and status of historical information on Motueka Catchment from early
settlement by humans to the present time.

Large amounts of useful anecdotal and archivedtistl information exist in the
memories and writings of Catchment residentss iitnperative to assemble, organize, and
quality control this information in order to pro@@ context and guide for developing conceptual
models of the Catchment’s functioning, and fordlesign of monitoring and research programs.



In addition it will be important to establish a nimning network throughout the
Catchment to assess current conditions and fuhaeges. Among the variables that should be
monitored are: air temperature, solar radiatiosipility, streamflow, dissolved and suspended
matter concentrations in stream water, precipitaéimount and chemistry, etc.

Finally, there are opportunities to gather infonmaiabout previous environmental
conditions within the Catchment from analyses diirsent cores taken from wetlands and
coastal regions.

2. Defining the ground and surface water supply

Rainfall and evaporation vary strongly acrossMwtueka Basin, and therefore so do
groundwater recharge and contributions to streamfld’he available water supply in both the
groundwater and the streamflow at any locatiomeBasin is affected by natural geographical
controls (such as rainstorm tracks, topography,samghine) and by anthropogenic activities
such as alteration of the vegetation cover and jngrpom groundwater in the network of
valley floors close to stream channels.

A spatially distributed mathematical model of thederactions would provide a
planning tool for decisions about water allocat@on about competition between uses of water
in distant parts of the Basin. It could also pdavimarine agencies with information about the
volumes and timing of freshwater inflows to the B&uch a model would explicitly represent
the relations between rainfall, evapotranspiratgdarage of water in the soil, and its flow to
groundwater, stream channels and the Bay. It walsld represent the flow of water through the
channel system so that the temporal variationrebstflow could be predicted for both floods
and critical low-flow periods. The effects of puimg on local groundwater flow fields and
abstractions of flow from the channel could be dated by a companion model, already used in
the Basin, connected to the output from the whalgiromodel.

3. Defining sources and dispersal of sediment

The issues that have arisen concerning sedimelndi: turbidity (resulting from the
concentration of fine, often organic-rich partiglébe filling of channel pools with medium-
sized sand in certain reaches; changes in bedtielexaand gravel-bar volume at various places
through the channel network; bank erosion; chabedlmobility in fish habitat; catastrophic
sedimentation on scallop beds; and changes inh@ysof sediment to the Bay causing long-
term changes in the texture of the substrate antbtim of the Bay itself as a result of erosion
and deposition. All of these variations are irgkated aspects of the mobilization, transport, and
storage of sediments of various grain sizes frdifer@int parts of the Catchment. Their
guantification and analysis, and their approxinpatliction can be accomplished through the
construction of aediment budget. The terrestrial and marine sediment budgets avbale to be
defined separately because they require diffeeatirtiques and models, but they could be linked
in a straightforward manner through the flux atti@uth of the Catchment (Note this is not the
same place as the lowermost position at which tbeubka River is gauged.)



5. Defining the nature and spatial distribution of aquatic habitat

Current estimates of the effect of flow alterat@nthe availability of aquatic habitat for
trout are based on analyses at one or two reagltiee channel network. There is an opportunity
for a strong integration of the physical environtaéanalyses outlined above (water flows and
sediment budget) with the aquatic biology studi€se physical analyses can provide the spatial
and temporal contexts for reach-scale studiesbfdnd invertebrate populations. They can also
provide a means of extrapolating the results oh siadies to the entire catchment through
stratification of sample sites and correlationshef biological results with physical
characteristics that can be rapidly mapped. Linkihgabitat predictions to physical controls
creates a capacity for prediction of the biologmahsequences should critical habitat factors
change. The linkage to physical habitat thus plesia substrate on which analyses of other
biotic and management processes (food availabstibgking, fishing pressure) can be designed.

For example, current estimates of the amount oft thabitat and its susceptibility to
natural and anthropogenic environmental changeaagpée based on an application of the In-
stream Fish Incremental Methodology (IFIM) to charmorphology in the mainstem Motueka
in the Woodstock gauge reach. This is a reasoti@blestep, but it highlights the question of
how much habitat of what quality exists throughitat entire channel network. Although we do
not know in detail the habitat requirements foutror any other local species, it seems likely
(even from the IFIM analysis) that stream dischafigev depth or pool volume, flow velocity,
and substrate texture are useful indicators oftabuality. Geomorphological theory and
experience elsewhere suggests that each of thaszctdristics probably varies systematically
through the channel network, with perturbationthef patterns imposed by recent floods and
perhaps localized sediment inputs from landsligestamber harvest.

A spatial model of habitat distribution and quafity freshwater species could be
developed by linking habitat requirements of vasigpecies with characteristics such as
streamflow, depth, velocity, substrate particlesghade, and perhaps other factors that could be
mapped throughout the Catchment. Such a physicdehof habitat then could be used to
calculate the consequences of changes such asdthwtion, sedimentation of pools or the
channel bed, or changes in riparian shade. Theriaumt new facility would be a catchment-
wide assessment of the amount of habitat of vaigpess. Linking of habitat predictions to
physical controls creates a capacity for predictibthe biological consequences should critical
habitat factors change. The linkage to physichlthathus provides a substrate on which
analyses of other biotic and management proceksas gvailability, stocking, fishing pressure)
can be designed.

5. Defining the nature, distribution, and functioning of riparian zones

Riparian zones provide habitat for terrestrial &agnch as birds, and through their supply
of shade, organic debris, and bank complexity ttegyenhance aquatic habitat. The nature and
use of the riparian zone by landowners can alsouhatelinfluxes of sediment, nutrients, and
microbial contaminants to the stream. There neet® tan assessment of controls on the
distribution and biological significance of the iars types of riparian zone in the Motueka
Catchment. Mapping of a typology of these zonesddcbe followed by surveys to define how



their structure and function provide habitat fardstrial and aquatic fauna, and to design field
studies of the degree to which they filter matanglts to the stream channel network.

A simulation model then could be constructed ofrationship between the species
composition, density and age-structure of tre¢harriparian zone and the evolving biological
function and water-quality buffering of the zonksame land-use change or rehabilitation
programme were to occur.

6. Defining the nature of water quality in the Motueka Catchment and export of nutrients and
contaminants to Tasman Bay

A variety of land uses, such as forestry, dairyangd wilderness conservation, exist in the
Motueka Basin and affect water quality. It is impat to quantify how these land-use practices
affect the transport of dissolved and suspendedents and sediments to Tasman Bay, where
they can impact marine ecosystems and the harf/ésh@nd shell fish. Currently, there is
much concern about maintaining high-quality waterdrinking and other uses throughout the
Catchment, as well as for the protection of highifyand diverse stream ecosystems. Increased
human habitation and activities within the Catchtieave a high potential to accelerate the
export of nutrients and contaminants to the Balyis Potential heightens the need for greater
knowledge about the flows of water, sediments,olvesl substances and biota and thus the
critical control points among the air-land-freshevaBay water interactions. These are complex
issues that connect the physical and chemical stakee Catchment and associated waters with
their biological diversity and functions and reswdtsocio-economic considerations.

Summary of Research Issues

These issues could be summarized for the Motuakeh@ent in the two questions
framed in the overlapping ellipses in Figure 1.e Bimaller ellipses represent respectively the
terrestrial catchment and Tasman Bay with theigggghical overlap reflecting the lower
Motueka River. An over-arching question in the-lednd ellipse is: “What maintains the
biodiversity and productivity of the terrestriatcament and its waterways, including the
biophysical and socio-economic conditions for hurinng, the productive sector, conservation
lands, introduced species, and pests?” The hght ellipse focusing on the Bay encapsulates
the question: “What maintains the productivity dmaldiversity of the nearshore marine
environment and the lower river?” The over-archgogstion and related, more specific
guestions will be keenly interesting to local greup the domain represented by each ellipse.
Both of these smaller ellipses are circumscribed karger ellipse that represents the interests
and needs of both the responsible administrativte(imrthis case the Tasman District Council)
and of other groups such as the national governarehtonservation organizations that may not
be represented locally.

The diagram focuses attention on the inextricahleabes between these two questions
because answers to the first question, and managehthe Catchment to favor certain
preferred conditions, will have immediate conse@esrfor the second question. Of course, for
purposes of sequencing research or assigning priragponsibilities, the two ellipses can be
separated, so long as attention is given to thedaiver in both studies, and to the rich potential
for co-design of studies and transfer of informat@tween research teams. For Landcare



Research New Zealand Ltd., the most immediate relsegportunity lies in the terrestrial
ellipse. But the significance of the terrestredearch for understanding the nearshore marine
environment suggests that encouraging leaderdef atstitutions to adopt the principle
portrayed in Figure 1 could efficiently serve tleeds of administrative councils and other
stakeholders with broad responsibilities or intexes

In summary, we believe that there is an extraorgiogportunity for designing
environmental science to be conducted in the cowfesocio-economic and decision-making
processes. Landcare Research New Zealand Ltdl take a leadership role in stimulating
collaborative exploration and use of relevant reseamong other agencies, administrative
bodies, and representatives of traditional inhakstathe productive sector, and other interest
groups. Once developed in the Motueka Catchmleatlésign of research for Integrated
Catchment Management could be transferred to eeétehments, and new local issues could be
assimilated efficiently before implementation.

In the remainder of this report, we outline seveggortunities for terrestrial research
that Landcare Research NZ, Ltd. could initiate ad, in some cases in partnership with other
agencies. The first task: conducting a formalizexvey of the history of past states of the
Catchment, should be a part of any investigati@figaing ICM. The magnitude and duration of
this task would vary with the complexity of a cat@nt’s history and the wealth of historical
information, but would probably not expand beyoneé gear in each location. The other
suggestions are for studies that would typicaliee® over a four-year period, but could be
planned in two-year increments. Examples 1 arf®ever, would require the installation of
monitoring equipment, and therefore would requies ¢arliest start-up to accumulate a record
for analysis and to inform the other studies wittia time scale of the projects outlined here.

Objectives, Outcomes and Tasks for Major Research @portunities

1. Defining the nature and status of historical information on Motueka Catchment from
early settlement by humans to the present time.

A major and critically important task during tfest year of this study will be to collect,
assemble and organize all existing informationtenNotueka Catchment that may have
relevance to the proposed study. This effort sthbel done in a thorough and integrated way by
focusing on issues identified at the outset ofstiuely and using a conceptual diagram (Figure 2)
as a guide. Assembly of these data would occurwoently with the development of
conceptual models and mathematical/computer simulatodels so that effects of historical
land-use changes can be assessed more quanttativel

Objective: To collect, organize and evaluate all relevantonisal data on the Motueka
Catchment and relevant areas of Tasman Bay.

Outcomes: (1) These data would provide an historical perspecain the effects of different land
uses within the Catchment and provide baselingnmdtion against which future changes could
be compared; (2) These data would provide an sisszd of what is being monitored within the
Catchment, where monitoring is occurring currerdlyd what gaps exist in variables monitored
and their distribution throughout the Catchmentonioring data should bésed actively as part
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of the ongoing study, and thus would be helpfutientifying and clarifying critical questions, as
well as providing information for evaluating tempbchanges; (3) These data would provide
some historical assessment of the ecological avgkbichemical impact of the Motueka River on
Tasman Bay.

Tasks:

(i) Historical records from individuals and grougisould be interrogated, including newspapers,

(ii)

(iii)
(iv)

diaries, correspondence, photographs, museum lgsldistrict records, and oral
histories, particularly from Maori. Consideringetmagnitude of this task it would be
helpful to “mine” these historical data sourceddiyusing on finding ‘answers’ to
specific questions, e.g.

—land use in 1899, 1950, 1999 (tobacco would geod case study)

— trout and eel populations in 1899, 1950, 1999

— condition of riparian zones in 1899, 1950, 1999

— channel morphology in 1899, 1950, 1999

— alien species in 1899, 1950, 1999

— biotic diversity in 1899, 1950, 1999

— hillslope erosion [specific times/major events]

— floods/droughts [specific times/major events].
The investigators should, of course, also keepyaropen for records of surprising,
perhaps forgotten, events and conditions.
Different forms of quality control need to la@plied to these historical data, including
cross checking of data sources, and statements aboertainty need to be developed to
the extent possible.
These historical data need to be assembl@yusIS and other appropriate technologies
to facilitate visualization, assessment and maaipan.
All current monitoring efforts need to be aittd and assessed. The Tasman District
Council (1995) has already put considerable thougbtmonitoring activities to support
their responsibilities under the Resource Managémen With the assistance of
Joseph Thomas of the Tasman District Council, we le@sembled a preliminary map of
current monitoring activities and locations in Metueka Catchment (Figure 3). To this
map should be added the location of all other nooinigy efforts, e.g. precipitation and
streamwater chemistry and so forth. Using this araghthe study questions as a guide, a
comprehensive monitoring program should be designedmplemented for the
Catchment. As an indication of other data that praye useful: we understand that
there are precipitation collectors operated througthe Catchment by farmers and other
landowners. These collections could provide vdkiabditional data for any monitoring
network. We suggest that these persons be codigumissibly provided some simple
equipment, training, and a standardized protocehtmance quality control, and as a
result their data could be added to the databagbdédCatchment. In addition to adding
more information throughout the Catchment, inclosib these volunteers would be an
excellent way of attracting their interest and ireonent in the activities of the ICM.
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(v) Develop an integrated effort to obtain coresediment from wetlands within the
Catchment, locations near the mouth of the riveartshore sites in the Bay, and other
suitable areas for paleoecological study and rénact®ns.

Key Performance Indicators. These efforts would capture information from loicalividuals,
groups and communities and elicit their cooperaind involvement. This involvement would
be an important step in developing integration agieement about management efforts to be
applied throughout the Catchment. Information alobanges in the Catchment over time and
an assessment about what would need to be measstedhatically with time could provide
important models for use in large, complex catchisietsewhere in New Zealand and overseas.

2. Defining the ground and surface water supply

Objective: To develop a model of surface and groundwatevdlthat can be used to calculate
the influence of climatic inputs, catchment projestland-use effects, and withdrawals of water
from groundwater systems and channels of the Mateier Basin. The model would be
capable of connecting to other simulations of Iggalundwater flow fields and channel
hydraulics in fish-bearing streams.

Outcome: New Zealand would have a transferable model of lamd and water management
policies interact with catchment geography to dffee availability of water for the economic
sector and other ecosystem needs. The model winddbow calculations of the magnitude and
frequency of freshwater loading of Tasman Bay leyNtotueka River. The research would build
on previous hydrologic research on land-cover hgdpg to which New Zealand is a prominent
contributor.

Tasks:

(1) A spatially distributed rainfall-runoff modelould be implemented for the Motueka
Catchment, based on digital representations ofatters known to control the
disposition of water in the hydrologic cycle. Taegould include: measured and
expected patterns of rainfall, evapotranspiratiempguted from weather records,
topography, and land cover; soil water-holding rtips; groundwater flow system
dimensions; stream channel network propertiesveatdr withdrawals.

Such a model could be constructeth hypothesis, using the sparse available data
and modifications of any one of a number of widehpilable models for spatially
distributed, continuous hydrologic simulation.thien could be continually refined with
data collected during the empirical field-resegsbhse of the project. Thus, during a 4-
year research period, the model could evolve gigdivam a crude estimation to a more
accurate and precise prediction tool.

(i) A considerable effort would be required taguile the necessary databases for such a
model, but this task should be initiated only afteoice, development, or modification of
the model, and agreement about the amount andenatttine necessary data.

(i)  The model would be implemented in a GlSfiwork that would allow output in the
form of maps of water sources and streamflows &heeach in the network, graphs of
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(iv)

(v)

(Vi)

seasonal variability of streamflow at any pointhie channel network under a range of
environmental and economic scenarios.

The model output could be connected to odasily generated data to calculate aquatic
habitat values, fluxes of dissolved and suspendadtituents, and the availability of
water for withdrawal from the channel.

The model would be checked initially againstorical records of rainfall and streamflow
that have been accumulated for many years by temaia District Council and NIWA.
Other data, recorded during fieldwork and dataectibn for the project, could be used in
a progressive effort to test and refine the mogel several years.

The study would take advantage of and enhancetilitg af hydrologic investigations

that already have been carried out in New Zealdtair(ai, Big Bush, Moutere,
Waitakere Catchments, Waiwhera groundwater rechsttgly), but would have to
include a field program to intensify the definitiohthe hydrologic components,
especially as they vary in different parts of thetddeka Basin. Thus, for example, the
rainfall gauging would need to be extended; measents of groundwater recharge
already being conducted at Waiwhera would neec teeplicated elsewhere in the
Catchment; and some groundwater wells would neée iastalled at various depths in
representative locations.

Key Performance I ndicators

(i)

(ii)

(iii)
(iv)

v)

A critical performance indicator would be tlmmmunity leaders would eventually agree
about the way that interacting hydrologic processesepresented in the model, and
would have confidence in its utility in regulat@gd economic decision-making.
Attention to transparency in the model building aisé and to effective visualization of
the output would be critical in this process.

Resource management agencies would havaraiplg tool for decisions about water
allocation and about competition between uses ¢témm distant parts of the Basin,
based explicitly on a model, credible to all inttesl parties, that accounts for these
interactions within the range of environmental dbods found in the Basin.

Marine scientists and agencies would be able tqpopenexpected volumes and timing
of freshwater inflows to the Bay.

Managers of freshwater aquatic resources cowdchee in a quantitative manner how
the availability of habitat is linked to the condit of the Catchment and competing water
uses.

The effects of pumping on local groundwater flitelds and abstractions of flow from

the channel could be simulated by a companion mattelady used in the Basin, and
connected to the output from the whole-basin model.

3. Defining sources and dispersal of sediment

Objective:  To quantify the sources and fluxes of sedimentasious grain sizes in the
Catchment and Bay, taking account of natural pesdand and riparian zone management,
and engineered sediment transfers.
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Outcome: New Zealand would have a transferable methodralyaing sediment sources and
transfers in a consistent and reproducible marrarcould be used to resolve conflicts about
these issues. The method is applicable to conedrmst water quality, removal of sediment
from rivers, land-use changes, riparian zone réitatinn, aquatic ecosystem productivity, and
many other resource management issues. The resgautd extend the method of sediment-
budget analysis, to which Landcare Research NZgadsonnel are already prominent
contributors.

Tasks:

A sediment budget is an accounting of the sourndsigposition of sediment as it
travels from its point of origin to its eventualtlas from a drainage basin. Conceptual models
and techniques for constructing sediment budgetsi@w practiced widely (Reid and Dunne
1996), and for the terrestrial budget a numberoofdgrecords (land and aerial photos, channel
cross-section surveys, flow and sediment conceotragcords, gravel provenance studies,
floodplain soil surveys) are available in the M&ta€atchment.

(1) The main tasks in the early phase of the ptojeuld be to accumulate evidence from
aerial photographs, sediment sampling of riverd,amilar direct measurements to
estimate the transport and grain sizes of sedifnemt various sources over the past few
decades.

(i) Statistical models of these transport rates mighddwveloped, for example between flow
and suspended sediment concentration, flow andoaedtransport, and landslide supply
and rainfall for various vegetation communities &t conditions.

(i) Imbalances in the sediment fluxes result in stomagée removal of material from
storage. These changes in storage indicate eitmd¢inaing sediment sources that may be
subject to control, or places where sedimentationlevoccur in some future disturbance.

(iv)  Changes in storage can be investigated byrseai borings in floodplains, footslopes,
and similar depositional sites, and by accumulasumyeys of channel cross sections.
The eventual product should be an approximategbantitative model of sediment
sources, fluxes, and sedimentation to be expeobed ¢ertain distributions of land use,
taking into account the roles of large floods, Eittes and other catastrophic
disturbances.

We do not know what charts, aerial photos, andbbotamples exist for defining the
marine part of the sediment budget, but it is yikekat a lower degree of resolution is necessary
in that case.

Key Performance I ndicators

At the end of the sediment budgeting exercisegtshould be general agreement about
the approximate magnitude of various sediment gsyi&s they vary through time, and about the
role of large catastrophic events (such as langst@ms occurring soon after timber harvest.)

People should be able to understand and recornfféesthces in observations of the
behavior of sediments of various sizes in diffefgants of the Catchment, and there should be
general agreement on what geotechnical informat&mbe used as an equitable basis for
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regulation of land-management practices, graveldsiing, and other disturbances of the
catchment-scale sedimentation regime.

There should be a warning system for large sediménkes to the shellfish harvest
grounds in the Bay, and enough understanding afdlieces of that sediment for defensible
regulation of the competing demands of land and&ays, including the value of forest and
agricultural engineering and riparian managemeattpres.

There should be enough understanding of the sedisoginces to guide river training
and riparian zone management.

4. Defining the nature and spatial distribution of aquatic habitat

Objective: To create a spatially registered model of the arayuality, and distribution of
habitat for various vertebrate and invertebrateatiqspecies as determined by flow, channel,
and sediment characteristics. The role of theseactexistics would be linked to the ecological
requirements of various species and would refletit batural factors and land management.

Outcome: New Zealand would have a transferable method @&sassg the amount of habitat for
various aquatic species and for predicting andlagigig how the amount of habitat might be
affected by changes in flow, channel form, sedimgon, and riparian structure and function.

Tasks:

0] The first step that could be taken is to extendctieacterization of habitat, so that it
could be mapped efficiently throughout the Catchmé&®IM is the best available
technology for doing this, but it is slow to perfoand therefore must be confined to a
relative few, thoroughly characterized reacheserEso, the number of characterized sites
(reaches) could be significantly increased beyohdtws currently available and then
could be distributed to sample systematically aewahge of conditions throughout the
network.

(i) From those sites, simpler indices of habitat qualituld be developed (e.g. flow depth
and slope, or bed-particle size, and shelter froedgtion or fast current) that scale with
catchment characteristics such as drainage argtaeam order.

(i)  These habitat characteristics then also wdiddelated to the results of the other modules
suggested above. For example, predictions of iilovarious parts of the network at
various seasons would be used for predicting hiaditalability and quality under
various scenarios. The sediment budget analysistmpigdict that intensive timber
harvest increases the risk of pool filling and s$tdie fining, or drop in dissolved oxygen
for some period of time and for some part of thanctel network. An important question
then would be whether these indices of habitatityu@r the original IFIM-generated
index) correlate well with the availability of anyganism, and if not why not.

(iv)  If the correlation with habitat availability existhere are grounds for analyzing risks to
habitat and expectable changes in habitat-limitgzlations.

Linking of habitat predictions to physical contral®ates a capacity for prediction of the
biological consequences should critical habitatdiescchange. The linkage to physical
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habitat thus provides a substrate on which analysether biotic and management
processes (food availability, stocking, fishinggmere) can be designed.

5. Defining the nature, distribution, and functioning of riparian zones

Objectives: (1) To develop a typology of riparian zones amdnap it throughout the Catchment
as a first assessment of the current distributr@handition of riparian functions, and (2) to
construct a simulation model of the projected gaphic and functional evolution of riparian
zones under various management scenarios.

Outcome: New Zealand would have a transferable simulatiodehfor projecting the spatial
distribution and ecological functioning of ripariaanes as they are affected by land
management. The model would represent the disiitreiof both native and invasive plants and
animals.

Tasks:
Mapping of a typology of riparian zones from aepghbtographs calibrated from
systematic field observations.

(1) Field surveys and monitoring to define the popalatlynamics of plants in riparian
zones, including their spatial expansion where apate.

(i) Quantitative field surveys to define how the stmuetand function of various types of
riparian zone provide habitat for terrestrial agdatic fauna.

(i)  Design of field studies of the degree to which nigra zones of various types filter
material (suspended and dissolved) inputs to tiearst channel network.

(v) Simulation modeling of the relationship betwéla density and age-structure of trees
and shrubs in the riparian zone and the evolviotpgical function and water-quality
buffering of the zones if some land-use changeloabilitation programme were to
occur.

Key Performance I ndicators

A methodology would be available for planning whanel how to revitalize the ecological
functions of riparian zones while meeting the ecnitoneeds of landowners.

6. Defining the nature of water quality in the Motueka Catchment and the export of nutrients
and contaminants to Tasman Bay.

Knowledge about flows of nutrients and toxic cheatsawill be critical for evaluating ecosystem
function (e.g. productivity), excess nutrient ehrieent (eutrophication), and toxification
(pollution) throughout the Motueka Catchment. ¢m&ting and evaluating this information for
use in the ICM will be a challenging task, partaly given the size and complex topography of
the Catchment, and the variety of its land use.
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Objectives: (1) To develop a conceptual model of all potentiputs, outputs and key ecosystem
processes for each land-use type within the Mot@=ktahment, (2) to determine the integrated
effect of different land uses in the Catchmenttanduality of water leaving the Catchment, and
(3) to integrate water quality models and watemp$umodels (e.g. Thorrold et al 1999) to
simulate the estimated biogeochemical effects suece use scenarios.

Outcomes: Integration of comprehensive land-use biogeocbahmformation would be central
to a successful ICM on the Motueka Catchment analdvprovide useful guidance for study and
management of large, complicated catchments elsevih&lew Zealand. Mass balance output
information from the Catchment would be vital infation regarding chemical inputs to Tasman
Bay, particularly since the Motueka River presurgabpresents such a relatively large input to
the Bay. The potential economic impacts of suatwkadge about these inputs on marine
ecosystems and industries, such as scallop harge®ivery large.

Tasks:

0] Collect, assemble, quality control and orgara#l available historical data relevant to this
conceptual biogeochemical model and determine wtréreal gaps in data exist.

(i) Develop an integrated research and monitopragram to measure the important
biogeochemical fluxes and linkages among land-ysestand for the entire Catchment.
In some cases data over several years ( >5) wiktgaired to establish meaningful
temporal trends.

(i)  Establish quantitative relationships and el®p models for nutrient and pollutant fluxes
for the various land-use types and the entire @a¢ct (much to be gained from the
literature here) and relate to water supply models.

(iv)  Construct a comprehensive mass balance fpnkéients such as C, N, P and Si and
selected contaminants for each land-use type artiddcCatchment as a whole.

(v) Determine what the major linkages are betwdiffarent riparian plant species and water
quality.

(vi)  Determine how the quality of river water hetmouth of the valley quantitatively
integrates and reflects the linkages of ecosyst@megs within the catchment above, i.e.
is the whole catchment water quality “value” reatigre than the sum of the parts?

Adams (1999) has provided a useful framework aetiminary data from the literature
for the Motueka Basin. The quantification of theigus inputs, outputs, processes and pools she
identifies will be important tasks to be completedt will not be repeated here. Inputs include
precipitation, fertilization, irrigation and N-fix@n. Outputs include removals in crops or
tending, gaseous losses (denitrification, volattian of ammonia), leaching (leaching to
groundwater or losses in streamwater) and runaotiiignts carried in overland flow). She only
refers to N and P and no mention is made of cloteiwaputs. Cloudwater may be an important
source of nitrogen for alpine regions, such asiénupper regions of the Motueka Catchment, in
the Southern Hemisphere (Weathers and Likens 1989®idies should be initiated to evaluate
this potentially important input. Similar evaluais as to the state and flux of toxic chemicals
and pathogens will represent particularly challagdgasks, but will be important to the
integrated assessment for management regardiniip leé@cosystems and of humans.
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Key Performance I ndicators:
Key metrics of the success of the water qualitgwiuould include:

— high water quality within the Catchment to supp@althy aquatic ecosystems,
including productive fisheries

— aviable corridor between fresh and saltwateithts for migrating fish

— high-quality water within the Catchment forrking, swimming, boating and other
recreational uses, and agricultural and industisals, i.e. sustaining the health of the
ecosystem

— export of high quality water to Tasman Bay

— valid benchmarks for evaluating future charigegsater quality

Disadvantages of using the Motueka Catchment for altCM

Opinions were expressed that the Motueka Catchmasiihot desirable for use in an
ICM because human impacts have not been largs.olir opinion that human impacts currently
are large but are not seriously detrimental. Webe that they will be large enough in the
future to provide interesting and useful “experits&megarding changes in land use and their
effects in the Motueka Catchment. Thus, in theldk Catchment the challenge is to develop a
means of maintaining and perhaps improving a sy$it@trhas many attractive and productive
features, but which could be damaged if efficiend aquitable methods are not found for
managing change. The proposed research projectivbeuhimed at both obtaining the
knowledge necessary to do this and learning how koowledge can be most productively
applied in a particular social and economic contéke methodology would be exportable to
other catchments where it could be implementediefitly and relatively cheaply.

The large size and complexity of the Motueka Catetints both a distinct disadvantage
as well as an advantage. If an ICM were to be doigeessfully on a catchment of this
complexity, it not only would be a major scientifichievement but also would provide a model
for studying complex catchments elsewhere. Witly ¥&w exceptions (e.g. Powell 2000,
Pickett et al. 1997) we are unaware of any effofthis magnitude and complexity elsewhere.

Observations about Key Linkages to Foster and Creatin any Integrated
Assessment

We have argued above for a truly integrated ambraeaong the cooperating scientists in
order to obtain new ICM knowledge about the Motu€ladchment. This integrated approach
will need to be guided by a conceptual model andtipng leadership. How can such an
integrated approach work among partners from dffeCRIs, Councils and local communities?
We don’t know precisely, but offer a model useeetifely in the United States by the National
Science Foundation for large cooperative effortemgrscientists from different federal agencies,
universities, and private institutions. The madedimple and consists of: (1) a single, integrated
proposal, prepared jointly by the cooperating d@é&nunder the banner of a single, integrated
conceptual model; (2) a single (or sometimes muaa bne) Principal Investigator (presumably
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the scientific leader for the project); and (3)a®pe budgets for each of the cooperating
institutions. This model works well in the U.Sdamight here for the Motueka Catchment
study.

The Value of a Banner Issue

Given the complexity and difficulty of implemengirand executing truly integrated
catchment studies toward the goal of successfubgement, it will be necessary to have several
critical ingredients:

1) aclear vision, including a conceptual model fa pnoject

2) strong, intellectual and possibly charismatic |eskig

3) an enthusiastic and talented, multidisciplinaryrtea

4) a“banner” or “flagship” issue as a major rallyipgint for the project

It seems to us that one good opportunity for dguatpa banner issue is related to
bioinvasions of alien species and maintaining hgdiodiversity within the Catchment. The
details of how this issue might be developed iartyeup to Landcare Research NZ Ltd., but
focusing on invasions and biodiversity of land arater ecosystems could have great value to
New Zealand and elsewhere. Moreover, we beliexettie Motueka Catchment should provide
a good subset of the various problems and chaletigeughout New Zealand. A central
guestion for resource managers and policy makersl@sv does one manage for healthy
biodiversity and productivity over entire landscspelncluding biodiversity of groundwater
would add an exciting new dimension, as such ssudmuld contribute significantly to new
international efforts. Also there is some potdrfbaexperimental study at the landscape scale,
within the Catchment, such as genetically modibeghnisms to control possums or Old Man'’s
Beard. Such a banner issue for the Motueka Catehstaedy would be important scientifically
and also would provide knowledge about the manageofean important (real world)
environmental issue.

Observations about Key Skills Required for ICM

It would be very difficult, if not presumptuous onr part given our brief visit, to
evaluate the professional skills and skill gaps$imitandcare Research NZ Ltd. and potential
partners in the Motueka ICM study. Instead we ssgwhat skills should be represented in the
integrated team. We believe the following are mili professional skills needed for the study:

Biogeochemist

Land use/soil hydrologist
Geomorphologist

Hydrogeologist

Catchment-scale hydrologic modeler
Plant ecologist

Soil ecologist

Agricultural economist
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Aquatic ecologist
Microbial ecologist
Marine ecologist
Fisheries biologist
Sociologist

Systems modeler

GIS Manager

Data Manager
Environmental engineer
Statistician

Current deficiencies in expertise could be solvebdinging in postdocs, visiting scientists,
consultants, new staff, etc. to work on the project
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Figure 1: Over-arching questions for ICM in the Motueka Catchment
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Figure 2: Conceptual summary of the issues and processes to be addressed in the

Motueka ICM.
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Thomas Dunne, University of California Santa Barbara: Resume

Thomas Dunne is a Professor of Environmental Seiemzl Management, and of Geological Sciences at
the University of California Santa Barbara. He duacts field and theoretical studies of drainagerdslisliope,
and fluvial geomorphology, and in the applicatidrhgdrology and geomorphology to landscape managéemared
hazard analysis.

While working for the USDA Agricultural Researcter8ice (1966-1969) and McGill University (1971-
1973), he conducted research on the effects ofgrapdy, soil characteristics, and vegetation ormffuprocesses
under rainfall and snowmelt in Vermont and Canaltaile teaching at the University of Nairobi (196971), he
initiated a long-running research interest in Adricenvironments, including experimental studiesuobff and ero-
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