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Introduction_ 

This workshop is lhe second in lhe series of workshops held by the CIAT-University 01 Guelph project In 
the first workshop. held on March 5 1997. we presented Ihe Projecl and discussed Ihe main issues 
considered relevant lo those working in Ihe Ucayali region. Workshop participanls comprised CIAT 
scientists wilh future and ongoing research projects in Ucayali. 

This second workshop, "First Intemational Workshop of Ihe CIAT-Uníversity of Guelph Project" involved 
scientists representing very different areas of expertise. The first group consisted of researchers from 
Europe and Canada who are currenlly working in the area of complex syslems Iheory (CSn. They were 
invited lo help enrich lhe conceptual developments currently in progress. The second group comprised 
Peruvian scienlists who were able to provide us with detailed knowledge and dala of the case study, 
Ucayali. These experts were selected based on their abilities lo discuss lhe dynamics of Ihe main 
resouree use aclivities in the region; [¡sheries, forestry. coca, agroforestry. and cattle and forages. Lastly 
we included all CIAT scientists involved in research projects in Ucayali. 

In bringing together the CST theorelicians and the more grounded practitioners working on sile, we hoped 
to benefit from lhe combining 01 theory and practice, abstraet and concnste. We wished lo apply the 
theories lo the case study and with Ihe help 01 the local experts modily and develop lhem. In addition the 
praclitioners may see their work in a larger context and leam from the lheoretical insights of lhe CST 
experts. 

Since this project slrongly emphasizes lhe need and importance of stakeholder involvemen! in all aspects 
of lhe research eonducted, the workshop played an important role in the process of establishing 
collaborative tíes wilh eommunity members. We wish lo maintain and enhanee these relationships, thus 
allowing us Ihe opportunity to be guided by their expertise and knowledge. 

The proeeedings comprise all the presentations given by the CST experts, Peruvian experts and CIAT 
scientists. 1I also ¡neludes Ihe comments, recommendations and further developments 01 the conceptual 
ideas Iha! took place in Ihe workshop diseussions. 

Laslly. il is important lo draw attention lo lhe facl thal Ihe presentalions and workshop discussions 
necessarily represenl Ihe opinions of Ihe chosen mix of people and therefore any in!erpreiation of Ihe 
conclusions must be viewed wi!hin this light. In addition the conceptual models proposed here are in a 
working form, and will necessarily continue to be adapted and modified until the project Is complete. 
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Workshop Agenda 

Day 1: Monday May 26 

Introduction (08:00-08:40) 

1. Welcome 

2. Introduetion 01 !he Partieipants 

3. Gilberto G. Gallopin: Introduction 01 the Projecl 

Overview 01 the goal5 and objeetives 01 the Project; Project history; Project team etc. 

See Document 1: OveNiew of the Projec! 

Session 1: Overview of Pucallpa (08:40· 12:00) 

This session wiU involve short presentalions Irom the workshop participants Irom Peru as well as 
GIAT scíentists working in Pucallpa. The goal is lo previde those untamilíar with Ihe case sludy a 
detaíled and rieh description 01 !he reglon Irom differenl perspectives. 

See Document 1/; OvefVIew and Synlhesís of Puca/lpalUcayali 

Speakers: 

1 Ernesto Raez-luna, land Managment, GIAT, Calí (20 mins) 
"Historieal Overview' 

2 Humberto Guerra Flores: Instituto de Investigaciones de la Amazonia Peruana (IIAP), 
Iquilos (20 mins) 
"The Slate 01 the Fisheries 01 the Peruvian Amazon' 

3. Eduardo Musso, liGA & GTZ, lima (20 mins) 
"Drugs, producers and decision-making' 

4. Miguel Ara: Director 01 Use and Management 01 Natural Resources, CODESU, 
Pucallpa (20 mins) 
"The F orestry industry in Ueayali" 

Break: 10:00-10:20 

5. Ricardo Labarta: International Cenlre ler Research on Agroforeslry (ICRAF), Pucallpa, Peru 
(20 mins) 
"The Use 01 Natural Resources in the Amazon Region 01 Pucallpa" 

6. EriK Veneklaas: Land Managemenl, CIAT, Calí (20 mins) 
"Key Ecological Processes in Ucayali" 
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7. Federico Holmann: Tropical Forages. CIAT. Cali (20 mins) 
"Dual Purpose Catlle Produclion in PucallP8 - Tropileche" 

8. Sam Fujisaka: Land Managemenl, CIAT. Cali (20 mins) 
"land Use Characlerizalion in Ucayali" 

Discussion: Questions and claríflcations (45 mins) 

sesslon lIa: Complex Systems Tutorlal: Dr. James Kay and David Waltner-Toews 
(13:30pm -16:30pm) 

This sesslon wlll provide a thorough explanatíon of the basíc eoncepts. approaeh and researeh 
methOOs of eomplex systems theoríes (CST). It is intended lo provide Ihose unfamilíar with CST with a 
goOO understandíng of Ihe Iheoríes whleh Ihe Projecl alms lo apply lo the Pueallpa case study. This 
session Is open to all CIA T staff. 

Break: 15:00 - 15:20 

Oay 2: Tuasday May 21 

Sesalon IIb: Panel Discusslon: Responses to Complex System Tutorial (8.00·9:45) 

This session Includes presentations from other scientísts working in complex systems. They will 
highlight different perspectives and approaches lo understanding complex systems. Eaeh presenter will 
outhne Ihe¡r researeh approach in the context of the ¡¡eminar on CST given on tne previous day. It is 
intended Ihat Ihe other participants gain an understanding of different views of CST as well as helping to 
develop a common language fur all participants. 

Participants of Ihe Panel 

1 Mario Giampietro: Senior Researcher. Istítulo Nazionale della Nulrizíone. Rome. 
ltaly (1 O míns) 

2. Henry Regier: Toronto, Canada (10 mins) 

3. Gilberto Gallopin: Land Management. CIAT, Calí (10 mins) 

4. David Waltner-Toews, Population Medicine, University 01 Guelph, Ontario, Canada 
(10 mins) 

Discussion: Questions and clarífications (55 mins) 

Break: 09:45-10:05 

Sesslon 111: Research Process and System Oeserlption (10.05 - 12.00) 

This session explains the research precess taken by the Project and in this context identiftes which 
are Ihe subsequent stages Ihat will be addressed in Ihe workshop. The system variables and Ihe 
general ceusal struclure 01 the system wil! be discussed. Following this different categories of Ihe CST 
concepts will be clarified. 
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1. Tamsyn Murray: The Researeh Process (20 mins) 

2. Discussion (30 mins) 

3. Identification of basie categories of complex system concepts (whole group) 
(45 mins) 

4. Gilberto C. Galloprn: Perceived Goals and Indicators (20 mins) 

Session IV: Re-Examlnation of the System using Complex Systems Theories 
(13:30 -16:30) 

In this sesslon we wish te develop a eST interpretation of the case study using the basic concepts 
atready explained in !he seminar and further refined in Session 111. The goal is to construet a conceptual 
"model" (not In !he quantitative sense) of PucallpalUcayali with CST and identify the mest critical guiding 
questions, hypothases and metaphors that will help us better understand !he key processes and 
dynamics of the system. 

Break: 15:00-15:20 

Day 3: May 2/1 

Sesslon V: Oevelopment of a Conceptual Framework 

Based on the previous description of the case in complex system terms, we wish to al leasl initially 
oulline Ihe skeleton 01 a framework, that can then be further refined and tested in Pueallpa. This 
framewerk is intended to provide a guide ler agricultural research in messy complex situations such as 
Ihose that prasen! themselves in the region. 

Break' 10.'00-10.20 

Session VI: Recemmendations fer Research Prioritles 

With Ihe new insights derived from Ihe applíeation 01 CST, we wish to identify research priorítíes for 
CIAT lor the region. At present CIAT has 7 projects working in Pucallpa. The integrated conceptual 
framework should help in localing each project in a similar context and help identífy synergis!ic and 
complementary relationships Iha! can be exploited. We wish to clarífy how data and results from one 
project can leed into others and how as a whole Ihey can contribute lo a more complete picture of the 
situation. 

Break: 15:00- 15:20 

7 



INTRODUCTlON OF THE PROJECT 

Gllberto C. Gallopín, Land MBnBgement, CIA T 

Thank you lor your participation in lhe First Intemational Workshop 01 the CIAT/UG project. 

The purpoae 01 this workshop is manilold: 

1. To gel together practitioners and theoreticians working on agricultura! and natural resources research 
and management. 

2. T o discuss and iIIustrate Ihe application 01 ideas arising Irom Complex Systems Theories (CSn to a 
case study in a lacused manner and lo share them with !he agricultural research community. 

3. To critique and extend lhe preliminary conceplual Iramework generaled by Ihe Project and our 
understanding 01 bolh general and site-specific processes operating in Ucayali, Peru. 

3. To perform a colleclive exercise 01 re-examinalion 01 Ihe Ucayali system. 

The expected outputs 01 the Workshop are: 

• An improved conceptual Iramework lor agroecosyslem research. 

• A proposad CST characlerization 01 Ucayali. 

• A sel or research prioríties lor Ihe Project. 

After the lormal Workshop ia over (Wednesday May 28), there will be two days dedicated lo inlormal 
discuasion between the researchers working on eST in order to go into deeper analysis. crítique. and 
recommendations regarding the application 01 CST. 

Personally. I see Ihis Workshop bolh as a test 01 the praclical uselulness 01 CST to agroecosystem 
research, and as a challenge to CIAT (and pemaps !he CGIAR) 10 incorporate emerging insights coming 
from the aludy 01 complex sysleros 01 many kinds. 

Hlstory of!he CIA TIUG prolect 

The origins 01 the project can be traced to June 1994. when Dr. David Waltner-Toews and myself met in a 
Workshop on Agroecosystem Health held in Ot!awa. We quíckly discovered we had common interests. 
particulariyabout looking lor new ways 01 addressing agroecosystem sustainability and health. David was 
al !ha! time starting a Canadian-wide project on Agroecosystem Health, and we realized Ihat potential lor 
cooperation was high. The similaríties and differences between lemparate and tropical agroecosystems 
hava been discussed at Ihat workshop, and We perceived the importance of including tropical 
agroecosystems in the analysis. 

On Ihe other hand, I had been involved in elforts to put together an intemalional group of scientists 
working on difieren! aspects 01 complex systems and sharing a common interes! to explore the 
implications 01 complex systeros Iheories for practical policy- and decision-making lor sustainable 
development. David was a member 01 this informal group. 

While we met in different occasions for workshops and discussions, the first opportunity lor seríous 
cooperation arase when we leamed about lile new CGIAR-CANADA Linkage Fund (CCLF) se! up by 
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CIDA. We made a proposal for the lund In 1996, and ít was approved in the same year. 

Project support snd execution: 

Supported by the CIDA CGIAR-CANADA Llnkage Fund and executed by CIAT and the University 01 
Guelph 

Prolect Team: 

Overall coordination: Dr. Gilberto C. Gallopín (CIAT). 

Scientífic coordlnators and Princlpallnvestigators of the project: David Waltner-Toews (Unlverslty 01 
Guelph) and Gilberto C. Gallopín (ClAn. 

SclentHic Advlsor: Dr. James Kay (Universíty 01 Guelph) 

Senior Sclentlst: Manuel Winograd 
Research Associate: Tamayn Rowley 
Research Associate: Emesto Raez-Luna 
Anafyst: Hebert Montegranario 

Other stafl from CIAT and the University 01 Guelph participating contributing original data, speclalized 
scientífic advice, and critiques 01 the ongolng research: 

CIAT: 

Dr. Sam Fujisaka 
Or. Erik VenekJaas 
Dr. Peter Jones 
Other sclentísts (to be deflned) 
Scientists workíng in the selected sltes (lO be dellnad by the project) 

Universíty of Guelph: 

Dr. Sally Humphrles 
Dr. Clarence Swanton 

Project duratlon: Ihree years 

Project Ratlonale: 

The problematic social. economlc, environmental and productlve Issues facing agricultura and agricultural 
communities are par! 01 a cornplex set 01 activities involving farmen;, farro organízations. rural 
communities. end nationa'. regional and ¡ntemallonal governments and Inslitutions. 

Envlronmenlal. social. and economlc Impacts have repercuesíons nOI only for Individual larmers where 
they live. but lor all actors al all hierarchicallevels in the agroecosystem. 

Constralnts and opportunities occur al each levelln thls hlerarchy; e.g., the nature and variety 01 markets, 
5011 types and erosion, social structures and national policies. 

Among many researchers and development experts there is en increasing sense 01 un-ease with 
traditional sectoral and disciplinary approaches, and a consensus Ihat it is important lo take a broad view 
when Irying to solve agricultural problems. 
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It ís íncreasingly obvious that the quest lor sustainable agricultural development requires: 

• integration of economic, social, cultural, palmeal, and ecological lactors 
• articulation 01 the top-down approaches to development with the bottom-up or grassroots 

initiatíves 
• the simutteneous consideration 01 the local and the global dimensions and 01 the way they 

interact 
• br08dening /he spees and time herizans to accommodate the need lor intergenerational 

as well as intragenerational equity. 

The Technical Advisory Group (TAC) 01 !he CGIAR has recognized the need for a new agricultural 
research modal: "as yet, there is no accepted research model which embraces the physieal, biological and 
human dimensions 01 long term (agricultural) sustainability. Developing such a model is a goal 01 truly 
intematíonal importance' (CGIAR. 1993. 'The Ecoregional Approaoh 10 Researoh in lhe CGIAR'. Report of lhe TAC/Cenlre 
Dlr""""" Wor1óng Group. CGIAR Mid-Term M .. ting, Puerto Rico, May 1993, paga 8.) 

A research modal far sustainabre agriculture will certainly be more Ilexible and in some aspects at least, 
less easy to quantífy lhan a research model lor physics or chemistry. The CGIAR was relerring to a new, 
interdisciplinary, multi-level, both site-specific and conlextually meaninglul, systemie approaeh to 
agricultural research, as opposed 10 the dominating 'commodity model". 

A research model in this sense ineludes essentially: 

• a goal (sustainable agricultural production and development), 
• a conceptual lramework, 
• a set 01 procedures, 
• falsílication criterla. 

The development 01 a helisrro conceptual framework for understandíng and anticipating agroecosystem 
dynamics and behavior is an essential piace 01 a new research model. 

Project Objectlves 

• To develop a conceptual framework for the holistic understanding 01 agroecosystems as hierarchical 
systems, using !he new ideas being derived Irom Complex Systems theories. 

• To apply this Iramework lo concrete tropical agroecosystems in order to assess its applicability and 
usefulness ter guiding research on agroecosystem sustainability. 

• To perform comparative analysis 01 tropical and temperate agroecosyslems in terma of systemic 
properties (on the basis 01 ongoiog research on Canadian agroecosystem at the University 01 
Guelph). 

• Based on the research lindings, to develop teaching materials on complex systems approaches lo 
the study and sustainable care 01 agroecosystems. We expect that these materials will be usad in 
Latin America, Canada and elsewhere, 

• T o train young scientists in the application 01 concepts and melhodologies derived trom complex 
systems Iheories to lhe study and evaluation 01 agroecosystems. 

Relevance of Complex Syatem8 

The rapidly developing field of complex systems theories is helping provide new insights on the properties 
and behavior of systems tha! are characterized by a high degree of complexity, a complexity that is 
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characteristic of any socio-ecologícal system suro as agroecosystems. Those new insights generate new 
relevant questions lor researoh, and are beginning lo provide new answers. 

Complex systems are differentiated from simple 
systems, but also from what some csll complicated 
systems. In very basle terms, the distinction 
between lhem can be statad as In Box 1. 

Box1 
A TAXONOMY OF SYSTEMS 

SIMPLE. Can be adequately capturad by using a 
• single perspectiva or descriplion anel by a standard 

(olten linear) modal providlng a SOlution \hrough 
roullne operetions; 8.g. idealizad pianetary motion. 

I 
I 
i 
i 

I 
Complex systems are characterized by the lact that 
mulJiple (and irredUCible) perspectives are required 
in order 10 understand them; looking at them lrom 
only a single perspective faila to provide an 
understanding leading lo successlul resolution 01 
problems. In lhe csse o! agroecosysfems, including 
soil, water, plants, animals, and people. the fact thal 
different social actors have differen! goal5 and 
peroeptions Is an essential fealu re conlributing 10 
!he dynamics and behavior 01 Ihe system. This 
implies thal the inclusion 01 those features ls 
importanl nol only in terms 01 democracy and as 
part 01 Ihe search lor govemance and technology 
transler, but also as an epistemologícal necessíty. 

COMPUCATEO. Can be characlerized by a Single I 

Olher common property 01 complex syslems Is lheir 
hierarohical structure, including the operalion 01 
differenllevels 01 organizatlon definíng lhe division 
of !he system into subsystems, 01 those inlo sub
subsysfems, etc. In complex syslems, Ihis hierarchy 
constitutes whal ís sometimes callad a "holarchy", a 
lerm used to emphasize Ihat subsyslems are 
holons, with hollstic properties by Ihemselves. 

perspectlve; howevar, H Is nol salisfactorily caplurad by 
a standard model. Never1heless, ~ 1$ possIble 10 gel as 
close as desirad lo a "solutlon'; e.g., \he Ihree body 
problem 

COMPLEX. In any complex sys!em. tOOre 15 no 

I 
guaranlee 01 a unlqua "solutlon", o( indead any. TOOm 
are (al leaS!) two classes 01 compiexily; except lo( 

I borderllne cases, mosl complex systems exhibit both: 

: Eplstemologlcal complexlty: lI raquires a 
plurality 01 perspectivas. E~her compiemenlary 
(e.9 .• Ilght, quanta, poilcy) andlor hierarchical 
(organisms. organizallons. within a broadar 
system) 
Functional complexity: self-organízalion, 
emergen! propertles; 9.g .• Bérnard ceUs. 

, Source:: modified from htlp:/llnn.ingrm.ltIoompsyslmanlfe,htm 

Complex syslems exhibit the propertles 01 seK-organlzation, Ihereby changing thelr own slnucture and 
behavlor in response lo either Intemal changes or changes in the!r environment, and Ihey may exhibít 
emergen! properties, no! predlctable from a knowledge 01 Ihe behavior and structure 01 Iheir components. 
Those and olher factors generate irreducible uncertainties about aspects of!he behavlor 01 complex 
systems, uncertainties that musí be dealt wilh and !hat canno! be eliminated by gathering more data. 
Obv!ously, Ihls has deep impllcaoons for agroecosystem managemenl. 

1I has been shown by Prigogine and others Ihat compJex systems in 
interaction with their environmenl may exhlblt deep slructural 
changas (reorganizations) eílher lo a "higher" or a "lower" regime. I 
have coined the term "anastrophic' 10 describe the sudden sh!ft into 
a "higher" (I.e. more deslrable, more complex, belter able to cope) 
organization, while a similar change to a "klwer" Jevells usually 
qualífied as caiastrophlc. In many instances, Ihis is preceded by 
increasing fluctuations 01 Ihe state 01 lhe system and increasing 
entropy. If this kind of phenomena can be shown 10 exis! in 
agroecosystems, then this leature could provida an early waming 
signaling Ihe onset of a sfnuctural change (Figure 1). 

Complex systems may be categorized as In Box 2. 

One common characteristic 01 complex systems ls that they have 
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more !han one stable stale or condi!ion lo which lhe system willlend 10 go. 1I a system has only one stable 
slate it is called globally slable; in tha! case. il the syslem is moved away ¡rom Ihe slable slate, it will lend 
lo relum lo it, no matter how lar away or in whal direclion 11 has been displaced. This means Iha! all 
perturbalions are reversible; Ihe only concem ls how long will lhe system take lo go back lo ils equilibrium. 
Only simple systems can be globally slable. 

_._----------

Box2 
TYPES OF COMPLEX SYSTEMS 

: COMPLEX PASSIVE. Changas in !he system 
organization are baslcally delermlned by its 
environment. 

COMPLEX ADAPTIVE. The system is able lo change 
lIs "behavior" (changing Ihe values al Rs variables) and 
"physiology" (mol/lng between domains 01 attraclion) lo 
survlve in a changlng environment. 

COMPLEX SELF-RENEWABLE. The syslem is able 
lo cope wilh drastlc change and structural collapse by 
regeneratlng ilsell wilhlhe same slructufe. 

COMPLEX EVOLUTIONARY. The system is capable 
01 changíng its own struclure leading lo improvements 
in Ihe syslem's performance in a changing 
environment. Slruclural changes may be progresslve 
or punctuated; externally or inlernally driven. 

COMPLEX SELF-AWARE. The syslam is able lo 
observe ilseU and lis own 8\1olution lhereby openíng 
new repertoires 01 responses and connections. Among 
lhase are empalhy • imaglnation and perspectlve 01 Ihe 
olher; and Ihe abilily lo modulate responses exploring 
new siluations and attemative vislOns without loss 01 
identily. 

SOurce: http://lnn,ingrm.i:tIcompsySlmanlfe.htm 

y 

II a system 
has more 
Ihan one 
stable slate 
(or sel 01 
stales) then 
il is no 
longer 
guaranleed 
thal it will 
corneback 
lo the 
original 
stable stale Figure 2 
il displaced 

x 

away Irom i!; it might go 10 anolher slable slale, 
depending nol only on Ihe size 01 Ihe perturbation 
bul more importantly on how near Ihe syslem state 
is to the boundary separaling Ihe "basin of 
attraction" 01 each stable stale. This can be 
iIIustrated graphically for the case 01 a syslem 
whose state i5 delined by the values 01 only two 
variables. x and y (Figure 2). A stale 01 lhe syslem 
al a given poinl in time is completely delined by a 
poinl in the two-dirnensional space (x, y). The case 
shown in Ihe ligure represents a syslem with two 
slable seIS: one is a slable state (a point) and Ihe 
other is a stable orbil (representing a periodic 
oscillalion in the values 01 x and y). II the slale 01 
the syslem is originally within Ihe domain 01 

attraction 01 !he stable slate (or the stable orbit) it will lend lo go lo Ihe corresponding state (or orbi!). 
However, if the sys!em is perturbed in such a way thal ils slale crosses Ihe boundary separaling Ihe two 
domains 01 attraclion, il may "fall" into Ihe other domain, and exhibit a sudden, qualitative, change in ils 
mode 01 behavior. The system is nol globally stable. This is Ihe basis of Ihe nolion 01 reslllence, which 
relers lo Ihe capacity 01 the syslem to remain in ilS original domain 01 attraction in Ihe lace 01 
perturbations. Note Ihat we are nol lalking here about stmctural changes 01 the system discussed bato re, 
bulol changas in Ihe behavior of a syslem within Ihe same stmcture. It has been shown in a number of 
empirical cases and al80 Ihrough modeling, thal many nalural resource systems have lhe property of 
having more than one stable stale or sel 01 states. The implications for managernent are very deep. 

Choice of PucaJJpa/Ucayall as case-lltudy 

The Ucayali region ollhe Peruvian Amazon has been chosen as Ihe lirst case-study lar the developrnenl 
and lesting 01 Ihe conceptual framework because 01 the following reasons: 

1. The case is certainly complex enough lo require an integrated framework. The process 01 developrnent 

13 



in Ucayali involves economic, social, ecological, agricultural, and technological dimensions. 

2. A numher 01 projects are already going on. This includes CIAT's projects as well as projects developed 
by olher inlemalional.nalional. and !ocal institutions. The projecl will henelil Irom the inlormation and data 
gathered by ¡hose other projeC1S; conversely, Ihe project could help Ihe integrations 01 those actiVities. 

3. Research in Ihe region is in an active slate; new research and developmenl activities are being 
planned. This means Ihal some 01 the critical research queslions idenlified by lhe projecl mighl he 
answered Ihrough those aclivilies. The project may also help lo set research priorilies lor Ihe area. 

Pucallpa land-use model 

The goal of the project is lo develop an integraled conceptual Iramework including Ihe major lactors and 
dimensions determining the behavior 01 the agroecosystem (including bolh human and non-human 
elementsl. Some 01 these lactors (such as land erosion, agricultura! yields, population growth) are 
amenable lo quanlification, bul other lactors 01 no lesser importance, canno! be quantified (or are 
trivialized il quanlilícation is torced on them). This includes many cultural, social and political lactors. 
Moreover, Ihe laws or rules giving rise to many 01 Ihose lactors are unknown. SliII, insolar as Ihese laclors 
are considered importanl in determining Ihe behavior 01 the system, they must be included in the 
conceptual Iramework. 

For the subsets 01 lactors Ihal can be quanlilied, Ihe use 01 simulalion models may be very efteclive in 
developing underslanding and exploring a~emaljve hypothesis. In a very basic sensa, a simulation model 
is an articulated sel 01 hypo!hesis under Ihe lorm 01 variables and relalions befWeen variables, usualiy 
unfolding in lime. The project is developing a dynamic malhemalical simulalion model 01 land use in the 
Pucallpa area, which is still at lhe exploratory stage. A flow diagram 01 the lirst cut model is shown in 
Figure 3. Despíte its prelíminary nature, lhe process 01 building the model has already helped lo ídentify 
critical gaps in knowledge, gaps Ihat must be filled in order to anticípate the futura trajectories of land use 
in the region. 

The model is run in Ihe M environment, a modelíng and visual interface developed by the Nalional InstíMe 
01 Public Health and Environmental Protection (RIVM) 01 the Nelhertands. M is available freely lo CIAT as 
a consequence 01 pravious cooperation agreemenls, and 11 runs under Unix and under Windows 95 and 
NT. A sample output 01 the model appears in Figure 4. 

Connectlon to the Resllience Network 

The Pucallpa case study ls also Ilnked lo an internalional research project called the Resilience NefWork, 
a joint innovative research project by the Baijer Intematíonallnstitute lor Ecological Economics and the 
University 01 Florida, Ihrough my participation as a memher 01 Ihe NefWork. The Pucallpa case has been 
accepted as a case study 01 the Resilience NefWork; this will add new dimensions lo the project. 

14 
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Figure 3. Flow diagram of land use in a farm (Pucallpa) 
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Figure 4. A simulatíon run 01 tha modal 
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In lerms 01 resilience. Ihe Ucayali case ia inlriguing. The aondilion 01 Ihe socio-ecological syslem or total 
agroecosystem can be characterizad as one 01 unsustainable socio-economic stagnation leeding on a 
huge stock 01 natural capital and acting opportunislically upon economia openings that may ariss 
(economia booms, coca demando subsidies, etc.). 

:~-----.~- . 
11, 

I I t 

1I the system were confinad, ít would show íts 
unsustainabilíty very soon, bU! because of !he vast 
amounts 01 lorest and land at its disposal, it is able to 
deslroy resources and move lurther away. Seen in a 
hístorical perspective, the system seerns to exhíbit what 
may be callad a lorm 01 "perverse resilíence", maintaining 
or recuperating its condítíon 01 stagnation alter hlstorical 
booms (and soma downs), as íIIustrated in Figure 5. 
Despite being a lrontier ares with constant inllux of 
people, in the last 50 years the regional economic 
production did not exceed 0.9% 01 the national, out 01 
proportion with its resources and population. And 
average quality 01 lile is apparently decreasíng. 

! time 
'----~- _.-----~- -- ~---- .~ 

The system could go on indelinitely under !hose 
perturbations untíl natural resources become $Carce. 

Figure 5 

The slate space representation 01 the dynamics 01 !he syslem is 
illustratad in Figure 6. The thick solid líne represents the historical 
trajectory, with the level 01 developmenl increaaing inllíally (and natural 
resources decreasing). As dlscussed before, !he level 01 development 
seems rather constan! (stagnation) and I1 recovera alter perturbatíons 
(thin Hnes). The level 01 resources, however, keeps decreasing. It is 
Iikely tha! when resources start 10 be acaree (a sítuation !ha! may!ake 
20-30 years lo occur under present !renda) the system will fall Irom the 
,--- ----- -- ,current low-developmentlhigh resources 
I :,=:=...':!. .......... rsltuatlon to a low-Iow attractor, as Indicated 

I by the dotted line. 
I '\J 'The possible exislence of a high-

i .> lile developmentlmedium resource attractor is 
I • representad by the questlon mark in the 

upper part 01 the figure. 

,! ' 

:1 I 
.~ I 

\ / 

/ \ 

•• • ./ ,./ 

--. . "'-¡./ 
. /", . : 1'" L -'-_. __ 

Figure 6 

'. ' ~ 
l1li> lile I An alternative representation 01 the fall into the low-Iow attractor in givan in 

I Figure 7, in terms of a changing stability landscape. Here the stability landscape 
: itself changas with tha parameter NRc (or !he relative size 01 NO and NRc). 
I , , 

I .. s lile the economías. the behavior of lhe system may be subjected to dífferenl kinds 
, ~ lit should be noted thal under the new economlc globalization and opening of 

l ___ ._ _ J 01 perturbations and lose ita resilíance (Ior better or lor worse). 

Figure 7 Hlghllghts 01 \he Ucayall case 

In summary, and according to our present understanding (which ia still preliminary) Ihe lollowing 
characteristics encapsulates the maln aspects of Ihe Ucayali case: 

• Tropical agricultural Irontier area wíth external incentives lar colonízation 
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• Continuad immigration, non-rooted social $Iruc\ure, no historical identity 

• Stagnant economy, historically resilient to perturbatíons (differen! policíes, "booms· 01 products, violence 
waves) 

• locally unsustainable use 01 natural resources, "de$lroyand move" mode, feedíng on huge 
accumulatad natural capital (which could last 20-30 years) 

• Organizing principies (shaping torces) of land use/occupation: 

• river system 
• road system 
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AN OVERVIEW OF THE 
PUCALLPA-UCAYALI REGION, 

PERU 

Case Study Site 

Ernesto F. Ráez-Luna and Tamsyn RowIey 
May,l997 

CIQA.fundlld Speeial Ptqec!: "OeveIopmant and AppIication cA an integrated Ccncep1UaI Ff'8fOOWOrk ter 'fropicaI 
Agrotco$ystem RBI!$eetd'I bJsed Qn CQrnplex Sy¡¡tams 'Theorie&'1/ Ps... (formeriy P22): 'Suminabllit)' and LfW'Id Use I 

Dynamics In l.Jdín America" f'n:l;at.1, 

L~. . _______ ~_. ____ ._ .. ___ ....... ....J 

I 

I 

L 

This section provides a surnrnary 
introduction to the project's case 
study site. Basic descriptive data 

related to sustainability and 
agriculture in Pucallpa-Ucayali are 

presented here in the forrn of a 
sUde show. 

18 



PLAN OF THE OVERVIEW 

eContext 
eOescription 
eSocial Actors 
eR&D Background 
eSummary Diagnostics 

,------~~-~~- ~~~~---~~~~~~- ~~- ~~~~-~~-~~~ ~ 

The following slides of1er a 
geographic CONTEXT for 

the study site. 
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Ucayali Regíon 

The Ucayali Region 

Agua",.",,,,, 
.... l1.000sq Km 

~ 322.,0(X) inhabitarus 

The following slides offer an 
ecological and economic 

DESCRIPTION of the study 
site. 
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Natural Landscape 

• Lowland neotropical rainforest 
lO> Meandering rivers, oxbow lakes, swamps. 
lO> Floodplains: Along Ucayali river and tributaries. 

Entisols. 
lO> "Restingas" (occasionally flooded terrain). 

Mixed soils, entisols. 
lO> Upland terracas: Most of Iba study area. 

Ultisols. 

Source:Venekl ... 1997, 

,---_ ... _--~- ----_ ..... _._----_ ..... _- -_ ..... _ .. _-----, 
! 

Pucallpa-Ucayali elimate 
~r~~-=---------~-----. 

='tllHHHtH 
lO ' ... 1 -± 1 ... '1 

" JlinFtb .... fIIIy..b\ÁllAug&tpOdHtwDle 

III=::·~I 2m rmm,,---=_~~ ____ -----, 

150 

... 
5OL-~~~-:~~~~~~ 

JIin F.b __ Apt .. .kIn ~ ÑJg Sep. ()I;¡ t«w Oec 

¡-P ¡ ,1 
Scurce:-Tem~: MTA (1976-1QEn ~l ~ cIAr (25-.,...awragee.). 
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I-~"'~~'--"'~ _ ... - _ ... _~~-~~. ~~- ... _~_ .. -_ .. -- I 

. Biodiversity I 

• Not assessed. Thought to be very high: 
.. Perú eontains 23% of the known Neotropieal plant 

diversity (9% wOrldwide), coneentrated in the 
Amazon lowlands. 

.. Perú eontains 44% of the known Neotropieal bird 
diversity (18% worldwide). 

.. The study area líes nearby three elaimed Pleístocene 
refuges. 

• E and S of Pueallpa considered of highast eonsaNation 
pdority basad on spaeies richness and endemism (el 
1991) 

Summary History of Ucayali 

• Sjnce - 5 000 yap: Amazonian cukures, Hunting·gathering and low-intensí1y shifling 
agriculture. Occasional contllCt$ wilh Andaan cívilizatlons and Spanish conquerors, 

• 1B80s' 19:1Qo¡: Rubbor boom, Foundalion 01 Pucallpa (1888). 

• ~: Road Uma·Pucallpa (1943), Spontaneous ca_tioo Irom the highlands, 

• 1lIfiO!¡: Timbar extractoo stimulates colonisl eocroachment Improvement '01 road lo 
Lima.. Major colonizallOn __ by !he end ollhe periodo 

• 1 B80s • 197OS: Agro-sllvan economy _Jops. $ubeldy from nature. Catlle oumbers 
increase, 
.. 1965 - 1915- Peruvian Amazon: Fur and Uve animal trade. 
• 1970 . 1972: Peru: Nationalisl military govemment ,e-distributes lanct. 

• lJl!!Oli: Coca boom. Nation.level ecooomíc crisis (hyperinflation) and terrorist guerrillas. 
Generalizad abandoomant of lande (catlla numbors decrease), 

• 1llI!O!l: Control 01 ecooomlc crisis aoo terrorism, Land re-privatizallOn. Declines in coca 
production (1), Reclamation o! abandonad farmo (?) 



Ucayali: Demography 
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Ucayali: Demography 
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Ucayali: Economy 
GOP (1979 Constant Prices) 

N_Soles 
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$ource: ¡NE!. 1903, Cuentas RegIona!es. Ucayali. 

Dynamics: GNP vs. Ucayali's GDP 

(1979 Constant Prlces) 

5 rTh_o_u_sa_n_ds~(~ __ u~') __________________________ ~(Uca __ ~Y~-;Q 40 

4 

3 

2 

1 ! 

~ M ~ ~ ~ M ~ 96 ~ 00 00 00 ~ ~ 

I.;;¡.Perú .,. Ucayalí I 

25 

3() 

20 

10 



Ucayali: Contribution to GNP 

(1979 Conslanl Príces) 
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Seureo: INEJ, 1993. Cuentas Regionales: UoayaIi. (e. 4.1 & 4.2). 

Ucayali Economy: Eldraction Sector 

Sectorial GDP (1979 Constant Plicas) 
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Ucayali Economy: Importance of Timber 

Contribution to 1982's Sectorial GDPs 

Extraction 

Timber 
46.0% 

Transformatioo 

Crops+Uvestock+Game 
54.0% 

Sou!<:e: INFOR. 1_. Diagnóstico de la ActIvidad ForosIal dol Oo~ del.Jcayali. 
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Ucayali: Animal Proteio Production 

Thousands 

10.2546 
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Ucayali: Agricultural Production 
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Pucallpa: Land use pattern 

Land Use (% 01 area) in Cattle Farms, 1982 V$, 1996 

SOCIAL ACTORS 

• Govemmen1 
• Cen1ral (Uma-based top policy makers and technical stafl) 
• Regional (centrally-elected bureaucrats and technical staf1) 
• Municipal (democratically-elected public officersJ 

• Citizenship 
• TImber: axtractors (small f larga), industrials. mlddlemen; CNF 
• Agricultural producers ~nel. coca producers) 
• Merchan1s 
• Artlsanalllshermen 
• Drug dealers 
• Urban dwellers (jnel. displaced population in Pucallpa shantytowns) 

• Civil organizatlons 
• NGOs and grassroots organizations 
• Education and research organizatlons (Unlversity. research instltutions) 

... ---~---_ ..... _~-_ .... ~ .... _--_ ... _-- .. ------_ .. _----_ ..... ~ 
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R&D IN PUCALLPA-UCAYALI 

• NARs 

elnstitutions 
eAvailable Technology 
eTraditional Approach to R&D 

R&D Institutions in Ucayali 

• IVITA: Cattle production (since ~1983, small produeers) 
.. INIA: Cattle production. agroforestry. silvicultura 
.. IIAP: Researeh in natural resources, aquacull1lra. and agroforestry 
.. University of Ucayali: Agronomy and Forestry . 

• IAROS 
.. CIAT: Cattla production: foragas, degradad pasturas (small lo medium 

producers) 
• ICRAF: Agroforestry 
.. CIFOR: Garbon saquaslration markalS, managemanl of secondary 

forests. 
• Oevelopmenl Agencias 

.. IORC I CI/O: Agricultural raseareh; institutional development 
• UNOP: 011 palm (alternativa development) 
.. IICA-GTZ: Alternativa development 
.. USAIO: Control 01 coca production 

, .... , 

'---_ .... ~ ...... _._-_ .. _._ .. - ... _.-- .. _-----_._--' 
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Agricultura! and NN. RA. Technology in Ucayali 

• Improved grass-legume pasturas lar doubla-purposa eatlla 
.. CIAT !!VITA 

• Agroforastry: Reforestalion with timber and industrial specias, alley 
cropping (experimental) 

.. ICRAF - INIA, flAP. Raforestation Committea, 011 Palm Grower Asao. 
• Integrated Organlc Farming (aar!hworm-<:ompoat horticultura, 

aquacuflura, small farm animais) 
.. IIAP 

• Sustainabla I09ging and Silvicultura 
.. INIA - INRENA - ITIO 
.. CNF - Netherlands (secondary and "residual" forest) 

• Region-Ievel Sustainable Land Use Plana 
.. Regional government (1) 
.. Swiss cooperation / CDC-Peru 
.. IIAP and other 

R&D Traditional Approach 
(National and Intemational) 

e Top-down 
lo Farmer knowledge I rationality underestimated 

e Gender-biased toward males 
e Oriented to product maxímization 

lo Farmers' and regional priorities overlooked 
e Sectored, oligo-disciplinary 

lo Economic evaluation ofien missing 
lo Ecological evaluation always missing 
lo Context (nationall global) missing 

e Environmental ¡ssues not addressed 
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SYNTHESIS 

eSocioeconomics 
e Ecology 

.. _-_.~~-_._-_ ... _---- .. _- .. _ .. _~_ .. - ·_·~·· __ ·~_···_··1 

Pucallpa-Ucayali: Socioeconomic Synthesis 

• Agricultural frontier in the Andean (Westem) Amazon 
.. Colonist majority, unrooted and marginal. NaIive cultures declmated: 

'EcoIogical blindness' (1) 
• Uncertaln I Risk-prone environment (terrorlsml): RIsk averslon. 
• Subsidy & Boom-ilriented economy (cocal): Opportunism. 

- Subsldy from nature: timbar, fish, gama. 
• Diverslfied end uncertaln productíon. (Increasing agricultural prod,1) 
• L.ow Institutíonal development. Partícularly at grassroots. 
• L.ow market development. Extra-regional dependency (1) 
.. Extractíve. extensiva, low-technology productíon. 
• Labor and capital scarcity (1) 
• High relative povarty. urben-concentrated; although Iivelihood better 

than in highlands and larger cities. 
• Perú: Macro-economic bonanza. Neo-liberal poIlcles. Latent social 

violence. 
• WorId: New attitudes and posslbilitíes for holistic R&D and sustainablli1y. 
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Pucallpa-Ucayali Ecological Synthesis 

• Extenslllely explo~ed old·growth foresls, defaunated and 
wood-Impoverished (ganetlcaJly eroded). 

• Slowly increaslng deforastation (carbon emlssions). 
• Encroaching secondary growth and low-productÍIIlty pasturas In most 

densaly human·populeted area. 
• Extensllla loss of productÍlle capacity and economlc value of land. 
• Increasing uncontrolled fresh·water fisheries. Sellere rísk of 

over-exploitation. 
• The only region in the Perullian Amazon without protected areas. Three 

areas in Ucayall considered of hlghest conservetlon prlority (FANPE 
1996). 

• Pucallpa area considered environmantally critlcal based on 
deforestetlon, top soll eroslon and water pollution (UNCED 1992). 

SourQ65: Gon.zaJes 1995 In Hajek,! FANPE, 1996.. 81odivarsk1ad Biológica del Perú. 

L .. __ .. _~ ________ ~ _ ... __ ., ___ _ 
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The State of the Fisheries in the Peruvian Amazon 
Humberto Guerra Flores, IIAP 

The text below and Figures 1, 2, 3 and 4 are adapted from Ihe presentabon given by Humberto Flores. 
Particular emphasis was givell to dala describing the case study site, Ucayali. 

Aquaculture in the Amazon 

Aquaculture Infrastructure in ¡he Peruvian Amazon in 1990, 1992 and 1996 

Region I No.ofPonds I Area (Ha) 1 
I 1990 I 1992 1996 ! 1990 1992 . 1996 i 

San Martín 
I 

224 I 789 i N/A ! 114.7 271 300 ! 

75 135 N/A ¡ 536 
.-----i 

125 ! Ucayali ! 92 
Loreto 118 286 N/A 34.8 90.4 r . 16()l I i I 

~. ._~. 

J 203,1 I 
.. 

I Total I 417 1220 I N/A 453.4 585 i 
~-'~ 

. ...J. 

Cultivated Specles 

Colossoma macropomum 
Piaractus brachipomus 
Prochildus nigneans 
Brycon ery!hropterum 
Pseudoplatystoma fasciatum 
P !igrimun 
Macrovrachlum spp, 
Pomacea callaliculata 

Sarotherodon niloticus 
S, hornorum 
S. aureum 
Tilapia rendallí 
Cyprinus carpis 
Ctenopharingodon idella 
Hiphophthalmichtys molitrix 
Macrobrachium rosembergii 

Aquaculture Program tor lhe Amazon 

The development of aquaculture projects are designed to meet lhe demand lor fish tha! canoo! be met in 
the lower jungle as well as the low or almost non-existen! supply on the higher jungle, The program 
hopes lo create various technological packages ¡hat ean be adopted by differen! groups of people, 

I sRca1e F '1 _LELevelof lntensifi(;¡3~()"'_~~--.J Methods .~ ... ~ 
L utal: ami y I xtensive___ ¡ Mon~cultlJre . 
I RUral: Communal i Semi-intensive ! PQlycult~_~._~ .. ----j 
l~C~orn::.:m.:.:e:::.rc:::i=-al,--_______ iLI::.:n:::te:::.n:.::s:.:::ive . i Associated? ----; 

35 



~ . . 

I Figure l:Annual Fishing Activities in the Amazon 
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Figure 2: Total FI.h Catch In Loreto and Ucayall Reglon. 1981·1996. 
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Figure 3: Percentage of Prochllodus nigricans of Total Fish Catch: Pucallpa 1980-1992 
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Drugs, Producers and Decision-making 
Eduardo Musso 

1. The Coca-Cocalne Complex1 

al Nobody knows how to solve the problem of the iIIegal coca produolion. 
b) The problem concenlrales in rural areas of tropical ralnforesl reglons. 
ol More than 20 years of ínlervenllon has lead lo Ihe conclusion !hal Ihe coca-cocaíne problem ía 

híghly complex. 

2. Characterizatlon of Economlc Acto ... 

al In !he ooca terrítoríes Ihere exist three types of economio aotors engaged in the generatlon of 
agrieultural productive processes: NATIVES - PEASANTS - ENTREPRENEURS. 

bl Agrioultural producers are somewhere in between these !hree types. There are no! pure 
instan ces of specialized agrioultural producers. 

el Native-Peasan! actors follow a paradigm based on Procesa, Con!ext and Space. 
d) Peasant-Entrepreneur actors follow a paradigm based on Product, Conten! and Time. 
el Coca prod ucers are besl oharacterized as Peasants. 

3. The Peasants 

al Firsl-Io-second generatíon colonial migranls from Ihe Sierra (Andean hlghlandsl· 
bl Agricultural producers without capital. 
ol Engaged in simple productive processes only. 

4. The Ucayali Reglon 

al Extremely low demographie density. 
b) Extensive territories susceptible to oolonisl invasion. 
el Almost total absence of modern eommunieations and transporto 
d) Inadequate legal framework for socioeconomie development. 

5. Own Labour as the Maln Economlc Resource 

a) The economics of agrieulture Is based upon seasonal and blologíoal time frames thal are hard lo 
manípulate. 

b) labour cannol be accumulated [ít has lo be used whenever available]. 
ol Natural resources are avaílable for free [no monetary value]. 

6. Productiva Strategles 

a) Diversified productlon. Differen! products are not necessarily grown on the same plo! [John 
Murra's 'vertical agriculture"]. 

b) Maximization of the use of own labor [core and extended family members). 
e) Maximization of labor-related profits. 

7. The Economlc Attltude 

a) Money is conoeptualized as a means of exchange rather than as a measure of value. 
b) Expenses USed as an objective indicator oftotal costs [other costs are not considered]. 
e) Marginal ¡ncome of labor USed instead of profils on invested capital [to assess economie gain]. 

I See Figures 1, 2 and 3 
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FIGURE 3: FUNDAMENTAL AREAS AND ROLES IN PERSONAL DEVELOPMENT 
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The Forestry Industry in Ucayali 
Miguel Ara, CODESU 

1, The Resource Base 

01 the total area 01 more than 10,000,000 ha, 7,430,000 ha is considered suitable lor extraction 01 
timber. Geomorphologically this area is represented by high river terraces, and low and medium 
hills. When taking into account only the tree species currently under commercial use, the potential 
logging volume 01 this lorestry area is approximately 195,800,000 m3 01 raw timber. 

Although more than 60 treee species are processed in Pucallpa, five species make up 65% 01 the 
raw timber volume. 

Most 01 the raw timber that enters the saw milis in Pucallpa, comes Irom the south-east 01 the 
Ucayali region. Tamaya, a basin located to southeast 01 Pucallpa, provides 22% 01 the timber. The 
upper Ucayali (Pucallpa-Bolognesi and Bolognesi-Sepahua) provide 27%. Approximately 12% 
comes from the lower Ucayali. Only a small portion 01 the timber processed in Pucallpa comes lrom 
the Aguaytfa basin (10%). 

Origin: 

2, The Industry 

Tamaya 
Alto Ucayali (Pucallpa-Bolognesi) 
Alto Ucayali (Bolognesi-Sepahua) 
Bajo Ucayali (2 de Mayo-Pucallpa) 
Carretera 

22% 
16% 
15% 
12% 
5% 

Almost exclusively the lorestry industry is based on the processing 01 raw timber. 01 the 256 saw 
milis, 174 are dedicated to sawing and planing and 54 are only sawing. Other processing tha! 
results in greater value added are parquet manulacturing (15 milis) and triplay manulacturing 
(5 milis). 

Most 01 the milis are individually or privately owned. They are located in the industrial suburb in the 
city or along the Manantay river, near Pucallpa. 

In 1996 the value olthe raw material extracted and processed was US$21, 300,358, whereas the 
value 01 the processed products lor the same period was US$39,041 ,000. In terms 01 the 
contribution 01 the lorestry sector to the regional Gross Product, the two components, extraction 
and processing contribute 4% and 18% respec!ively. 

Activity 

Sawing and Planning 
Sawmilling 
Parquet manulacturing 
Barking and boarding 
Triplay manufacturing 
Wood, cork and straw products 
Furniture parts 
Other products 
Total 
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Number 

174 
54 
15 

5 
5 
2 
1 

20 
256 



3, Problems Faclng the Sector 

II is the general perception that the main problems of !he foreslry industry of Ucayali are 
(a) obsolete technology, (b) inadequa!e legal and administrative framework, (e) inadequate 
markets. (d) lack of eredit. and (e) lack of entrepreneurship. 

(a) 80th extraction and processing lechnologies in Ucayalí are obsolete, Mas! of the logging ia 
done with chain saws and Ihe logs are brought lo the rivers and creeks by hand. In the saw 
milis !he tool5 are not diversiñed and therefore often Ihe same tool is used for different types of 
processing. This results in a very inefficien! sector in whích as mueh as 50% of the timber is 
residue. 

(b) There are many legalloopholes in acquiring logging concesslons and contracts thal 
consequently make admlnlstration and regulaban of the industry very difficu~ for the Regional 
Ministry of Agriculture. Forestry extraction can be done under Extraction Permissions of 
Extraction Contraets, Extraction Permissions allow farmers to lag and clear the area, the inltial 
step in !he slash and burn cycle. Rarely are !he logged areas tha! fall under this category 
recorded. Extraction Contracts are actual logglng contracts attained by companies, There are 
no protected areas In the region, Currently 57% Is available for logging by private companies 
and thare are only Iwo areas undar Iha Nationai Foresl Regime, which Involva extraction but 
undar special administrative condltions. 

(e) Marketing tends to be inefficlent and complex. There are many actors wlth significan! power 
and knowledge Inequilies among them. Market information regardíng supply anó demand and 
market príces are generally unavailable, This is especially the case for the extractors, those 
wíth the least negotiating power. 

(d) Credi! is often unavaiiable tor extraetion activíties. Occaslonally those eXtractors who also own 
saw milis are abls to receive eredit, however this occurs only iO% 01 the lime and under striet 
guarantee requlrements, 

(e) The lack of entrepreneurship has been emphasized as a signlflcant problem in the sector. The 
refusal lo invest in technological innovations and the Inabílity lO promote new market 
opportunilies are two maln componenls of !he problem. 
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The Use of Natural Resources in the Amazon Region of Pucallpa 
Ricardo A. Labarta, ICRAF 

Introduetion 

Pucallpa is the capital of the Ucayali Region, located in the Western Peruvian Amazon Basin. Pucallpa is 
at 154 m.a.s.I., has an average temperature 01 26 degrees C, annual precipitation of 1800 mm, and a 
population of 172,286 . 

The population ofthis Region has one of the highest growth rates in the Amazon Basin. In the recent 
years Pucallpa's population has increased 5.3% each year (INEI1993). Similarly, the economic activities 
in the zone have been increasing. In the Ucayali Region there are four important activities of resource 
use. They include; forestry, slash and burn agriculture, livestock and fishing. 

The interaction between human and the nature is at present producing a number of serious concems. 
Global problems of deforestation, green house emissions and biodiversity 1055, create much contention 
regarding land use in the Amazon high fores!. It is therefore important to understand the biophysical and 
socioeconomic processes that are a product of the intervention 01 various economic agents in the 
Amazon high fores!. 

This presentation describes one of the main economic activities in the Ucayali Region, shifting or slash 
and burn agriculture. The different economic agents involved in this activity and the interrelation between 
activities and economics agents are explained. This information is based on on-farm research conducted 
by ICRAF's of approximately 800 farmers in the region. 

PUblie Polieles Affeeting Eeonomie Aetivities in the Peruvian Amazon Region 

Governmental policy in Peru has been one of the most important lactors that has infiuenced the 
settlement process in the Peruvian Amazon Region and the development 01 the extractive and 
productive activities in the region. There existed 3 different periods, each driven by different developmen! 
paradigms. 

1. "The settlement polieies" (1960-1980). During this period there were several governments that 
ranged from left-wing to liberal and moderately right-wing. These governments believed that the 
Amazon Region would solve the problem of national food security and contribute largely to the 
development 01 the country. The principal policies in this period were: 

Construction and improvement of penetration roads into the Amazon Region. 
Exoneration from various taxes of the region. 
Selective credit for specilic economic activities (Iike lorestry) 
Improvement of!he basic infrastructure in the region (ie. schools, electric energy, ) 
Technical assistance for the local producers (given by INIA, Ministerio de Agricultura). 

2. "The proteetionist polieies" (1980-1990). This period is characterized by democratic governments 
facing several challenges and increasing popular demand for a lower cosí 01 living and greater 
employment opportunities. Social violence and the coca economy were other important factors tha! 
inlluenced this periodo The main policies were: 

Increase in the exoneration of taxes for the Amazon Region 
Strong protection of domestic production (high import taxes, tariffs). Particularly after 1985 
Credit subsides for specific annual crops; rice, maize, and beans (selected by govemment with 
the criteria of strategic products for cities and industries). In real terms the interest rate was 
always negative. 
Prices guarantees for the producers (higher than market prices) and controlled prices for the 
citizens (Iower than market prices). 
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Subsides for agriculture inputs (fertilizer, etc). 
Governmenlal monopsony lar some annual crops (ensure market) 

3. "Stabillzation of the Economy" (1990 till present). The previous policy period caused significan! 
problerns lor Ihe national economy. These includad; distortad market prices, hyperinflalion and 
govemmenl debí. In addítion social violence was increasing. In 1990 Fujimori instituted a dramatic 
program, intended lo stabilize and liberalize Ihe economy, Ihat sen! major shocks Ihrough the 
country. Some of the principal policíes Ihal affected the Ucayali region were: 
• Elimination of all subsides in the economy 

Prices determined by Ihe market 
Liberalization 01 intemalionallrade(raductionoltaxes.eliminationoltaríffs.elc).This meant Ihe 
entrance 01 products wilh less expensive prices. 
líquidation ollhe Banco Agrario, the only souree 01 eradit lor the tarmers. Sinee 1991 there are 
nol alternatives lor eredil lor the producers in the region. Commercial banks are not an available 
oplion. 
Huge increase in !ransportalion costs. Gasoline increased 30 times (form US$ 0.10 lo US$ 3.00). 

The Migration Process in the Amazon Region of Pueallpa 

The different policies previously deseribed determined to a large degree the process 01 selllemenl in the 
Amazon region. Pucaflpa's populalion rose from 2,000 lo 200,000 from 1940 to 1990. At Ihe beginning 
of Ihis period Ihe population were moslly native (Shipibo-Conibo group) bul currently the colonists make 
up Ihe majority of Ihe populalion in the region. Most colonists on average have spenl less Ihan 30 years 
In Ucayali. 

The principal causes ollhe migratíon process can be summarized as: 
Scarcity 01 lands lor cullivalion in olher regions (particularly Ihe Andean Regíon) 
Increase in coca produc!ion. Ir. Ihe lower Jungle this activity demands much labour and provides 
high revenues to producers. 
Increased aclivity in Ihe lorestry sector. This is Ihe mosl importan! activity in Ihe formal economy. 
Explici! policy of Ihe goveromen! tor the settlement and developmenl 01 the Amazon Region. 

However, Ihe settlement process was nol homogenous and among the colonists there are different 
groups wíth differenl characteristics: 

a) Colonists from direct migration. They came principally from Ihe Andean Region and Irom Ihe Pacific 
Coas!. The first group has agriculture experienee bu! do nO! know much about Ihe local 
agroecological condilions. They have lo adapt part of Iheir lradilional technology lo Ihe new 
condilions. The second group does nol have agricultural Iradilion and also they are not accustomed 
to Ihe special agroecologica! conditions of Ihe jungle. The main reason for their migralion is coca 
production and timber extraetion. 

b) The colonists of second migration. They carne principally from Ihe Selva Alta (high jungle) . Their 
parents have come originally from Ihe Andes. They are awars of Ihe iocal agroecological conditlons. 
The process of adaptation for this group was easíer to Ihe conditions ollhe Selva Baja (Iower jungle) . 

e) Colonist Irom internal migration. They are colonlsts established in Ihe Selva Baja belore. They 
ehange their actuallocalion lor different reasons: beller integration wilh regional markets, searehing 
beller roads, flooding 01 their farms, decrease 01 the soil productivity, etc. 

This selllement process has had negatives social impacls. Mosl 01 Ihe native groups have disappeared or 
!heir societies have been undermined. On !he olher hand, the new settlers or colonist have not ímproved 
Iheir economical social and environmenta' condilions 01 living. (Brack 1994). 
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The Principal Economic Activities In the Ucayall Reglon 

1. The Forestry Industry 
2. The Slash and Burn agriculture 
3. Livestock 
4. Flshlng 

In many cases, all of these activilies are practiced by !he same producer with a ra!ionalily of minimizing 
risk. Bu! also there is specialization In all of !hese aetMtles that implies specific agenls with specific 
behaviors. This presentalion centres its descríption on slash and burn agriculture. 

Slash and Burn Agriculture 

This economlc aclivity is responsible primarily for deforestation in the Amazon Region. Land is clearad for 
crops and left to fallow afler harves!. Over time land productivily declines and more land is needed to 
malntaln the same level of ou!put. 

The Ucayali Reglon IS eharacterizad by predominantiy small farmers. However the concept of amall 
larmers is not based on!y on the size of !he farm. II is more Importan! to know the real productive eapaeily 
01 a family with glven production factors (labour, capital, teehno!ogy). Also il is important to keep in mind 
Ihe fragility of Ihe solls. Taking this kind 01 eharacleristícs the larmers in the Region are principally small 
wilh less Ihan 20 heetares. 

Aetually in the Iypical zones 01 slash and burn agriculture, Ihe farmers manage farms with 22 heetares 
and have under produclion 28% of !his area. The land uses in this area can be divided in annual crops, 
perennia! erops, pasture, fallow and primary disturbed forest. 

Five diffarent groups 01 producers can be identified: 
The cattle ranehers settled along the main road. 
The slash and bum farmers of the uplands. 
The slash and bu rn farmers of the rivers 
The farmers with prineipally perennial crops 
The natives a long the rivers 

All 01 them have particular conditions and plan their investments depending on their localion, the 
agroecological condilions, the road and marke! accesslbilily, ele. In each farm, depending on the 
described characteristics, lhe producers of slash and burn agriculture have 3 Iypes 01 aclivities: 

The production 01 cash erops. This inelUdes annual and perennial erops. The principal crops are 
rice, maize, exotlc truits, etc. 
The production 01 sorne erops are for family consumption. In this group cassava, planta in and 
native fruits are the mast important However in a recen! study, plantain has the most important 
economic value for the farmers and it Is the main so urce 01 cash income among the familias in 
the Region. 
Complementary activities for gel cash resources such as fishing, temporary jobs, etc 

The average farmer starts the agricultural cycle in June, taking the decision 01 the use of new areas (from 
high forest and fallow) and the quantily of land helshe needs. They will select different land uses and 
several crops as they have an explicit strategy 01 spreading risk through diversification. One of the most 
important factors in the decision maklng process is labour demands. Each year an average farmer 
slashes and burns 1 or 2 hectares from the high forest and a similar amount from fallow. In both cases 
the main objeclive is annual crop establishment. 

For eropping after forest clearing, the farmers prefer rice and for the cropping afler fallow maize or 
cassava. Mos! farmers usually associate the main annual erops with cassava or plantain. A new area Is 
usad on average for 2 years. After the crops the land is put in fallow. The perlod of the fallow depends on 
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Ihe Inlenslty 01 Ihe land use 01 each farmer and ranges from 2 years lo 10 years (lhe average ia 3,5 
years), In recenl years land preasure has been increasing and Ihe period 01 Ihe fallow is shorter. Thia Is 
due lo decreasing 5011 productivlty, the lack 01 new areas w1th high foresl in the farms and a decline in 
crap prieas, 

Afler the fallow period the local farmers have 4 ways to conlinue tha land use: 

To continua Ihe agricultura cycla, slashing and burnlng the lallow and establishing annual erops, 
bul wilh !he expectation 01 less yields 
To eslablish perennial crapa, especially, exotic fruits. Tllis lend use lel!ha tarmer has en 
alternative sounce 01 income and avoid the hlgh demand on larm lar the family labour. Other 
kínds 01 trees have conslralnts for lhelr establishment because they have a long period befare 
Ihere are returns on !helr investment (Brodie and !.abarte 1997). 
To establlsh pastura with Ihe purpose 01 become a callle rancher or to have an allernative souree 
01 farm income, 
To establish pasture or other type 01 cover far keep a 101 eleared and in some way wilh the idea of 
a short improved fallow. The use 01 the legume kudzu js the besl example in Ihe region, 

In spite 01 !hase olher land uses assoeiated wi!h slash and burn agriculture, larming is on the whole 
unprofitable, and farmers continue practicing Ihis land use and continue encroaching on Ihe rain fores!. 11 
economically speaking slash and burn agriculture is not profitable, Wh'l do mas! 01 larmers continue wilh 
this activity. The answer is complicaled bu! there are several causes that drive the farmers in this 
direction: 

!.aek 01 flexibility lor other land uses. There are nol alternatives lhal provide better land 
productivity for larmers, Alternatives lika agroforestry are having a 101 01 problems and farmers 
are not adopting these alternativas, 
Aclivilies lika coca produclion and i/iegal timbar extraction generale dislMion among the local 
familyeconomy. 
Government policies Inal encourage farmers lo slash and burn agriculture, 
Finally Ihe mosl important reason; the subsidy 01 the family labour lo the productive process. The 
use al lami/y labour allows !he fami/y lo continue an almos! economically unviable activity as the 
labour is available and involvas no cash outlays, 

The Land Market in the Ucayall Region 

The main characteristic 01 Ihe region is the avai/ability of land. The local larmers and naw colonists view 
the rain forest resourcas as infinite. Thera is a relative scarcity 01 land near !he principal cilies and near 
the main roads 01 !he region, bu! the idea 01 the abundance olland is conlinually presen!. 

lnitially all!he land in the high loresl was owned by the governmen!. The use 01 ¡he land starts with 
timber extraction. The Government gives to the timbar extractors some licenses far the exploitation 01 
timber, Afler a period the land returns lo the "Government conlrol", The limbar extractors use the existing 
roads and bulld new ones for Ihe far lands. Afler the exploitation 01 timber, the colonists begin to take 
possession 01 the lands using !he old and the new roads constructed. When Ihey arTive to Ihe land they 
do not have !he aulhorization 01 Ihe Government. First they define Ihe extension of the land they want to 
have. WlIh increasing social pressure, Ihe Government gave them a speclal aulhorization called 
"Certificado de Posesion°. Wlth this document, Ihe larmers could aocess to credit and other 
governmental programs. This procesa meant Ihe land had no cost lar the farmers. 

With Ihls Certificado de Posesion farmers can sell and buy ¡and, bul never transfer the ownership 01 the 
land, When a larmer bought a farm they are only buying the right 01 use of the land. These sales and 
purchases were Ihe causes 01 constant mlgration in the zone. 
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Land prices are determined by the market. Among the larmers Ihe mos! importanl characteristic ie !hat 
the cleared areas or fallow have more value than the primary lorest areas. This responde lo the need lo 
save labour costs (the mosl $Carce factor on farm). In a lasl survey taken by ICRAF, it showe !hat some 
farmers gi\le a value 01 US$40 lor a hectare 01 primary fores! and a I/aiue 01 US$ 80 for a hectare of 
fallow. In addilion, Ihe prices 01 the land depends 01 !he presence 01 perennial crops, Ihe establishment 01 
pasture, the proximity lo Pucallpa or lo a roed, etc. 

Only Ihe Cattle ranchers have an official ownership ollhe land. The res! 01 the farms only have 
certificado de posesiono The Government has started a new program for gil/e official ownership 01 the 
land lo all 01 the producers. 

The Labour Market 

In this market the labour supply is very heterogeneous. Another characteristic is that the labour market for 
non agriculturallabour is reducing, because !he public employmenl and other sources 01 employees are 
decreasing after the stabilization 01 the economy. The majority 01 !he urban workers are in the 
undergrou nd economy. 

Related wilh !he activities linkage wilh the natural resourees use, the limber industry demands the most 
quantity of employees for the sawmílls and lor indlrect services. In agriculture and in olher extensive 
aclillíties Ihere is a lack 01 labour mosl 01 !he year, but the capacily 01 employment 01 the rural families is 
reduced. This low real demand for labour has kept the salary al a very low level (Irom 2 to 4 US$ per 
day). 

Agriculturallabour ie provided mainly by the family. Also wilhin the community there is a reciprocal 
system in which they share labour resources and exchange time on each larm. This is called Chova
Chova or Minga (two quechua words). These ara two old labour systems practicad by the Ar.dean 
cultures. These systems function very well in non market labour systeme Paid workers are used as a 
last re50ft. 

Family labour is the main factor of the productive uni!. The falher, !he mother and children over 14 years 
participate. The children from S to 14 years combine agricultural tasks with school. The father and the 
sons slash the new areas, control tor weeds and harvest the crops. The wife and daughters have 
domestíc tasks and support the men in the crop harves!. The children ycunger than 14 years participate 
in the weed control. 
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Key Ecological Processes in Ucayali 
Erik Veneklaas, CtA T 

Short ecological characterlzation of the Pucallpa area and 'envfronmental serv/ces' 

The study region near Pucallpa is located io Ihe Peruviao Amazon, The climate is hot and humid wi!h an 
annual precipitation of 2000-3000 mm and a dry season of abou! two mon!hs Three physiographic units 
are distinguished. which differ in land use patterns: (1) the floodplain, wllh a strong influence of Ihe rivers. 
annually flooded. with relatively fertile soils; (2) the resling a, which i$ pa!entially flooded for a short 
penod; (3) the upland terraces, !he mos! extensive, leas! ferole and moisl parts. Tlle conlingenl valuatlon 
study was limlted lo Ihese terraces, Soils here are acid and low in nutrients (Ultisols). 

The area has been coloniZed several deeades ago and is connected by a road lo lima. There has been 
a strong human ínfluence tor many years: the landscape is a mosaic of forasls, fallows, eropped fields 
and pastures. There are no primary forests left: they are either explolted (impaverished and disturbed 
due lo timber extraction) or secondary (regrowth on lands where eleareuttíng and io mos! cases eropping 
has takeo place). Annual crops are grown after slash-and-burn of forest or of youog fallows, and lands 
may relurn to secoodary foras! or be converted to paslura. Thís pattern of land use is unsustainable; 
Ihere wlll be inereasad pressure on fewer and younger lallows which upan slash·and burn will be less 
productive becausa soil lertilíly is not reslored. Tlle final de!\tiny of most land will be (bad) pasture. 
Rehabilitation of these lands would requira big inputs tor many years. An allernatlve land use, 
agroforestry, IS expected to extend the productive penod of land without depletíng the soll rasources. 
This would reduce the pressura on Ihe land per uní! agncultural/economic outpu!. Othar alternatives like 
silvopastoral or agropastoral systems were not considered in the presenl study. bul some research is 
being done in the area, 

Loss 01 productive capacily (degradation) is a serious problem in the area. Other negative effects 01 
current land use (particularly 01 deforestatíon), although more 01 a global nature, ara the loss 01 
biodiversily and the ernission of carbon There are no big immediate environmenlal problems líke 
eros ion, paUulion elc. Deforeslation may lead 10 hydrological changes. but water availabílily is nol often a 
problem in this humid climate. Floods occur in Ihe lower parts but are accepled as part ot Ihe system and 
presumably contribule lo soU fertilily. An effect ot land use on regional elimate is very difflcult lo predict. 
However il rainlall wera lo decraase, the impact in this region would be patentially greal becaúsa il would 
extend the lenglh 01 the dry season. Erosion does nol seem lo be a big problem, presumably becausa 
¡he land is relalively flat and seldomly withoul plant cover. Water quality is no! greatly affecled by 
agriculturalland use; the use 01 pesticides and fertilizers is limited. large scale conversion 01 the land 
into cropped fields or pasturas mighl increasa the risk of pests and diseases as a result of raduced 
possibility tor biological control. Al presento however, Ihe landscape is still quite diverse in terms ot 
different agro-ecosystems. 

As to the conservation 01 natural rasources and environmenlal services in Ihe region, we suggest Iha! !his 
can be accomplished by the praservation 01 sorne fores! areas (which have Ihe patential to remain or 
develop into a state similar lo pnmary forast), as welf as the adoption 01 agrolorastry practices. In lhat 
way, mos! species could be conserved, and Ihe biophysical processas would be lítlle eflected. For 
example. observations in !he area (Fujisaka. Escobar & Veneklaas in prep) show !hat plant community 
diversily 01 exploíted lores! is still high, and even fallows retain many of the forest specíes. Dala on 
amounts 01 carbon sequestered (Riese et al in prep) suggest that the primary forest contains some 180 
tons C per hectare aboveground, Crops and pastures are an order 01 magnilude lower. For carbon in the 
soil (about 100 ton per ha in pnmary forest) Ihe difference js in the order of 2:1, logged-overforest and 
agroforestry lands should be expected lo be íntermediate batween prímary forest and cropslpastures, 
depending on thejr age and the amount 01 materials extracted, Agroforestry ayslems, especially mulli· 
store systems which mosl resemble natural forests in Iheir structure, are characterized by a more diversa 
and balanced use of the soíl resources and by more efficían! recyciing than in cropped fields or paslures, 
thus mainlaining the produclive capacily of the land rather Ihan degradmg íl. 
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Most relevant &Cologleal proeesses In the Pueallpa study area 

The lands around Pucallpa are clear-felled or logged-over fores! ands in differen! stages 01 secondary 
succession. There is a diversily 01 land uses, ranging from foreslto crops and grassland. This is the 
consequence of thrae main aclivities: tímber extraclion, slash-and-burn agriculture and caltle ranching 
(often in that arder but nor necessarily). The landscape ís stíll diverse in terms of agro-ecosystems, and 
the near-natural and secondary forests are still diversa in species (wilh Ihe exception of valuable timber 
and game species). 

I consider there are few immediale environmental problems like erosion or pollution. Tlle main problem is 
Ihe unsustainabilily 01 cropping and pasture practices. There will be a gradual decrease of productive 
capacily in which Ioss 01 nutrients and compaction of soíls are important factors. The likely resull ís 
increased pressure on the remaining fores! and further extension of dagraded unproductílle lands. 

There are aspects olland use that may be considered ecOlogical problems like biodillersily 10$s and 
carbon emission, bul Ihese are mainly 01 a global nature. I expect few consequences at the locallevel. 

In ecological terms the productívíly condílíons are favorable, as shown by the biomass production 01 the 
primary fores!. The cUmate (precípítation, temperature, etc.) favors productíon. The soils have problems 
bul ín the natural loresl these do not seriously limil its funclíoning. The problem is tha! Ihe lunctioning 01 
Ihe natural ecosystem depends on a delica!e ínteraclíon of Ihe vegetalion and soíl organisms. No 
agricultural syslem has been found Ihat adequalely simulates this, or provides anolher stable solutíon. 
There may be two options: high Intensily - low frequency inteNentions like sISlsh-and-burn agriculture (Ihis 
system is collapsing due to shortening 01 fallow periods. í.e. íncreased Irequency), or sorne stable 
eonlinuous system in whích outputs balance inpuls. In Ihe lalte case Ihe soil nutrienls are probably Ihe 
limiling faclor. 'Natural' nulrien! inputs are smal! due lo low soil reseNes, meaning thal sustainable 
produclion can only be high il nutrients are added to Ihe system from oulside. II fertilization ia not 
feasible, suslainable syslems are bound lo be low-input-Iow-output systems. Perennial crops and 
pastures may be examples. II is expecled Ihal !here will be advantages lo !hese 'crops' being usad in 
agrolorestry or silvopasloral systems, which resemble more !he natural ecosystem. 

A critical process that musl be maintained by any land use in order lo be sustainable, particularly in 
regions like the study area, Is Ihe cychng of nutrients. Losses 01 the nutrien! stocks (which is coupled with 
the organie maller content) in the soil musl be avoided. The presence 01 a healthy communily 01 soí! 
arthropods and microorganisms should guarantee efficient lumover 01 lilter inputs and efficient cycling 
(closed cyeles wilhout losses). The lIegelation musl be contínuous and in goad condilion lo guarantee 
immediate nutrien! uptal<e. 

We lack understanding about Ihe faelors !hat determine Ihe fate 01 abandoned or badly managed lands 
(crop fallows or pastures). Severely degraded lands may nol develop mote Ihan a sparse vegetation 
cover. Less degraded lands may be invaded by 'weeds' and eilher devefop a persistent species-poor 
(shrubby?) vegetation or gradually develop into secondary fores!. The likely delerminants are soil 
ehemical (nutrients, pH), physical (campaclion) and biological lactors (decomposers, mycorrhizae) and 
the seed bank and seed ¡nflux from surrounding lands. 
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Dual-Purpose Cattle Production in Pucallpa2 

Federico Hollmann 

Dual purpose cattle production is an important activity of small farmers in mos! regions 01 tropical Lalin 
America. However, traditional systems are often marginal in an economic sense (Riesco el al. 1982) and 
follow land use practices thal are nol considered sustainable in Ihe long termo In particular, Ihis applies lo 
dual purpose cattle production in Ihe forest margins (Toledo and Formoso 1993). The majn limilalions to 
inereased produclivity are Ihe supply and quality offeed, the mílk production po!ential of the animals and 
management. Research has identified improved grasses and legumes with Ihe polent!al te ¡ncrease 
livestock produetívity par uni! area of land (CIAT 1992). This would allow altemative land uses to 
lives!ock on the more fragile areas 01 ¡he landscape. They can be integrated wilh annual crops (Thomes 
el al. 1995) or tree crops (Veiga and Serrao 1990) es a component of sustainable land use systems. 
Major limitations to widespread adoption are lack of information on their uliUzalion and integratlon into 
existing feeding systems, and demonstrated economic viabitity. Further, as small-holders are frequently 
involved in mixed crop-livestock systems. decision-making about resource use is a complex process. 

Meat and milk are considered a basic part 01 Ihe die! in Latin America (JalVis 1966). There was a 12% 
delleit in milk produc!ion from 1984 to 1991 (CIAT 1993) and a large defici! 01 both meat and milk is 
forecasl by Ihe year 2000 (Rivas 1994). Dual purpose cattle conslitute 76% of Ihe total cattle and 
produce 41% olthe milk in Latin America (Rivas 1992). 

Paslure is the dominan! leed for cattle in Ihis regio n bu! quality 15 low and leed shortage occurs with long 
dl)l seasens. Improved legumes and grasses 01 high quality have the potential to increase beel and milk 
production (Lascano and Estrada 1989; Lascano and Avila 1991). These legume-based pastures have 
been shown to contribute to more sustainable land use through N fixation (Thomas el al. 1994), rapld 
turnover 01 P (Oberson et al. 1995) and increased scil biolagical activity (Decaens et al. 1994). 

The key lo inereased productivily is research lo develop feed production and uliliZation strategies tha! will 
allow improved farages to be combined wilh natural torages in order to optimiZe Ihe use 01 both lo 
overcome nutrient deficiencies. This is a strategy Ihat takes into aecount Ihe oplions tor animal genotype. 
land use and the ability of !he farmer to implemenl Ihe new technology. 

In the tores! margins (defined as areas eleared trom prímal)l forest), milI< produetion ia limited by the 
quality 01 Ihe forage and the ability lo mainlain sustainable and productive pastures (Toledo and Formoso 
1993). While these areas are also used tor annual and perennial erop production, no one system is yet 
considered sustainable in !he long lerm. Thus as well as investigating Ihe potenlial for legume-based 
lorages lo provide a higher quality 01 diet, there is also Ihe need lo evaluate whether Ihey are 
economically and environmentally sustainable and to what extent they complement other componenls in 
a produclion system. The Pucallpa region in Peru has been seleeled as a benehmark site for Ihe lorest 
margins. It was selected because 01 pravious research on developmenl 01 legume and grass forages for 
the area (Reategui el al. 1995) associated with ecoregional research thal is being conducted by Ihe 
members of the Alternative to SIash and Bum (ASB) consortium and because 01 the capability of local 
institutions 

The goal ot the Tropíleehe Project al CIA T is to improve the produetion and utilizatlon of feed resources in 
a sustainable manner through improving leed quality and supply, developíng leeding strategies in crop
lívestoek systems, improving soil productivity and mitigating soil, pasture and ecological degradation. 
More specifically Ihe Project intends lo determine how to increase efficieney in the use 01 lorage 
resources tor milk and beel production, identify the potential 01 differen! forage resources lor increasing 
milk and beef production and provide information on Ihe demand lor, acceptability and environmental 
impact on new forage sys!ems. 

, Additíonal material from "Improved Legume-Based Feeding Syslems for Srnallholder Dual·purpose Cattte 
Production in Tropical Latin Amariea: Project Proposal" (1995) has been added lo this presentalion. 
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Abstract 

Land Use Strategles in Pucallpa, Perú' 

SBm FUj;SBkB-

In a selected study area in Pucallpa, Peru, 151 farmer-settters were interviewed to understand current 
land use dynamics. Respondents were stratified according to broad differences determined by 
preliminary informal surveys. Settiers included: farrners practícing slash-and-bum agriculture in upper 
forested areas, slash-and-bum farmers living along rivers, small-scale cattie ranchers with lands Iocated 
largely along lhe roed connecting Pucallpa to Lima, and a subset of foras! slash-and-burn fanmers who 
had establíshed oil palm as a cash crop, This working paper describes land use pattems and differences 
among lhese groups, Sorne 01 lhe problems and opportunities facad by each group are considered, 

Introduction 

Fanmer-settlers in the westem Amazon practlce slash-and-bum agriculture to produce annual crops such 
as rice, maiZe, cassava, and beans. Thus, colonists convert primary tropical fores! lands lo olher uses
including pasture for cattle production, perennial crops, and fallows for future annual cropping, Slash· 
and·burn agriculture of lhís type has contributed lo deforestatlon, emisslons of almospheric carbon, and 
losses of biodiversity (Brady, 1996; Fujisaka et al, 1997). 

land use in Pucallpa, Peru, was examined as part 01 a global initiative coordinated by the InternaUonal 
Centre lor Research on Agroforestry (ICRAF) to develop "Alternatives to Slash-and-Burn" (ASB), 

Pucallpa is characterized by humid, tropical foresl cover. The site is in lhe Department of Ucayali 
(bordering Brazil to lhe east) and along an east-wesl gradient leading to the foothills of the Andes along 
whlch ralnfall ranges!rom 1800 lO 3000 mm (a mean of 2300 mm, with rainfall increasing lo lhe west), 
Wet months are February-May and September·November; dry monlhs are June-August and December
January. The mean annual temperature is 25 oC, Soíls include more favorable alluvial, riverine systems 
where the pH i5 about 7,7 and available P is 15 ppm; and higher, well árained forested areas of acidic 
(pH 4.4), low P (2 ppm) soils, Flatter areas near lhe city of Pucallpa (but out of the area 01 interest) are 
poorly drained (aguaja/es) aná dominated by Mauritia spp, palms. The Huanuco-TIngo Maria-Pucallpa 
highway was constructed in the 19405, but settlement only became substantial in the 1970s wilh 
ímprovements lo the híghway (loker, 1993; Riesco and Arroyo, 1997), 

Methods 

Researchers representing Peru's Instituto Nacional de Investigacíon Agraria (INIA), lhe Centro 
Internacional de Agricultura Tropical (elA T), and ICRAF selected the Pucallpa study area. The site was 
chosen as representative of the different types of slash-and-bum-based agriculturalland uses in the 
broader region. 

A multidíscipUnary leam of researchers from INIA, elAT, and ICRAF interviewed 151 settlers in Pucallpa 
in mid-1996, Interviews dealt with pattems of land use and resauree managernent. Responses were 
coded and data tabulated and presented in simple descriptlve frequencies, Fanmers described land use 
allocatlons lor 1995-96 and for 1996-97, 

.. Characlerizalion Working Group, Allernaltves lO Slash-and-Burn (ASB), /6-21 Aug" Bogor, Indanesia. 
sJuiisaka@Cgnet.com Centro Internacional de Agricultura Tropical (ClAT), AA 6713, Cali, Colombia, 
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Preliminary fíeldwork showed Ihat settters were naturally grouped by Iocation (e.g., forest, river, roads) 
and by major enterprise (e.g., slash-and-bum, catlle, slash-and-bum plus oil palm), Groups included: 
farmers practicing slash-and-bum in upper forest aress, farmers living and pracliclng slash-and-burn 
along the rivers, smaU-scale estile ranchers located largely along the road connecling Pucallpa to Lima, 
and anolher subset 01 Ihe fores! slash-and-bum farmars who recently established oí! palm as a cash crop. 

A LandSal TM image from 1993 that showed part of Ihe study site was obtained, classlfied, and analyzed. 

RESULTS 

Mlgretion and settlement 

Twenty-seven percanl 01 the respondants originated from Pucallpa. Of!he olhers, 30% arrived in Ihe 
period 1990-95. The remalnlng 10% 01 Immigrants arrived from before the 1970s up lo 1989, with fewer 
arrivals from 1915 to 1984. Although, overall, the 73% 01 respondents who migrated lo the area had 
besn in Pucallpa lor a maan 01 16 years, those ralsing catUe had been Ihere longer (a maan 0124 
years)(Table 1). 

Landuse 

Forest and riverine slash-and-burn larmers accounted for 76% 01 the respondents, had farms 01 a mean 
29 ha, of which Ihe fores! farmers had only 27% and the riverine farmers had 46% in fores! in 1996 (Table 
2). The 15% 01 respondents wlth cattle had signmcantly larger larms (67 ha) of which a high percentage 
was cleared (80%). Farmers who had planted oil palm had land parcels 01 the same size (32 ha) as the 
olherforest farmers, but had more land in perennial ISrops (17%) and less in fallow (24%). These larrners 
also had the lowest proportion 01 their farms in pasture (4%), 

In lerms of all respondents' land use changes from 1995 lo 1996 and considering only lands held by !he 
respondents (5249 ha in total), fores! decreased from 35% lo 33% of Ihe area; and area cleared 
increased Irom 65% lo 67%. Cleared areas showed marked increases in annual crops and perennials, 
wi!h only a slight increase in pasture (Table 2). 

Analysi$ ofthe LandSet TM ¡mage largely confirmed farmers' accounts: Ihe ¡mage covered 109.100 ha of 
which 17,300 ha corresponded to colonisls' parcels and large haciendas held 7,400 ha. Analysis 
indicated that 70% 01 the colonists' parcela were deforested in 1993 (comparing closely to the reported 
67% in 1996 once a correction based on parcal sizes was made regarding Ihe depth from Ihe road 01 
farmers' fields). 

Mos! slásh-and-burn larmers cleared new forest parcels every year or once every 2 years. Two-Ihirds 01 
Ihe cattle ranchers, however, cleared forest lands only once every 3 years and a third cleared lands every 
other year (Table 3). The slash-and-burn farrners (including those wilh oí! palm) cleared means 01 1.5 to 
2.0 ha per year; and cattle ranchers cleared a larger 2.6 ha per year (Table 4). OVerall, camparing 
respondents Ihal have and do not have cattle. the former cleared fores! lands less often, bU! openad 
larger areas to grow crops such as rice and cassava for sale. 

Farmars reported Iheir critena for selecting and clearing particular forest parcels. The main reasons 
given were lertile soil (43% 01 respondents), no flooding (29%), close to road and/or house (19%), and 
flatter topography (9%)(Table 5). 

Fermars reported needing 20 days ha" for slashing (prior to and alter fellíng) and 27 days ha" for lelling 
when clearing fores! parcels; and 16 days ha'l for slashíng and 6 days ha" for lelling fallowed parcels 
(Table 6). 

Nearly all farmars grew rice in fields cleared lrom fores! in the first yaar and cassava, maize, pasture, or 
other craps in the second year (il nol fallowed). Farmers sowed rice, ml!IIZe, cassava, and banana In 
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fields cleared!mm faltows (Table 7). Although fluctuating by year, tarmers overall maintained 
approximately equal areas sown lo rice, maize, and cassava (Table 8j. 

Farmers reported actual crop ,ields for 1995-96: the 1.4 t ha" 01 rice, 1.7 t ha" 01 maize, and 0.2 ! ha" 01 
beans were lower fhan fheir reportad "normal" yields bu! higher than previous towest yields 01 each 
respective crop (Table 9). 

Fields cleared !mm fores! were cropped lor a mean 012 years: 30% of fhe respondents cultivated for 1 
year, 44% cultivated for 2 years, 16% for 3 years, and 10% for over 3 years. landa cultivated after tallow 
were cultivated lor a mean 01 1.3 years, Responden!s discontinued cropping plots cieared !rom fores! 
because of declining production (major reason citad by 75% 01 respondents) and weeds (46%), 

Combining fhese interview-based results with more informal field observation and discussions with 
settlers, each 01 the subgroups 01 respondents can be described. 

Slash-and-bum (armel'$ o, the foret# 

Forest tarmers had a high proportion of Iheir lands cleared (73% in 1996), and the highes! proportion 
(39%) 01 their tarms in tallow or secondary re-growth. Rice was Ihe major crop, and one that suffered 
!rom yield-reducing diseases, These farmers had 10% 01 the!r lands in perennial crops such as cilrua, 
achiote, cacao, and various truits. A subslantial number grew cOca, although demand had declined since 
Ihe end 01 Ihe area's dominatlon by the terroos! group, Sendero Luminoso (Shining Path). To some 
extent it appeared Ihat charcoal production has replaced coca production as an income-generaling 
alternative, 

R/verlne s/ash·and·burn 'armel'$ 

These farmers had fall11$ Ihal were 54% cleared and 26% in lallow. Banana was eslablished as a cash 
crop on the relatively richer soils (cornparad lo upper-forest areas) after initial slash-and-burn rice 
production. Sikatoka was widespread as a problem in banana, and one fhal larmers reported may be 
exacerbaled by the defoliants and herbicides sprayed from helicoplers in Ihe Peruvian army's efforts lo 
eradicale coca fields. Flooding was a problem, albeít with benefits (Le., Ihe deposits of richer river-boma 
silts). River farmers also earned incomes !rom fish and Ihe softwood, Guazuma crinita, whieh grew in 
tallows. 

Small cattle ranchel'$ 

Thesa tarmers had fhe largast parcels (67 ha), fhe leasl forest (20%), Ihe Iowest proportions of land in 
annualand perennial crops and in fallow (although Ihey had fhe largast annual crop fields in absolute 
1eIl11$), and Ihe highest proportion of land in pasture (54%). For Ihe 20% of Pucallpa respondents having 
cattle, herd size was a mean 0123 head. Pastures were reporíedly 40% (01 pasture area) Brachiaria spp, 
and 28% Brachiaria spp. plus Pueraria phaseoloides, although areas 01 natille pasture (01 Axonopus 
compressus, Paspalum conjugatum, and Homolepis aturensis) were clearly underreported. Thirty-nine 
percent of Ihe ranchers reportad using tire for pasture regeneration at a mean interval of eyery 2 years; 
and 68% reportad rotating animals to different pastures al a mean interval of 1 monlh. Pressure on 
pasture resources was low: 73% of Ihase respondents maintained less Ihan one head per ha, 24% had 
one lo two head, and only 3% had more Ihan three head of cattle per ha of pasture. II was widely 
reported Ihat Ihe periO<! 01 terrorism by Ihe Sendero led to subslantial declines in cattle numbers and 
reducad maintenance of fences and pastures. 

011 pe/m farmet'$ 

These slash-and-bum tarmers have accessible upper-area parcels, have taken adllantage of local 
development projects promoting oil palm (EE/eais guíneensis), and, Iherefore, have fhe largest proportion 
01 fheir farma in perennial erops (17%) and Ihe lowesl in pasture (4%). The success of oil palm will 
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depend on /he developmenl of processing infrastructure and demand, sufficient to maintain prlce$ at 
prolitable levels, 

Concluslons: Towards an Approprlate Research Agenda 

Overall, Pucallpa farmers relied on rice as a major crop for both sale ¡¡nd consumption, Research to help 
solve upland rice dlsease problems, and Ihe problems 01 5011 nutrien! deplelion and ¡ncreases 01 weeds, 
wOuld benefit many farmers In the area, Pucallpa farmers had a hlgh proportlon 01 thelr lands in fallow or 
secondary re-growth, Worklng wilh farmers on improved fallows using trees and legumes would appesr 
lo be reasonable, 

Upper-area farmers who had eamed incomes fram coca production (from sales and/or from wages for 
weedlng and harvesting) were seeking new altematives, Charcoal production cannol be expected to be 
sustainable given the use of selected sultable forest specles such as Dípterix odorata, Efforts to develop 
and promete new craps (such as camu camu Myciaria dubia) and agralndustries (e,g" palm 011) would 
appear lo be reasonable; and resesrch Is needed to carefully determine ex ante demand for new 
alternatives Farmers have had experience wi!h tl1e promotion 01 supposedly Income-generating craps 
5uch as citrus and achiote, which unfortunately were market taHures, 

Riverine slash-and-burn larmers were mesl concemed aboul diseasea affectíng Iheir banana plantations 
(and upland rice), Research lo addresa the prablem would be apprapriate and la needed, 

Research in Pucallpa has long targeted /he cattle ranchers in /he inlroduclion and testing 01 forage and 
feeding systems altematives including legumes such as Araohis pintoi, Centrosema spp., Desmodium 
ovaJifo/íum. Cratylía argentea. and Stylosanthes guianensis, as well as forage grasses, These settlers, 
howaver, may have líttle interest in more productive forage systems as long as current pastura resources 
are more than suffícienl given the area's reducad herd size, On the olher hand, targeted work lo Increase 
systems productivity and sustainabilíty wlth Ihe few ranchers maintaíning more animals per area may be 
approprlate, This appears to be the case with Ihe curren! work of the Instituto Veterinario de 
Investigaciones Tropicales y de Altura (IVITAl and the CG project, Improved Feeding Systems for Dual
Purpose cattle (TROPILECHE), 
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Table 1, Year 01 arrival 01 ml\lrants (Ofo of respondents. n=lll) by maln economic actillity, Pucallpa, Peru, 

Slash-and-Bum Other 
Forest Riverine Subtolal Cattle Oilpalm Total 

Year of arrival (n = 32) (n = 54) (n = 86) (n = 13) (n = 12) (n=111) 

1990-95 34 31 33 15 25 30 
1985-89 19 13 15 8 33 16 
1980-84 9 7 8 8 O 7 
1975-79 9 13 12 8 8 11 
1970-74 16 17 16 23 17 17 
< 1970 13 19 16 38 17 19 

Mean 14 17 16 24 15 16 
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Table 2. Land use (% 01 area) by mam agricultural system, Pucallpa, Peru, 1994-5 (A) and 1995-6 (e). 

Slash-and-eurn Other 
Forest Riverine Subtotal CatlJª OilPalm Total 
A e A B A e A e A s A e Change Resp (%) 

Fores! 30 27 48 46 40 38 20 20 52 51 35 33 - 5.0 67 

Cleared 70 73 52 54 60 62 80 80 48 49 65 67 + 2.0 100 

Pasture 16 16 12 12 13 14 54 54 2 4 24 25 + 0.5 44 
Fallow 43 39 25 26 33 31 22 21 25 24 29 28 - 5.0 82 
Annual crops 3 8 8 6 6 7 1 2 7 4 5 6 + 15.0 80 
Perenníals 8 10 7 7 8 10 3 3 14 17 7 8 + 14.0 84 

Total area (ha) 1443 1846 3289 1538 422 5249 
Samplesize 44 71 115 23 13 151 
(no) 33 26 29 67 32 35 
Farm size (ha) 



Table 3. Frequency (years) of tores! clearing by main agricultural systems, Pucallpa, PeN, 1996, in 
percentage of respondents (n = 52). 

Slash-and-Bum OIher 
Frequency Fores! Riverine Subtotal Catlle OilPalm Total 

1 85 57 71 O 75 69 
2 10 29 19 33 25 19 
3 O 9 5 67 O 8 

>3 5 5 5 O O 4 

Mean 1.2 1.7 1.5 2.7 1.2 1.5 

Table 4. Clearing of given fores! area (ha) by main agricultural systems, Pucallpa. Peru. 1996, in 
percentage of respondenls (n = 93). 

Slash-and-Bum Other 
Area Forest Riverine Subtotal Cattle OilPalm 

< 1.0 9 5 7 12 17 
1.0-1.9 41 39 40 12 42 
2.0-2.9 29 28 29 26 33 
> 3.0 21 28 24 50 8 

Mean 1 8 2.0 1.9 2.6 15 

Table 5. Farmer-reported cri!eria forchoice of location offorest field lo cfear and crop by main 
agricultural system, Pucallpa, PeN, in percentage of respondents (n = 83). 

Slash-and-Bum Other 

Total 

8 
38 
29 
25 

1.9 

Area Fores! Riverine Sublotal eattle Oil Palm Total 

Fertile soil 9 5 7 12 17 8 
No flooding 41 39 40 12 42 38 
Close lo 29 28 29 26 33 29 
road/house 21 28 24 50 8 25 
Flatter areas 
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Table €l. Reported labor (days ha,l) for clearing forest and fallow by main agricultural system, Pucallpa, 
Peru. 

Slash·and·Bum Other 
Fores! Riverine Subtolal Cattle OilPalm Total 

For Fal For Fal For Fa! For Fal For Fa! For Fa! 

Slash 20 17 22 14 21 15 18 22 12 19 20 16 
Fell 30 5 28 6 29 6 22 7 18 5 27 6 

Total 50 22 50 20 50 21 40 29 30 24 47 22 

Table 1. Maln crop sown in fields cleared from fores! (n = 100) and from fallow (n = 132), by main 
agricultura! systems, Pucallpa, Peru, in percentage ef respondents. 

Slash·and·Bum Olher 

Foresl Riverine Sublolal eatlle OilPalm Total 
Crop sown For Fal Fer Fal For Fal For Fal For Fal FOf Fal 

Rice 88 52 73 49 80 50 50 33 84 50 78 49 
MalIe 6 30 16 28 11 29 O 47 8 25 10 30 
Cassava 3 10 O 2 1 5 25 O O 17 3 5 
Banana 3 3 11 9 8 7 25 7 8 O 9 6 
Other O 5 O 12 O 9 O 13 O 8 O 10 
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Table 8. Changes In land use for lands cropped to rice, maíze. and cassava from 1995 to 1996, 
Pucallpa (% area planted in 1995). 

Planted in 1995 

Rice Maíze Cassava 
Planted 1996 (64 ha) (84 ha) (57 ha) 

Rice O 1 O 
Maíze 7 21 O 
Cassava 18 5 29 
Banana 7 9 5 
Pineapple 2 O 8 

Pasture 4 3 4 

Fallow 31 49 46 

Other 31 12 8 

Table 9. Repondents' (n = 131 ) reported crop yields (t ha''), Pucallpa, 1995-96. 

Reported range 

Crop Low Normal High Actual 1995-96 

Rice 0.9 1.9 2.6 1.4 
Maize 1.1 2.2 2.9 1.7 
Seans 0.1 0.8 0.9 0,2 
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Complex Systems Tutorial 
David Waltner· Toews 

An Introduction to Complex Systeme 
David Waltner-Toews. Unlveralty ofGuelph 

The purpose of Ihis introduclion is to layout the basic conceplS af systems thinking which are relevanl to 
lhe kinds af complex situations we find in Pucallpa. Many of lhe examples come from physics and 
biology. We would encourage you to lhink laterally as we investigate whether ar nol they are applicable 
lo lhe questions we wish lo address. 

A syslem in general terms, is something which has boundaries and internal mechanisms af 
communication and control, that ¡s, there are feedback lcops. Most scientists accept the existence of 
systems when they talk abaut organísms, whích are made up of vanous parts which inleract in loops to 
create a new entity. It is more dífficult for many of us to imagine what kind of an entity a community or 
ecosystem might be. Thís is often because Ihe boundaries are leakier than we are used lo. Thís, in turn, 
may be a funclion of scale. To a bacterium, our skin lcoks like a vague boundary through which il can 
move. To US, Ihe skin lcoks pretly secure as a boundary between ourselves and our environment. 

A second idea thal is important particularly for complex systems, that ¡s, systems which require more than 
one perspective lo understand, is Ihe notion 01 holarchy. A holarchy is a nested hierarchy. Each layer in 
lhis nesled hierarchy is made up of Ihings within: a cow is made up of cells, a herd is made up of caws 
and so on. Furthermore, each holon, or "Iayer" is more than simply the sum of íts parts. New 
characteristics and behaviours emerge at each level. 

Multiple scales and perspectives are importan! because they determine !he kinds of solu!ions we devise. 
Ifwe investigate, say plague in Tanzania, the cause 01 !he disease in individuals ia Yersinia peslis, and 
the trealmen! is letracycline. At lhe household level, Ihe cause is ralS, dogs and fleas, and Ihe treatmenl 
is rodenticides and insecticides; at the village level, we see !hat the plague occurs because certain kinds 
of habitats have beeo crealed for rats by agricultural activities. These activities make money lor !he men 
and because the society is polyganous, and the women do Ihe housework, they gel the plague. So, at 
each layer a differenl se! of diagnoses and responses emerge. This is importan! when we consider 
queslions of sustainability. 

In Honduras (see Figure 1), nalional goals of increasing income lhrough agricultural production in 
response !o global markets led lo increased production of sugar cane, caltle and colton in !he soulh. 
These activities changed Ihe hydrological cycles and resulted in a 10 degree increase in temperature 
over 10 years. This, in turn, undercu! productivity and led many peopla lo move lo the north, where Ihey 
grew bananas, melons, and pineapples to meet the same national goals. These products require a lot 01 
pesticides to grow ,which led lo an increase in pesticide resistan! mosquitoes carrying malaria. The 
people from lhe south had nO! previously experienced malaria because the mosquitoes hae! not survived 
lhe temperature ¡ncreases in the soulh. 

So what is Ihe cause 01 malaria ín northem Honduras? Whal Is an appropriate policy response? Complex 
systems are one way to look a! these dynamics Ihal mighl help us come up wilh answers lo these 
questions. 



Figure 1: Conflicting Goals and Cross-scale Interactions in Honduras 
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Complex Systems Tutoríal 

Some Notes on: The Ecosystem Approach, Ecosystems 

as Complex Systems 

JamesJ.Kay 
Environment and Resource Studles, 

Universlty of Waterloo 

with material from Dr. Erlc Schneider, Prof. Henry Regier, Dr. Stephen WOodley, 
Prof. George Francis. Prof. Scott Slocombe, Dr. Christian Pupp and !he Students of 

!he Humn Natural Area 1 Working Group 

The e$Sentíals of an ecosystem approach at a glance 

• Living systams are self-organizing. Our challenge is lo promole Ihis capability lo self
organize, while still procuring whal we need from Ihe biosphere. 

• Ecosystam analysis is done in Iha conlext of nested holons, that Is a hierarchically 
organized system description of the area of study. Careful a\tention mus! be given to scale 
and extant of analysis al each hierarchicallevel. The behaviour of a system (holon) is due 
lo the inleractions of its components (also holons) in the conlext of the wider system 
(anothar holon) il is part of. Focus on one level, or by one discipline, cannol adequately 
describe Ihese inleractions between hierarchicallevels and this is crucial for understanding 
self-organizing entities. 

• 80th bio-physical and human cullural perspectives must be broughl to bear as part of 
ecosystem analysis. Each of Ihese perspectives will generale a different hierarchical 
representalion of Ihe ecosyslem. The chal/enge is lo inlegrate these perspectives lo give 
an underslanding of the whole 

• Ecosystem dynamics are complex, that is thay are nol detarministic, hava a dagrea of 
unpredictability. exhibil phases of rapid changa and even cataslrophíc changa, are 
continually evolving and going through a birth, growth, death, renewal process (figure 00) al 
differant tamporal and spatial scales. 

• Understanding ecosystem dynamics raquires investigating the spatial, temporal, 
thermodynamic, information and cultural aspects of living systems. 

• Synergistic effects and emergence (and hence surprise) are normal in self-organizing 
systems. 

• The ecosystem approach cannot be abou! quantitative prediction alone but also must be 
about qualitativa understanding. Tha ability to pradict in many ecological situations is, in 
principie, quite limitad. The best we can expect is a general qualitative sense, basad on our 
knowledge of interconnections and pas! history. In this context management must ba both 
anticipatory and adap\ive. 

IRyan Metealfe, Steve Diggon, Cad Burgess, Robin Green, Maroie Eggen, Brian McHattie. Mark Conrad, Clint 
Johusan are undergraduate ERS students who have worked on developing a framework for monitoring ecosystern 
integrity in tbe Huron Natura! Area. 



• 

• 

Ecosystem managemen! is an oxymoron. ft is our interactions with ecosystems which need 
managemenl. 

The ecosyslem approach is both analytic and synthetic. 1I involves analysis of livinl} 
systems by disciplinary science. Bul understanding comes from synthesising togetner the 
different perspectives gained from disciplinary science. 

Discussions of ecologic!>1 integrity by necessity involve making value laden judgments and 
hence involve ethies and politics as welf as science. 

The core tenel of the nolion of sustainability is that humans are an integral part of Ihe 
ecological systems which make up the biosphere. We canna! live aparl from the biosphere but 
only as a parl of it. Sustainable developmen!, Iherefore, is development which fosters 
ecologiesl integrity. Recognizing this, society has mandated, through various poliey statemenls 
and legislalion (!he Grea! lakes Water Quality Agreement, 1978, the Canada Park Service Act, 
1988, Ihe Montana Environmenlal Prolectlon Act, 1992, Environment Canada's mfssion 
statement, 1992) the preservalion, maintenanee, promotion, prolection, and restoralion of 
ecologiesl inlegrily. 

This js well and good. But it does nol help us unless we can operationalize Ihe notion of 
integrily, ana how to report on jI. This is !he ques! that a number of us have been working on 
for Ihe la si fifteen years. This paper is a brief synopsis of what we have leaml. lt is a meant to 
slimulate diseussion and furlher reading of the literature. The essential issues to be covered 
are: a) what is mean! by ecologieal integrity, b) how do we evaluale il and e) what are the 
implications for Monitonng. 

Complex Systems Thinking 

A new understanding of eeosystems fs emerging, and this understanding is the baeie fer 
discussing integrity. This new understanding cornes from a group of thinkers who suggest that 
an "ecosystem approach" should be based on the notions of complex systems theory, the 
grandchild of von Bertalanffy's general systems theory2. The vision of an eeosystem, Iha! the 
"new science" of complex systems theory provides, is quite different from that of a traditional 
Newtonian mechanistic world view. 1\ is a vision of ecosystems as dynamie, eonstantly evolving 
systems which are nol delerministie, but rather lo a degree unpredictable. Change in such 
syslems can be smooth ord'ust as likely, sudden and surprising. Sueh systerns can exhibít 
phases of rapíd change, an even the extreme of catastrophic change is nol abnormal. Left to 
their own devices, ecosystems are self-organizing, thal is Ihay willlook after thernselves. 

Tabla 1: An analysis of the acological health of National Parks jnvolves an evaluation for every 
hierarchical level: (Djffarent measures are required for different levels.) (Adaptad from 
Woodley 1993) 

LEVEL EXAMPlE HEALTH MEASURES 

LANDSCAPE 
ECOSYSTEM 
COMMUNIlY 
POPULATION 
INDIVIDUAL 

Patchiness, 
Leakiness, Total energy use, Cyc\íng. 
Biomass, Crown Glosure 
Nurnbers, genetie diversity, reproduction rates 
Health 

2Kay & Schneider, Schneider & Kay 1994, Allen and Hoekstra 1992 
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Figure 1: Nested Holons (Hierarchy Theory) 
The behaviour of a system (holon) is due to the interactions of its components (also holons) in 
the context of the wider system (another holon) it is pan of. We can only understand systerns 
from a hierarchical perspective, that is as nested holons. Generally five levels of description are 
required. The Huron Natural ATea neste<! Holons are seen below: 
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Communities: The subsystems 

There are a number of importanl lessons lo be leamt from Ihe study of complex systems. 
Fírs!, such systems can only be understood from a hierarchicaJ perspectiva.3 Neither a 
reductionist nor hollslic approach is sufficient. One must look al the syslem as a whole and as 
something composed of subsystems and Iheir components. (See Figure 1 and Table 1) One 
must also look al Ihe system in the conlext of its being a subsystem of a bigger system which is 
in tum part of a wider environment. So lo study a population in ecology without reference lo the 
individuals Ihat make it up, Ihe community it belongs to, and Ihe environment it lives in, is nol 
sufficient. This is nol to say that population ecology is no! useful. 1I is just no! sufficient to 
explain ecologieal phenomena. Self-organization of complex sys!ems, including ecosys!ems. 
can only be understood in the context of what makes them up and the environment in whích 
they mus! funclíon. 

Another property of these systems ís lhat everything is connected (al leasl weakly) to 
everythíng else. But no scientist can !ook al everything at once. So any analyst must make 
declsíons about what to ínclude and what to leave out of the system to be sludied. Seale and 

3Woodley, 1993 T.F.H. Allen, 1982, 1992, 1993, A. King 1993, F. Güntber and C. Folke, 1993 

69 



exten! and the hierarchical units of sludy musl be selected. These decisions, while done in a 
syslematic and consistent way, are necessarily subjeclive, reflecting Ihe viewpoint of !he 
analyst about which connections are important lo the sludy al hand, and which can be ignorad. 
So, because of !heir very nature, the notion of a pristine objective scienlific observer is no! 
applicable lo Ihe sludy of self-organizing syslems. This has significan! implications for 
ecosyslem classification and boundary selection. 

Figure 2: A simple example 01 catastrophes in ecology 
As the herbívore population ¡ncreases, the vegetation decreases (more ís eaten). The system 
moves along the upper solid Une (attraetor). Eventually a poínt (X) is reaehed where the 
vegetation erashes (the system beeomes unstable) because of overgrazíng. As the vegetation 
regrows the herbivore population drops off sharply (the lower salid line, another attractor) until a 
second poínt (Y) is reached (the system becomes unstable agaín) and a vegetation bloom occurs. 
The vegetation crash and bloom are catastrophes in the mathematical sense of the word. X and 
y are known as critical thresholds. 

Vegetation 
Density 

Herbivore Density 

Complex systems exhibit emergent dynamic behaviours. Catastrophe the0ry4 describes 
one elass of surprising dynamics of these systems. 1I predicts thal systems will undergo 
dramatic, sudden changes in a disconlinuous way, For example, in sludíes of acidifying lakes, 
investigalors notiead in the 1970s tha! even in cases where sensitive water bodies were subject 
to a conlinuing rain of sulphates and nitrates from the atmosphere, the water pH did no! change 
very much for quite a long time. But then. rather suddenly, the pH would drop sharply, The 
explanation ls that until the buffering capacíty of a lake la used up. the pH changes Iittle, A 
contributing factor is spring snow melt, whic~ causes, a sudden flush of sulphates and nltr~tes 
stored over the winter, The example often clted IS Blg Moose Lake, N.Y .• where pH remamed 
almost constant in the parlod 1900-1960. and then fell precipitously 5 

4 R. Thom, 1969;K. Huseyin, 1977 
5Stigliani, 1988; 
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That ecosystems exhibit catastrophic behaviour has several importan! implications: 

• Ecosystems can have several stable states (Le. multiple attractors) 
• Sudden change is normal in an ecosystem. (Rre, pest outbreak, the dropping of leaves .... ) 
• Knowing the current value of environmental variables is nol sufficienl to know the state of 

the ecosystem, its history must also be known (that is you mus! know which attractor it ls 
on.) 
Su resslon of !hese sudden chan es onl sets the s stem u for bigger chan es later. 

Another example, which gives serious pause for thought, is that there Is recent evidence 
for a "flip-f1op" end to the last Ice Age in Greenland, wilh "a double shift from glaclal lo 
inlerglaclal conditions over an astonishingly quick 3-5 years" about 18,000 years ego ; the 
temperature changad by about 7° e during Ihese shifts6. 

Furthermore, at the pojnt where a system undergoes a "catastrophic" change, there may 
be several possible distinct changes which can occur. Which one will actually happen is not 
always predictable. The insight from cataslrophe theory Is that the world is not a place where 
change always happens in a continuous and deterministic way. 

The choice of the name, catastrophe theory, is unfortunate as it denotes abnormal nasty 
events. What we have come to realize is Ihat such events are normal and necessary for the 
continued smooth functioning of many systems. For example our heartbeat is a catastrophic 
event, as is the emptying of our bladder. They are discontinuous events which occur suddenly 
and are necessary tor our continued survival. Over the last decade sludents of ecosystems 
have come to realize thal such behaviour is nol only normal for ecosystems, bu! necessary for 
their well being (for example fire and pest outbreaks in forestad ecosystems).7 

Classical ideas of ecosystem development are basad on succession, which ultimately 
leads lo a sleady-state condition: climax vegetation. HOlling8, building on the ecological insight 
gained from catastrophe theory, has extended this conceptual tramework of ecosystem 
development in two ways : 

1. Succeseion ie only one phase of the fígure-eíghl (ro) pattem. 
2. Ecosystems are spatially and temporally lumpy, uniform ecosystems exist only in 

monocultures. Palchiness is an eesential characteristic of an ecosystem that has 
inlegrity. 

These two ideas are connectad in the following way. Succession (initially, a relatively fast 
process) is the upward loop in figure 3 extending from Exploitatlon to Conservation (the 
climax state). In this lalter "mature" state. most of the nutrients and energy are locked up in the 
biomass, and the system gradually becomes brittle. Key structural parts become risk prone, 
waiting for an accrdent lo happen through fire, wind-storms, pests and senescence (the 
downward segmen! in the figure, Le., from Conservation to Release). This lalter relatively fast 
process generally oecurs in patche., releasing nutrients and energy locally and ultimately 
permitting the cyele to move on in the figure eight from Release lo Reorganization. Finally, 
the loop is closed through Exploitation (succession) back lo Conservation. Lumpiness is an 
essential par! of the figure-eight model, and indeed of nature itself. The processes take place 
over a range of space and intergenerational time scales (from days and mm. lo centuries and 
thousande of square Km.). Understanding ecological integrity requires understanding Ihese <O 

pattems and the associated lumpiness. 

6AlIey,et al., 1993; Fairbank, 1993 
7 Kay, 1991 
Sc.S. Holling, 1986,J992 
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Another characteristie of an ecosystem with strong integrity is the existenee of an 
information library, mainly the speeies and their genes. Genes eontain the historieal record of 
previously successful self-organization. They eonstraining Ihe self-organizalion of an 
ecosyslem lo those options whieh have a high probability of sueeess (Ka y, 1964). Referring lo 
figure 3, Ihe system information library is of most importance al the point of exil from the Figure 
.X) lo Ihe left of Ihe figure. This Is where a flip into a greatly modified eeosyslem is most likely. 
This poinl, Ihe Iransilion to Ihe exploitation phase, is when the ecosystem is, in effect, resel. 
What the ecosystem is reset to, is a function of the environmental context and Ihe informalion 
available at the time of resel. This is Ihe moment when blodiverslty is mosl important 

Holling has extended these ideas even further. Recognizing that Ihere are nested cycles of 
bolh time and space scales involved in ecosystem developmenl, Holling argues tha! for each 
seale, only 5mall numbers of processes and speeies predominate. Thus a reasonable picture 
of the functíoning of the system at that level ean be oblained by eoncentrating on Ihese mos! 
important processes and species, However, interaetíons belween processes operating a! 
different levels (i.e., different time and space seales) do oecur and furthermore are non-linear, 
with the possibility of flip-flops. Thus the behaviour of the system at higher or lower levels of 
aggregation eannol be easily aseertained from that al Ihe lime and/or space seales being 
investígated, Holling has supported Ihese ideas with a cross-seale analysis of animal body 
mass, whieh ahows diseontinuities across landscapes. 

Another sel of insights inlo complex systems comes from self-organization theory and 
particularly, nonequilíbrium thermodynamies. Prigogine9 showed that spontaneous eoheren! 
behaviour and organization (i.e. tornadoes, vortiees in fluids, lasera) can occur and Is 
eompletely consisten! with thermodynamlcs. The key to understanding su eh phenomena la to 
realtze Ihat these are open systems with a flow of high quality energy. In these circumalances, 
eoherent behaviour appears in systems almost magieally. Prigogine showed !hat this oeeurs 
beeause the system reaches a oatastrophe threshold and f1ips into a new eoheren! behavioral 
state. 

In examiníng the energelícs of open systems Kay and Sehneider10 have taken Prigogine's 
work one step further. They are interested in open systems with high quality energy pumped 
into them and their eonsequent movement away from equilibrium. Systems resist Ihis 
movement away from equilibrium, If new kinetic and dynamic pathways for dissipatlon are 
avaílable, the open system will respond with Ihe spontaneous emergence of organtzed behavlor 
tha! uses high quality energy to maintain its structure, and dissipates high quality energy in its 
movement away from equilibrium. The more high quality energy pumped into a syslem the 
more organization eal1 el'!lerge to dissipate the energy. Again, the emergence of organized 
behavior, (and even lite) In systems, IS now expected aeeordlng to modern thermodynamlcs. 
This self-organtzation is charaeterized by abrupt ehanges whieh represent a new. set of 
interactions and activities by componenls and the whole system. The form of expresslon thls 
self-organizatlon takes Is not predictable. This is beeause the ver:; p~ocesa ot se!f-organtZatlon 
is via eatastrophle change (In the eatastrophe Iheory sense) and fllps Into new reglmes. 

QNícolís and Prigogine. 1977, 1989 
IOSchneider and Kay, 1994a&b. 
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Figure 3: The Holling "figure-eight ( )" model oC an ecosystem. The cycle reflects changes in 
two attributes: (l) y-axís; the amount of accumulated capital (nutrients, carbon) stored in 
variables that are the dominant variables at the moment; and (2), the x-axis; the degree of 
counectedness among variables. The eXÍt from the cycle at the left of the figure indicates the 
stage where a flip into a greatly modified ecosystem is most likely. 1 t ís at this juncture that the 
ecosystem's informatíon library (stored mainly in the species and their genes) steers it around the 
figure. 

Holling's ¡our box or figure 8 model of ecosystem dynarnics 
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Holling's ideas reinforce the notion of ecosystems as dynamic structures that: 
• are continuously going through a process of re-organizatíon and renewal; 
• must be dealt with at different temporal and spatiaI scales using different tools; 
• regularly exhibit catastrophic behaviour with severa! attractors; 
• from time to time are reset 10 develop as a new ecosystem organizatíon. ¡ 
'0i5 i5 a !lluch richer vis.ion of eco~ys~em behaviour ~han the traditional model of succession to al' 
smgle chmax communlty. lt eltmmates the notlOn that ecosystem management is about 
Imaintaíning an ecosystem in a single, stable, stationary state. I 
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Figure 4: Example ofMultiple atI1'actors 
Benthíe vs. Pe/agíe shallow lake ecosystemsll 

Two different states for shallow lakes have been identified. In the benthic state, a bi~ water 
c1arity bottom vegetation ecosystem exists. As nutrient loading increases the turbidlty in the 
water, the ecosystem bits a catastrophe threshold and flips into a bypertropbic, turbid, 
pbytoplankton pelagic ecosystem. Lakes wbich flip between these states on a regular basis have 
been found. (Lake Ontario appears to be currently in the midst of such a flíp, from pelagic to 
benthic.) In some lakes, the spring run off (nutrient loading) determines which state the 
ecosystem will be in for the SUl1lffier. This i5 an example of a bifurcation in an ecosystem's 
behaviour as it bits the reset point for the seasonal figure . 
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11 Taken from M. Scheffer el al. 
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The vortex whieh forms in a bathtub, is an example of this behaviour. This type of vortex 
appears almost by magie. It dralns the water more quiekly. The more water there is to begin 
with (bigger gradient, more exergy) Ihe faster the vortex drains the water. Sueh self-organizing 
phenomena (Iike life) is no longer considerad an enigma in the sensa that it runs counter lo Ihe 
laws of thermodynamics. Everything Isn't running down, rather Ihe spantaneous emergence of 
organized systems is to be expected. Furthermore these systems tend to gel better and better 
at grabbing resources and utilizing them to build more structure. 

Ecosystams as self-organwng entitlas 

The theory of non-equilibrium thermodynamies suggests that the self-organization process in 
ecosystems proceeds in a way Iha!: a) captures more resourees (exergy and material); b) 
makes mora effective use of the rasources; e) builds more structure; d) enhances survivability. 
These saem to be the basie rules of the game (self-organization) in ecosystems. 

Figure 5: Life as a Self-organizing System 

As living systems develop, the direction ofthÍs development ímprnves !helr abilíty to survlve 
and utilize energy. Consíder!he growth of a chicken embryo as in the following graph. TIle 
point is that as the embryo develops, it use more energy (W), that is it gets better at extracting 
energy from its fixed source, Ihe yoke. 
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Data from Briedis and Seagrave, 1984 

We see the same phenomena in ecosystems. As ecosystems develop, lhat is become 
better organized, Ihey aIso become more effective at capturing solar energy and extracting Ihe 
exergy from it. TIlis can be measured by flying over a terrestriaI ecosystem and measuring its 
surface temperature. TIle surface temperature measures Ihe quaIíty of the energy, afier the 
ecosystem has used it and is finished with it. The cooler tbe temperatnre, Ihe more Ihoroughly 
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the ecosystem has utilized the energy o This can also be used to measure the effectiveness with 
which the ecosystem utilizes the energyo 

Using data collected by Luvall and Holbo for the Ho Jo A.ndrews experimental forest 
(temperate rainforest, Douglas Fir) we can see this phenomenao The following data was 
collected and is organízed from least developed lO most developed ecosystemo lt c1early 
demonstrates tIlat we can measure ecosystem organization using energy balance techniques and 
that more developed ecosystems are better at utilizing the available energyo 

Syslems Ihal exhibít self-organization exist in an energetic wíndow where Ihey gel enough 
energy. bul nol too mucho If the they do not get sufficient energy of hígh enough quality 
(beyond a mínimum threshold level), organízed stnuctures cannot be supported and self
organization does no! occuro Iftoo much energy is supplied, chaos ensues in Ihe system, as 
Ihe energy overwhelms Ihe dissipative ability of Ihe organized slruclures and !hey fall aparto So 
self-organizing systems exisl in a middle ground of enough, bul no! too much. 12 Furthermore, 
these syslems do nol maximize or minimize their functioning. Rather Iheir functioning 
represents an optimum, a Irade-off among all Ihe forces acling on Ihem. If there is loo much 
developmen! of any one type of s!ructure, Ihe syslem becomes overextended and briltle. If a 
slructure is nol sufficienlly developed to take fuI! advanlage of Ihe available energy and 
resources, Ihen some other more op!imal (ioe. belter adapted) structure will displace il. Self
organization in ecosystems is a dynamic ongoing balancing act striving for Ihe middle groundo 
The only static equilibrium slable slate for living systems is death, 

Management goals Iha! involva mainlaining some fixed slate in an ecosystem or 
maximizing some function (biomass, productivity, number of species) or minimizing (pest 
outbreak, fire) wíll always lead to disaster no matter how well meaning they are. We must 
¡nslead recognize Ihat ecosystems represent a balance, an oplimum poin! of operation, and Ihis 
balancing is constantly changing to suil a changing environmenl. Management must focus on 
facílitatíng and directing change, not attaíning and meintaining some fixed stete for all time. We 
mus! manage our behaviour so Ihat it enhances Ihe organization of Ihe ecosystems which we 
are all part ofo 

Understanding ecosystems as self-organizing entilies requires a hierarchical perspective 
with careful attenlion to scale and extento We musí examine Ihe spatial, temporal, 
thermodynamic and information aspects (dynamics) of these systemso This mus! be done in 
Ihe conlext of behaviour which is bolh emergent and cataslrophic. In olher words we musí 
recogníze Ihal ecosystems are dynamic, nol deterministic, have a degree of unpredictability and 
will exhibit phases of rapid change, 

But Ihis is nol lo say Ihal ecosystem behaviour is chaotic or random and haphazard, On 
Ihe conlrary, ecosystem behaviour and developmen! is like a large musical piece such as a 
symphony which is also dynamic and nol predictable and ye! has a sense of flow, of 
connection between what has played and whal is slill lo play, Ihe repetition of recognizable 
themes and a general sense of orderly progressiono In pieces such as symphonias or suites we 

12RoE, Ulanowicz, in press 
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THREE ASPECTS OF ECOSYSTEM INTEGRITY: 

1) Ecosystem Health: Current well beíng in normal envlronmental conditions 

2) Ability to deal with stress, that is a changing envlronment. 

3) Abi!ity to continue !he process of self-organization. Change from withln. 

know the stages (allegro, adagio, etc.) thal the piece wíll progress through. even though we 
don'! know the details of the plece. The same is true of ecosystems, some behave in a very 
ordered way as does a Baroque suite. and others are fuI! of improvisation as in modem jazz. 
And yel we know !he difference between music and random collections of noise. Our challenge 
is lo understand the rules of composition and Ihe limilations and direclions Ihey place on Ihe 
organization process, as well as whal makes for Ihe ecological equivalen! of a musical 
masterpiece which slands up to the lest of time. 

Ecosystem Integrity 

Our sense of Ihe ecosyslem as a whole, that Is Its lntegrity, has to do with its ability lo 
malntain its organizalion and lo conlinue ils process of self-organiza!ion. For an ecosyslem, 
inlegrity encompasses three major ecosystem organizatlonal facels. Ecosystem health, the 
ability to maintain normal operations under normal environmental condltions, Is the firsl 
requisite for ecosystem tntegrity. Bul II alone is nol sufficient. To have integrity. an ecosyslem 
must also be able lo cope with changes (which can be catastrophic) in envlronmental 
conditions; that Is, it must be able lo cope with stress. As well. an ecosystem which has 
integrity, musl be able lo continue the process of self-organlzation on an ongoing basis. II 
must be able to continue to evolve, develop, and proceed with the birth, growth, death and 
renewal cycle (I.e. Holling's Figure 00). It is Ihese !atter two facets of ecosys\em integrity thal 
differentiale il from the notion of ecosystem health. 

This understanding of the behaviour of complex self-organizing systems provides a 
framework for the investigation of environmentally índuced changes in ecosystem organizalíon 
and inl~rity .13 II eslablishes Ihat ecosystems can respond to changes in the environmenl in 
five qualltatlvely different ways: 

• The system can continue lo operate as before, even though ils operations may be 
initially and temporarily unsettled. (Figure 6) 

• The system can operate at a different level uSing the same structures il originally had 
(Figure 7). 

• Some new struclures can emerge in the sys\em that replace or augment existing 
structures (Figure 8) 

• A new ecosystem, made up of quite different structures, can emerge. (Figure 9) 

• The final, and very rare possibility. is that the ecosystem can collapse completely and 
no regeneration occurs. 

This enumeration of possible ecosystem responses lo environmental change is far richer than 
the simple classical notion, which holds that stress temporarily displaces an ecosystem from its 
clímax community, to whích it eventually retums. In tact, an ecosystem has no inherent single 
preferred state for which it should be managed. 

13Kay, 1991 
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Figure 6: Thl! p1'1íCeSS 01 sdj-(J,gtl1ÚUltlon In 6COSY,temI/: 
Develapmen! is characterized by phases of rapid organization lo a steady-state level followed by a penad during 
which tite system maintains itself al tite new steady state. lbe organization of tite system is nOI a smootlt process bUI 
ratlter proceeds in spurts. lbese sllurts are a sudden acceleration in tite change in tite state of tite system. The 
ovemll direction of development lS ooe which satisfles tite necessities of increasíng energy degredstion while 
enhancíng survivability. An ecosystem develops along a Thermodynamic Branch (a patlt in state space) until it 
reaches an Opt/mum Operating Po/lit .. lbi. is a poínl in state space where the self-organizing forces are balanced 
by fue disorganizing forees of external envÍfOnmental change. (This is an simplifícation ofthe more complex 
process deseribed by Holling's figure ). 
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Figure 7: lbe environmenta! change causes tite ecosyst:m to move from its ori¡:inal optimum operatíng poinl (1) lo 
a new optimum operatíng pomt (2). An example o~ tltlS would be a stress whlch causes an ecosystem lo re~ to 
an eartier successional stage. lbe practico of spraymg. fue end prod';1ct of fue secon~ lreatment of municipal 
waste water on terrastrial ecosystems is such a stress. Pme forests subJected to such spraymg are shifted back lO an 
old fíeld community (j .•. tite developmental stag!::e.J:p::.;ri.::or:..;l.::o::.a..:fo:::rest=)~ ______________ _ 
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While this list identifies the ways in which an ecosystem might re-organize in the face of 
environmental change, it does not indicale which re-organization constitutes a loss of integrity. 
II could be ar:9ued (and often is) Ihat any environmental change that permanently alters the 
normal operatlons of an ecosystem affects its inlegrity. Ecosystem integrity would lhen be 
defined as the ability lo absorb environrnental change without any permanent ecosystem 
change. Thus the final three distinct ecosystem responses, in the list, would constilute a loss of 
integrity, even though all are responses in which the ecosystem reorganizes itself to mitigate 
the environmen!al change. However, the reorganized ecosystem is usually jusI as healthy as 
Ihe original, even though it may be different. There is no scienlific reason tha! an exis!ing 
ecosystem should be the only one to have inlegrity in a sltuation, jus! because of its primacy. 

Al the olher extreme, it could also be arguad thal any ecosystem that can maintain itself 
without collapsing has integrily. Utter collapses have been rare, desertification being one of the 
few examples. This deflnition would encompass almost all ecosystems, including ones whose 
organization has changed radically in response to major stress. 

Neither of these definítions of integrily is operationally useful. The definition which accepts 
only temporary change is too restric!ive in most situations, and reflects a desire lo preserve !he 
world as il is currently. This denies the fundamental dynamic nature of ecosystems and leads to 
disastrous mismanagement (e.g. the complete suppression 01 forest fires, which evenlually 
results in catastrophic conflagrations). But the latter definition, which accepts all responses 
except collapse, does nol help managers because it restricts loss of integrity to a situation that 
rarely occurs and that is clearly undesirable. Hence this definítion would be trivial. 

In between these two extremes of definition líes a third option, which holds tha! some 
chan~es in ecosystems are undesirable, and therefore represent a loss of integrity. This option 
promlses to be the most useful bul ít embraces many possibilities and requires difficult choices. 
In particular it requires !he value-Iaden selection of criteria for delermining which changes are 
desirable and which are nol. The science of ecology can, in principie, inform us about the kind 
of ecosystem response or reorganization to expect In a given situation. It does nol provide us 
wilh a scientific basis for deciding tha! one change is better than another, except possibly in the 
two extreme cases jusi discussed. 

The insighl into ecological integrily gained from complex systems !heory is that the physical 
and biological sciences can describe and, even to a limitad extent, pradic! human-induced 
changes in the biosphere, bul they alone cannot determine which changes are acceplable. 
Ullimately, any evaluation of the ecological acceptabilily of a human ac!ivity, will depend on 
value judgments about whether !he resulting changes in the affec!ed ecosystem are acceptable 
to the human participants. 

Evaluating Integrity and Monitoring 

We have less than ten years experience al undertaking evaluations of ecological integrity. 
There are many problems stil! lo be worked out and many issues, both theoretical and 
methodological tha! require further research. So il is nol yel possible lo present a coheren! 
body of knowledge about ecological integrily and hence methodology for monitoring. Several 
efforts have been made to pull together what we do know14 and I recommend Ihese for further 
exploration. 

¡ 4Edwards & Regíer, J 990; Coslanza, Nonon & Haskell; 1992; Woodley, Kay and Francis, 1993; Slocombe. 

79 



State 
Variable 

Optimum Operating 
Points 

, , 
, , 

Thermodynamic 
Paths , , 

Bifurcation 
Point 

State Variable 

Figure 8: In response ro changing environmental conditions the system moves away &om the 
original optimum operating point (1) through a bifurcation point (2) and onto a new path and 
then to a new optimwn operating poinl (3). An example of this case is the switch from a white 
spruce community to a black spruce community when the former is subjected to a sharp 
reduction in nutrient availability. In these forested taiga ecosystems, black spruce are better 
suited to low nutrient situations and once established lend lo exclude white spruce by 
maintaining the low nutrient situation. The white sPruce is not able ro reassert itself once 
displaced. 
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Figure 9: The environmental change drives the ecosystem from its original optirnum operating 
point (1) through a catastrophe threshold (2) lo a new thermodynamic branch at (3) and 
eventually to a new optimum operating point (4). An example is the elimination offish in lak~s 
caused by acíd rain. Another example of this is the switch between pelagic and benthic 
ecosystems in shallow lakes as discussed earlier. 
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In the final analysis, to define ecological integrity is to define a set of ecological 
characteristics to be monitored fur change beyond specifiC values. To operationalize the notion 
of integrity requires the development of a monitoring framework and its associated measures 
and inuicators. There are three di<!tinct issues to be dealt with in developing a monitoring 
scheme fur ecolo¡¡ical integrity. First the changes in organization, 10 be associated with 
changes in ecologlCal integrity, must be identilied. Then comes the scientific and technical 
probJem of how 10 quantny these changes. What needs to be measured and how is it best 
(lone? These are scientific and technical issues we are al! struggling with. Once 
measurements have been decided upon, the issue of evaluation becomes paramount. For 
what values ofthe measures wiII integrity be deemed to have been Iost? Who wiII make thís 
deci-sion and who wiII aet on it? To answer the mt and the Jast of these three questions, 
requires that the understanding of physical and biological scientists be combined with the 
concems of soeiety as voiced by eleeted officials, policy makers, public interest groups, and 
olhers. 0nJ;y when thís combinatlon oecurs, wiII it be reasonable to expect ecological integrity 10 
result frem our stewardship ofthe biosphere. 

The process of developing a monitoring framework must start by identiJYing the users of 
the infurmation gained frem the monitoring. What infurmation do lhey need, and in what furm 
must it be presented 10 be usabJe? W!th this established, a system identification exercise is 
eondueted so as 10 resolve such issues as what hierarchicallevels wiII be fueused on, what 
temporal and spatial seales wiII be covered, and what processes need to be monitored. 

~asures fur several difli:rent hierarchicallevels and seales wiII be needed (Shaekell & 
Freedman, King). The measures wiII be rooted in the bioregíon and social issues in question 
(Keddy et aQ. A1s0, measures drawn frem a number of dillerent theoretical perspectives (e.g. 
Jandseape ecolo~t self-organization lheory, popuJation biology, etc.) wiII be required for a 
coml?Jete picture (Karr). Sorne measures wiII monitor the general condition of the eeosystem 
and rts environment. Others wiII fucus on specific known thi:eats and the system's response to 
these threats. (M:trshal! et a~ Woodley). Sorne wiII assess damage while others wiII serve as 
early warning aJarms. 

Clearly avariety of measures are necessary 10 adequately monitor ecolo~l integrity. 
King points out that measures must not be over-integrated as this wiII result ID the loss of 
valUable infurmation. Steedman and fIaider, and Keddy et al suggest methods fur developing 
monitoring schemes and indicators. Woodley, Shackell and Freedman, Ml.rshal! et al, and 
Munn al! di<!cuss criteria for monitoring programs and indicators of ecological integrity. The 
work of Scheifur et al (1988) and fIaros et al (1987) also províde ~uidelines fur selecting 
measures. Recently the lntemational Joint Cornmission has published a framework for 
developin$ indicators of ecosystem health fur the Great Lakes Reginn (Intemational Joint 
ComnusslOn, 1991). 

Having completed the process ofidentiJYing the ehanges to be monitored and lhe measure 
thereof; we still mee furrn.ídable technical and scientific probIems. Ecology is still a young 
science and many methodological issues remain to be resolved. Karr points out, fur exampIe, 
that there is a tendeney to take averages as the signal and variabiIity m vAlat is measured as 
noise. 80th he and Woodley point out that the variabi1ity is often, in fuet, lhe signal But how1o 
measure this? 

The next step is development of evaluation criteria. Steedman and fIaider propose a 
proeess fur developíng criteria in general 

Examples of monitoring schemes and specific indicators of integrity are presented in our 
bookl5; for bottom sediments (Reynoldson and Zarrell), fur wetlands (Keddy et al), fur the 
Atlantic ecozone (Schackell and Freeman), fur stream ecosystems (Karr), and fur national 
parks (Woodley). Kayand Schneider (1993) díscusses measures ofecosystem integrity based 
on foodweb analysis. AD of these diseuSSlOns of ecologica1 integrity are rooted in a specific 
context. 

15Woodley. Kay, Francis, 1993 
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Complex systems Iheory and traditional science can help us describe and undersland 
changes in ecologícal systems. Syslems theory can help us focus on íssues of importance vis 
a vis íntegrilY.. However they alone cannot determine which ecological changes constituÍe a 
loss of integrity. When we define eco/ogicsl integrity we are undertaking to integrate everything 
we know about en ecological system and where we want it to be. This integratíon to be 
complete, must inc/ude the sum total of human preferences and concems about the system. 
We must find paths for ecosystem development which assure our specles sUNival both in the 
short and long termo Such peths wi/l balance the needs of other specíes wíth our own, so as to 
maintaln a bíosphere in which humans have a sustainable niche. 

We are developing a framework tor doíng jusi Ihis. The 1Irst step is an evaluation of 
ecologícal inlegrity using the steps outlined in appendix 1. An example of the application of this 
methodology lo a relatively simple example is contained in appendix 2. Figure 10 contains a 
different representation of Ihe same melhodofogy with the addition of explicit decision making 
and management components. This figure clearly differentlales between four dislinct phases in 
the process 

The left box which is about undertaking a system study to understand the current status of 
the ecosystem. This analysis explicitly describes the ecosystem using the notions of complex 
system thinking. As such it is a mamage of systems identificalion and seientific analysis. The 
former involves identifying the nested holons to be studied by bringing together all Ihe 
stakeholders and experts in order to define the proper (not correct) focus (te. scale, extent, 
hierarchy etc.) for the study. This exercise can be facilitated using a methodology such as 
Checkland's Soft Systems Approach. The latter ¡nvolves understanding the ecosystem in terms 
of the attractors available lo it, its behaviour about these attractors (Holling's Figure 00 for 
example) and particularly what is likely to precipitate f1ips between the attractors. Particular 
attention needs to be paid lo the feedbacks, that is the self-organizing processes, which are 
operating lo promote the attractors. This activity represents an effort to ¡ntegrate the best 
scientific understanding we have about the ecosystem. Such an understanding depends on the 
availability of historical and current information about the ecosystem under study. Wrthout 
adequate long term ecosystem research and monitoring, as discussed aboye, the ability to 
successfuUy complete this phase is compromised. . 

The box on the right ís the input from the political procass in society. In our work we have 
answered this question by drawing on vision statements and policy documents for the area 
being examined. 16 

The diamond represents the coming together of what has besn identified as being possible 
with what we desire and nsed. This is the point where science and socio-political issues are 
brought together to define what constitutes a loss of ecologícal integrity. This is the business of 
post-normal science 17. Again this is a political process thal ¡nvolves real world tradeoffs. This 
step consists of identifying inconsistencies between what society wants to do and what is 
ecologically possible. 

The bottom box is about goverance, monitoring and ecological management, Ihat is 
management of our influence on ecosystems. Ecological management is about identifYing the 
influences we have on the feedbacks which pro mote the ecosystem's attractors. We must 
decide which feedback and self-organízing processes to encourage and which to discourage by 
altering our influence as is appropriate. 

A simple example is in order. In the Huran Natural Area (See Appendix 2) a closed soft 
maple swamp (current attractor) in a wetland community could be pulled toward different 
attractors based on the amount and duratlon of the flows of water. Drying events such as an 
extended drought eould pull the system toward an upland forest community or grassland 

16Slocombe, 1993c is a collection of generic SOER sustainability criteria 
17Funtowiczand Ravetz, 1993, 1994. 
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Figure 10 

ENVlRONMENTAL STEWARDSHIP: A POST-NORMAL APPROACH 
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(other altractors) with assocíated vegetatíon structure. If there are extended periods of floodíng 
causing hígh water levels, the altractor would be tha! of a marsh ecoayatem. This is because 
red and silver ~aple are tolerant to fIooded conditions within 30% to 40% of the growing 
season. If floodlng events are greater than this !hreshold. the fores! trees will die, giving way to 
more water tolerant herbaceous marsh vegetation. (The feedback mechanism which maintains 
the swamp attractor is evapotranspiration (Le. water pumping) by the trees. Too much water 
overwhelms the pumping capability of the trees and not enough shuts it down.) 

A subdivision is about to buílt adjacent to the swamp. This could change !he runoff into the 
swamp. (This is the human ínfluence.) However we wish to maintain Ihe swamp. So the 
question becomes how much can the runoff change before Ihe swamp flips into the domain of 
one of!he other attractors? II tums out Iha! we don't know !he current runoffs, or what changes 
can be allowed and would take several years of data collee!ion to determine this. So the only 
way to be sure to maintain the íntegrity of the swamp is for the developer to build in a way 
which does not alter the drainage paltems into the swamp. 

In appendix 2 Ihere ís a discussion of how to apply these ideas to a real site. It is 
incomplete as we are sUU leaming how lo execute the melhodology. However we have leaml 
several lessons worth highlighting. The nes/ed holan approach allowed us to systemalically 
(using the ABeE method) identify the influenoes which were likely lo affee! the ecosyslem's 
integrity. This guided our choice of what informa!ion to colleel and the geographical extent 
whieh musí be covered. 1I also allowed us lo ídentify the self-organizing charactarlstics of the 
ecosystem that needed to be investigated. In essence Ihis provided us with the framework fur 
monitoring for this site. Having said this, it did, however, take us much work lo establish the 
nested holons and information required for each holon, and we are only starting lo collee! the 
necessary data This approach al so explicitly connects the ecosystem to the outsíde world, thus 
il is being analysed in contexto The discussion of altractors makes it explícit for deeision 
makers, that they must decide what they want on the site, and that this decision musl be made 
in the eontext of adjacent human use of the land. (For example, Ihe swamp or marsh or forest 
of the prevlous example.) Having said this. íl must be noted that there is a dearth of information 
about what the potenlíal attractors are and what the thresholds for flips are. as the seience of 
ecology has only just begun to ask these questions. The study of eeosystem as eomplex 
systems ís just beginning. 

In eloslng Ihen, we musl always remember that left lo thelr own devices, living systems are 
self-organizing, that is Ihey willlook after Ihemselves. (A damaged ecosystem, left lo Its own 
devices, has Ihe capability to regenerate. if it has aecass to the informalion required for 
renewal. that Is blodiversity, and if Ihe context for Ihe informaUon lo be used. that is the bio
physieal environment. has nol been so altered as lo make the informalion meaningless.) The 
challenge facing the practice of environmental managemenl Is lo leam how to work with Ihese 
self-organizing processes in a way whieh allows us lo meel our specíes needs, while slill 
preservíng the integrily of eeosystems, Ihal is to say the integrity of the self-organizlng 
proeesses. Put in a more positive way, the challenge is lo manage human actlvltles so as to 
enhanee Ihe natural developmental processes ongolng in eeosystems while doing those Ihings 
we wish lo do. II Is nol ecosyslems Ihal need management, it is our use of the landscape. But 
we can have our cake and eat ít loo. By managing our aelivilies lo enhanee ecosystem self
organization, we will enhance the free benefils we receive from the biosphere. II Is a question 
of understanding Ihe self-organlzing processes in ecosyslems and Ihen managing our actions 
so they inleract synergistiely wlth thase self-organization processes. Only by acknowledging 
that Ihe es~nce of ecosy~tems is self-organizati?n, and ou~ respon~ibility for m~intaining Ihese 
self-organizlng process, wllI we assure our specles a suslalOable OIehe In the biosphere. And 
this therefore ís the focus of Monítorlng, eva/uating the integrlty of ecosystems as self
organizing entities, and Iha state of our inf1uence, both positive and negativa, on ihis integrlty. 
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Appendlx 1 

The Ecosystem Approach to evaluating ecologlcallntegrlty 

A. Define the ecosystem 

Hierarchy (The vertical perspective, what is a part of what?) 
Define the Nested Holons (nested living systems); this defines the contextual relationships. 

Scale and Extenl (Ihe horizontal perspective, where do things begin and end?) 
Whal are Ihe boundaríes of observatíon? 
What are the processes which define the whole? 
What are Ihe boundaries ofthe ecosystem, the holon offocus? 

Structure 
The vertical and horizontal connections between holons 

B. Describe the ecosvstem as a self-organizing entitv 

Non-Linear Models: The synergistic relationships, the cycles, the feedback loops, virtual worlds. 

The attractors (organizational states) and their domains: 
What are the attractors? 

In what dlrection will the ecosystem tend to develop? What are its propensities? 
(Self-organization theory of dlssipalive structures helps answer this.) 

Whal is the behaviour of the ecosystem about the altractors? 
(Homeostatic, Stable, Figure CIJ, Unstable but persists, chaotic?) 

Are there bifurcation points? 
What are the potentlal fllps between attractors? 

What triggers the flips? 
How can we monitor for them? 

What Is Ihe inlerplay of energy, exergy, Informallon and environmental conditions (in space and 
time) which shapes the ecosystem? 

Think carefully about the Figure 00, thelr scale and eXlent, the nested holons and their 
interactions and connections, the informatíon availabfe to the ecosystem, and the 
environmental condltions II must live with. 
(Ecological history and non-equilibrlum thermodynamlcs help answer thls) 

e, How do we evaluate Integrity tor thls ecosystem? 

(What states of ecosystem organizatlon are acceptable to us?) 

What are the ecologlcal processes (a! each of the nested levels) we value and/or need? 
How do we identifY these? 
How do we measure the status of these processes? 
(NoUce that this takes us back to step A above) 

Which attractors represent unacceptable ecosystem conditions? 
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D. Is thjs ínteqrity threatened? 

What are the external torces whieh eould effeet the organizational status of the system? 
Use the nested ABeE melhodology lo idenlify the external influences on Ihe organization of 
Ihe ecosystem. (stress-response ecology) 

What are Ihe thresholds of flips to the unacceptable attractors? (states of ecosystem 
organizalion) 

How do we monitor to make sure Ihese thresholds are nol crossed? 

E. How do we mainlain íntegrity in this syslem? 

How do we mitigate known Ihreats? 
How do we promote positive influences? (For example; fire in a prairie) 
How do we monitor the ecosystem so as to detect changes due to previously unidentifred 
external influences? 

F. How to deal wjth Em;¡¡rgent Complexitv ......... . 

When all is said and done, our ability to predict is severely limited. Unexpected events and 
trends will occur. Surprise will happen, eomplexity will emerge. We must therefore rely on 
anticipatory and adaptive management. 
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Appendix2 

The Ecosystem Approach Applied to Huron Natural Area.1 

The dty of Kitchener and Ihe Waterloo County school board are in Ihe process of purchasing a property 
which contains a mixture of weHands, trout streams, ponds, fieids, and lowland and upland forest bolh 
natural and ptantations. II is a rich mix of the ecosystem types found in south westem Ontarío. The 
property is bounded by suburbia, industrial and agriculturalland. 

Our task ia lo advise on ¡he ecological integrity of the slte. Our approach to thls task la atill under 
construction so Ihis report is only partíal. AJso we hava several hundred pages of consultants reports and 
student papers, all of which can'! be presentad here, but much of which is relevant. We have not yet gol 
to Ihe stage of understandin\l which allows us lo distill Ihings down lo a few dozen pagas. What follows 
are Ihe plecas we have in brief. 

Throughout we used Ihe ABCE melhodology which is an adaptation of Dorney's ABC 
melhodology. Thís melhodology aliows us lo use difieren! disciplinary perspectives wilhout Ioosing our 
sense of \he whole. 

Organlzlng Principie I 
ABIOTIC 

BIOTIC 

CULTURAL 

ENERGETICS 

System Perspectivas 

AirSheds 
WaterSheds 
Geomorphology 

Wildlífe (Species) 
Communlties 
landscape 

Human Use of land 
Cultural and Historical Significance 

Energy Flows 
Nutrien! Flows 

The ecosys!em approach is bolh analytic and synlhetíc. It involves ana'Y.sis of living systems by 
disciplinary sdenee. But understanding comes from synthesizing togelher the dlfferent perspectivas 
gained trom disdplinary science. These two phasas of Ihe ecosystem approach, as they apply to this 
undertaking, are portrayed in the following diagram. In Ihe flrst phase all Ihe communities are examined 
by each discipline. In Ihe second eaeh communíty is examined by all the disciplines in order lo gel a 
integrated understanding of Ihe whole 

Applying the Steps In the Ecosystem Approach 

A. Define Ihe ecosystem 

Hierarchy (The vertical perspectíve, whal is a part of whal?) 
Define the Nested Holons (nested living systems); Ihis defines Ihe contextual relationships. 

Seale and Extent (the horizontal perspective, where do Ihings begin and end?) 
What are Ihe boundaries of observation? 
What are Ihe processes which define the whole? 
What are \he boundaries of the ecosystem, Ihe hOlon of focus? 

Structure 
The vertical and horizontal connections between holons 

IRyan Metcalfe, Steve Diggon. Carl Surgess, Robin Gteene, Marnie E¡¡:gen, Brian McHattie, Mark Conrad, CHut 
!ohnson are undergraduate ERS students who have worked on developmg a framework f?r monitoring ecosyslem 
mlegnty 111 Ibe Huron Natural ATea. 11us work has been supervlsed by Prof. James Kay In consultation wílb 
Kitchener Parks and Recreation dept. staff 

91 



Our ecosrstem J?oun~aries are se! by lhe property línes on lhe site which is determined by lhe City of 
Kltchener In conJunctlon wllh the school board. Our temporal focus is long termo 

We choose tour levels to focus on inside the ecosystem: 

the landscape, 
the communitles, 
the populations, 
lhe Indivlduals. 

The park Is pert of: 

a wider systsm, lhe Strasburg Creek sub watershed. 
whose environment Is the Grand River watershed 
which Is part of lhe wíder environment of the Great Lakes Basln. partiCularly soulhwestern Ontario. 

These relationships are best described by lhe figures and maps on Ihe next pages. 

~VDe I "Ol % óf arel 
11"( 

:¿1.:¿ 14.4 
i son maDle ó.5 4.4 

1.4 1.U 
ianamlxea 13.6 9.4 

omer ~ 41::1.:¡ i:li:I.ti 
92.4 62.6 

"'-IIi I ;:S. o 2.0 
I Old !leldS ano <:0.1 1'.r 
!I active 

~el pltsete.) 
i:I.r :¿'ó 
l . .1 9.2 

open water !$.;j 0.1$ 
55.1 37.4 i 

i fotal l'lf.:¡" I uu.~ I 

B. Describe the ecosystem as a self-organizing entity 

Non-linear Models: The synergistie relationships, the cycles, lhe feedback loops, virtual worlds. 

The attractors (organizational states) and lheir domains: 
Wheit are the attractors? 

In what direetion will the ecosystem tend lo develop? What are its propensities? 
(Sell-organization theory 01 dissipative structures helps answer this.) 

What is the behaviour of Ihe ecosystem about the attractors? 
(Homeastatic. Stable, Figure 8. Unstable bul perslsts, chaotic?) 

Are there bifurcalion polnts? 
What are lhe potential ftlps between attractors? 

What lríggers lhe flips? 
How can we monitor for lhem? 

What is lhe interplay of energy, exergy. information and environmental conditions (ín spaca and time) 
which shapes lhe ecosystem? 

Think carefully aboul the Figure 8. theír scale and extenl. the nested holona and their interactíons and 
connactiona, the information available lo the ecosystem. and lhe envíronmental conditions ít must Uve 
wilh. 
(Ecological hislory and non-equiUbrium thermodynamics help answer this) 
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We are currently doing Ihis on a community by communily basis. II has been done for wetlands, streams 
and upland woods. Ecological analysis usually focuses on inventorying species and sometímes habftats. 
Our analysis focuses on processes, particularly the figure 8. What emerges is a rleh description 01 Ihe 
changes in !he communmes as they 90 Ihrough Ihelr annual and other cyeles. Particular emphasis is 
placad on identifying events which ocour infrequently but have substantial impact on Ihe community 
(windstorms, fIoods, harvest lor example). In Ihis regard we have found the knowledge of local people lo 
be invaluable. One famlly has kept records wilh maps and photos 01 how Ihe site has changed since the 
tum of Ihe century. We also have a series 01 air photos which go back to the 19305. The most diffieull 
challenge facing us is Ihe identification 01 Ihe dífferent attractors. 

Sorne examples 01 different attractors and potential ftips: 

For example, the closed soft maple swamp in the wetland community could be pulled toward different 
attractors based on Ihe amount and duration 01 the flows 01 water. 

a) Drying events such as an extended drought could pull the system Ioward an upland foresl community 
or grassland with assoeiated vegetation structure. 

b) 1I Ihere are extended periods of flooding causing high water levels, Ihe attrac!or would be that 01 a 
marsh ecosystem. This Is because Ihe red and silver maple are toleran! to flooded conditions within 
30% lo 40% 01 Ihe growing season. If fIocding events are grealer lhan Ihis threshold, Ihe foresl trees 
will die, giving way lo more water tolerant herbaceous marsh vegetalion. 

c. How do we evaluate Inteoritv lor this ecosystem? 

(What states 01 ecosystem organization are acceptable lo us?) 

Whal are Ihe ecologioal procasses (al each 01 Ihe nested levels) we value andlor need? 
How do we identify Ihase? 
How do we measure Ihe status of these processes? 
(Notice Iha! Ihis takes us back lo step A aboye) 

Which altractors represen! unacceptable ecosystem condítíons? 

What lollows are Ihe actiVItles and characleri3tlcs which determine/describe Ihe organization and thus 
the integrity 01 eaeh of the nested lel/els withín the ecosystem. 1I is nol sufficienl lO símply describe these 
as Ihey now are, but to also explore how they will be aflected by environmenlal change and how they will 
evolve over lime, paying particular attention to figure 8 and catastrophic behaviour. Al! of Ihís ís in the 
context Ihat we do not wish this site to be altered by external human influences, but it is lo be used for 
recreation and education. 

We have only established in the broadest 01 terms which a!tractors are unacceplable. For example; elear 
euttíng Ihe foresl plantations on site, or leaving these same age stands lo collapse all at once, or !he 
invasion 01 the wetlands by purple loosestrile spreads. 

The Landscape 

¡ot e 
rms 

ovement pattems 
Breeding grounds or winlering grounds 
Existing exotics 
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I,,;ommumues Inler SP'lIIa¡ ana temporal relallOnsmp 
(annualandlongertenn ) 

Cultural Human Use I.'Ompaction 01 sons 
Littering 
Transportafton routes and paths 
People walking petstwandering pels 

I,,;unural valUe t:aucatlon 
Recreation 
Hunting/fishing 
Resouroe extraction 
Speculation/profit 

Histoncal land use pattems 
habilation 
resouroe extraction 
hunting 
Archaeological sites 

energetlC. t:nergy r'rOOUctlVlty, resplrauon, olomass 

I 
NUtnems Numem nows 

The Communities 

, 
~~a~lZ.mg 
P nclples 

5ystem perspectlves I "naraCtenstlcslActlVmes 

energetlcs cnergy ano NumenlS overall energy Dalance 
the tood web 
lrophic structure 

, nutrient cycles , 
SIOtlC vvnollle maJOr popUlatlOns ano melr mcne 

interactions ( ) 
fttion 

~~SIS 
i 

spal I and temporal dístribution ( ) 
• exisling exotics 

ADIOtlC Alr tlOWS pattems or alr now 
micro cllmate issues 

VValernows SUrTlClal (energymutnems) 
I ground (energy/nutrienls) 

-.;eomorpnology 50115 

erosion 

Cultural Human use stu<:lent stuay or community 
transportetion routes and paths 
compecnon of soils 
people walking petstwandering pets 
líttering 
vandalism 
harvesting ot wildlife : 
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Populations 

D. 15 !bjs inteqrtty !brea1ened? 

t'opUlatlon ~namlC$ 
populanon aensny 

minimum viable population size 
ínterspecific competítion 
intraspecific competition 

demographics 01 population 
predator prey relalions 

growth and reproductive rates 
realized niche 

. Whal are !be external forces whlch could effect !be organizational status of the system? 
Use !be nested ABeE me!bodology lo IdentIfY !be external ínfluences on the organization of!be 
ecosystem. (stress-response ecology) 

What are !he !bresholds 01 flips to Ihe unacceptable attractors? (states of ecosystem organizatlon) 
How do we monitor to make sure these thresholds are not crossad? 

So for each hierarchicallevel, outside Ihe ecosyslem, we have done an ASCE analysis 01 lactors whlch 
effect self-organiza!ion wlthin !be ecosys!em and thus need to be monitored and studied: 

The Wid5Environme~t 
GREATKES BASI (CENTRAL SOUTH WESTERN ONTAR10) 

The Grea! Lakes Basín, in particular Central Sou!h Weslem Ontarío, has been identified as !be 
larges! geographical extent which will influence Ihe Huron Natural Area. This geographic boundary is 
specifically chosen lo accounl for all flows Ihal TUn into the study area. This outer mest hierarchicallevel 
will lorm the 'wider environment' which will be sludled and monitorad. The effects 01 bo!h poin! and non 
point sources of air pollulion coming from outside !be 'Wider Environmant' also naad to be considered and 
monitored. 

n uences 
po u Ion sources 
-poinl sources (industrial) 
-non poinl sources (agricultural, aulomobíles. elc.) 

weather pattems 
10 e mIgra ory sp6Cles w 

exolic species (e.g. zebra mussels, purple loose strlfe) 

TERSHED 

-point sources (industrial) 
-non point sources (agricultural, automobiles, etc.) 

weather pattems 
-heat island effect from 

-recharge areas 
-aquifers 

95 

, 
! 

! 
1 

I ¡ 
¡ 
¡ 

I 
I 
J ¡ 

1 ¡ 
í , 

{ 

t ¡ 



! surficiaJ 
-fIoodlng 
-runoff 

Dloue VVIlOlITe local movemen~ - specles move In ano. out OT !!le 
Strasburg Creek Watershed from Ihe Grand Rlver 

I 
watershea (Le. deer. coyote's, etc.) 
migratory species (fowl) 
Inundation of exotlc species 

landscape , Al! Interactlons provloed by lhe structure or 1S00anon OT 
corrtdors and patches 

cUltural Human use rural, suournan, urnan, Industnal interactíons 

SUB WATERSHED 

Slrasburg Craek sub-watershed (The Wider System), Is located wllhin the Grand River Watershed. 
Everything which ímpacts this sub-watershed has an effect on the study area, Al! water from this level 
drains directly into and Ihrough Huron Natural Area. For thls specific reasen, al! four components of the 
organizing principie are needed at Ihis extent to identify the Influences on the integrity of the Huron Natural 
Area. 

Agaln Ihis Is a Ilst of influences, but il does no! deal with the dynaml<?3 of Ihe effects 01 Ihe influences on 
the organlza!ion and hence integrity ofthe Huren Natural Area. Bu! ít does Identlfy Ihe aspects whlch 
need lo be studied. 
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E. How do we maintain integrity in this svstem? 

How do we mitigate known threats? 
How do we promote positive influences? (For example; tire in a prairie) 
How do we monitor the ecosystem so as to detect changes due to previously unidentified externai 
influences? 

This is Ihe question we have deall wilh the least A few threats which need lo be dealt wilh qulckly have 
been identified: 

An asphall plant on site Is being shul down. 

Dralnage pattems from new sub divisions mus! be underslood as there is reason to suspect that they will 
fundamentally change the nature of the wetIands en site. The wetlands could be subjected lo an increased 
duration of water flow and also runoff from lawns and roads which willlimit sorne vegetation and may 
reduce breeding habitats, food !lourees and promote the spread of exotic species. Rather than take 
re medial actlen, alterlng the subdivision plan before conslrucüon lo avoid thase problems Is being 
pursuad. 

Invaslon by Purple Loosestrife, which spreads quickly and chokes oul natural vegelation, limiling habijals 
and species diverslty, would force the welland to a dry land ecosyslem (a new attractor for the wetlands 
which represents an unacceptable condilion). 

The loading of phosphorus (runoff from fertilizers, cleared land) induces an explosion of algal growth 
which can choke the stream ecosystem by causing eutrophlc conditlons which upset habitats and food 
sourees for resident species and give way lo other fish species. 

F. How lo deal wijh Emergent Complexitv ......... . 

When all is said and done, our ability to predict is severely limited. Unexpected events and trends will 
occur. Surprise will happen, complexily will emerge. We must therefore rely on anticipalory and adaptive 
management. 

This project started out explicitly using an ecosystem approach and this Is the approach used by the Clty 
of Kltchener in íts planning and parks and recreanon departmenls. So a bureaucracy is In place tha! has 
this focus already. A steering commíttee has been established which will focus on maintaining the 
integríty of the area while allowjng its use for recreation and education. The mandate of this committee Is 
stewardship of nature and management of human use of the ecosystem. This is seen as an ongoing 
adaptive process. 
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Panel Discussion 

Mario Giampietro, INN, Roma 

Figures 1 Ihrough 6 and the following list of indicalors comprise Ihe overheads used by Mario Giampietro 
in his presentation. 

Indicatora for System Health 

There are a number of different sets of indicators. The seIS identified here ¡nelude: ecological context, 
soclo-economic context, material slandard of living al Ihe household level, and the degree of freedom 
from local biophysical constrainlS. 

1. Ecologlcal Context 

Indicators of stress must cover diflerent seales: 

Globallevel 
Regionallevel 
Wa!ershed level 
Village level 
Farm level 
Field level 
Soillevel 

They can refer to: 

(i) Díree! measurement of envíronmenlalloading eg. Kg ef pesticide er fertilizers per hectar per year; 
pollutanlS discharged into Ihe environment 

(ii) Assessment ef alteration of matter and/or energy flows ego W/kg; W/square metres; other 
Ihermodynamic indicators; densi!ies of nutrien! flows 

(m) Bioindicalors ego Key spacies giving information on Ihe health ef the natural system wilhin which 
they operate; vegetal associations; biodiversity assessment 

(ív) Landscape pattem ego Fractal dimension of agricullurallandscape; híerarchical organizatien in 
space and time of matter and energy ffows. 

2. Socio-Economic Context 

• Average body mass 30-60 kg 
• THTIC 10-45 
• Dependency on importalion for food securtty 0-50% 
• Exolendosomatic energy ratio 5-90 
• BEP 15-1600 Mj/hour 
• Exosomatíc melabolic ffow 35-900 Mi/cap/day 
• Cereal surplus per heclare -3000 +4000 kglha arable land 
• Cereal surplus per hour -1 +85 kg/hr agriculturallabour 
• Cos! of agricultural surplus ·13 +37 US$lhour labour 
• GNPlcapila 90-36000 US$/caplyr 
• ARL .10-45 U S$lhour 
• Expenditure for food 6-60% og GDP 
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• Total food energy supply 
• Total protein supply 
• Animalltotal protein ratio 
• % labour force in agriculture 
• Farmer income Vi national income average 
• GOP in agric Vi labour force in agriculture 
• Agricultural taxeslsubsidies ratio 
• Prevalence of child malnutrilion 
• Infan! mortalily 
• Child mortality 
• Low birth weight 
• Lile expectancy 
• Population/physician ratio 
• Populationlhospital bed ratio 
• Pupillleacher ratio 
• /lliteracy ratio 
• Radio ownership 
• Television ownership 
• Car ownership 

3. Material living at the Household Level 

• Average body mass 
• THT/C 
• Dependency on market for food security 
• Endosomatic metab~!ic ftow 
• Exosomatic metab, flow 
• NDC 
• ARL 
• Expenditure for foed 
• Total foed energy supply 
• Total protein supply 
• Animal/total protein ralio 

1500-4000 kcallcap/day 
30-130 glcap/day 
15-70% 
4-70% 
0.6-1.0 
.10-1.5 

.5-6-% 
4-170ltihousend 
6-320/thousand 
4-40% 
39-79 years 
210-73.000 
65-65.000 
6-90 
.5-90% 
25-2.100Itihousand 
1-820lthousand 
.5-570/lhousand 

34-60kg 
10-45 
0-100% 
6.5-9.5 Mj/cap/day 
35-900 Mjlcap/day 
50-50.000 US$/caplyear 
.10-45 US$lhour 
5-75% of NDC 
1500-4000 kcallcap/day 
30-130g/cap/day 
15-70% . 

4. Degree of Freedom fmm Local Biophyelcal Constralnts 

• Dependence on fossil energy 0-90% 
• Dependence on importad inputs 0-100% 
• Dependence on importad foods 0-50% 
• Ecological lOO! print 
• Natural flow boosting ratio 1-50 
• Halyear equivalent on halyear actual ratio 
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Figure 1 

Present 

• Economic variable 
(prices, taxes, costs) 

• Teclmical Coefficients 
(outputlha, outputlhour, 
outputlinput) 

• Physical Constraints 
(available land, rainfall, 
soil quality, sJope) 

Virtual Future 

Aspirations, Wants, 
Passional Entailment 

Profile of 
Landuse 

Profile of 

Given Past 

Cultural Identity, 
Experience, Rationality 

MultileveJ Reading 

Country Level 

• MaxONPp.c 
• Min % of work force in agOc. 
• Min cost of food supply 
• Min gradients among parts 
• Max food self-sufficiency 

Househo!d Leve! 

• Max household income 
'MaxTHT/C 
• Min risk of food security 
• Min time spent on dai!y chores 
·BEP 

Ecosystem Level 

Environmentalloading índices 
covering different &pace-time scales for 
describing processes oecurring on 
different levels eg. Soil, plot, fimn 
village, watershed, biosphere 



Figure 2 

Environmental loading 
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Figure 3 

The Amoeba approach 
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Figure 4 

The AM DEBA Approam 
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Figure 5 

Examples of application 
of Amoeba Approach 
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Figure 6 
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REVlEW OF SOME CRITICAL CONCEPTS 
Gilberto C. Gallopfn 

The purpose 01 Ihia briel presentation ia to highlight some critical concepts derived lrom oomplex systems 
and dynamical syslems theories Ihal may be useful in Ihe sludy 01 real agroeoosys!ems; I will Iry lo Iook lo 
Ihe basic meaning, ralher!han lo !he formal aspects. 

The lirst relevanl conoepl is lha! 01 atate. In Ihe most general lerms, a state le "any well delined oondilion 
Ihal can be racognized if íI oocurs again° (Ashby) 

The state of a aystam is epecified by a list 01 !he values (nol necessarily numerlea!) taken al a given 
moment by each 01 Ihe variables representing the system. Eaeh is a stale variable. Each can be 
visualized as specilying an axis 01 a coordinate system. Thus, the state of Ihe system is represented by a 
point in !he coordinate system. 

The atate (phase) space is a subset 01 n-dimensional spare, delined as the totalíly 01 possible polnta lor 
"the system (e.g., non-negative population densities) 

• The stale epaee ie t'le spaca of the possible: il conlaine nol jusi what happene bul what might happen 
under differen! circumstancee. 

• Attractors (and repellers) are subsets of the state space (points, limi! cyctes or orbits, lorii, higher
dimensional attractors. stranga attractors) 

Therefore, which altraclore exisl or can be idenüfied depende on how Ihe state apaee ie defined (e.g. lor 
the whole aystem, or for a subsystem) 

In due course, a system led to itsalf will end up into one or anolher of its (finite) number 01 altractors. The 
altractors can be visualized (metaphorically) as depressions in a ·stabllíly landscape" to which Ihe state 01 
the system (viewed as a hall or marble) tends lo lall. Thus, the different attractors conslitute the total 
numbar of altemative long-term behaviors o( the system. 

Sinca Ihe syslem follows trajectories that inevítably Ilow inlo altraclors, liny attraclors will "trap" !he system 
into liny subregions 01 its state space. 

• The attraetors, íl small relative to the total slate spaee, "creale" order (even in Ihe case 01 strange 
attractors). Thus, Ihe existence 01 aHraclors "reduces" Ihe problem. 

Anolher importanl ooncept ia Ihat of dynamicel system, a concept rich in polentially useful concepts even 
íl ít is nol formally applied lo a oomplex case-study. In generallerms, a formal dynamical system includes: 

• State ("phaseH

) spaee 
+ 

• Rules 01 changa (equations 01 molion, or dynamical equations, or evolution equations, or vector 
lield): 
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where ),. = control parameter (depending on !he extemal world; may represent a gradient with the 
envíronmant) 

The loroes of motion (and gradienls) are irnbedded in !he equations, thay are nol the attrsctors. Attractors 
are particular solutions of the equations 01 motion (e.g. lor dX¡dt=O) 

One conclusion in terms 01 the applicaticn 01 those nolions lo Ihe case 01 UcayalVPucallpa is !ha! the 
goaJs 01 !he social actors are par! 01 !he loroes 01 motion, they are nol !he attraclcrs. 

In a very naive lorm, il Ihe interesllies in lhe relationships between "developmenf (as measured by 
economic growth, quality 01 lile, or any other relevan! indicator) and renewable natural resources, lhe 
system could be described as lollows: 

Le! NR = nalural resources, and O = development level 

sta!e - {developmentlevel. natural resources} 

and 

& 
1 =d(development)/dt=F(NR, D, social goals) 

dt 

& . 
-~=d(1U/tural resources)fdt=G(NR, D, envíronmentalgoals) 
dt 

The attractors are sets 01 values 01 (Development. Natural Resources) 

Another issue that needs more thinking is tha! 01 roada as attractors in 

J 

the case 01 Ucayali. This is rather complicated. If roads are viewed as attractors, the spacial distribulion 
must be included in !he phase space. On !he other hand, road densily (Ad) might be a parameter for /and 
use intansily (LUI): 

WI WI 

Id Id 

Changlng stabllHy landscapes 

The stability landscape ilself may change. 

Any system has variables Ihal are held practically constanl and are called parameters 01 the dynamical 
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system. 

1I a system has a number 01 pa¡ameters. one can imagine. similar1y lo !he state $paca, a paramater 
spaca, where each axis corresponds to one parameter. A poinl in parameter space relects a spacHic 
combination 01 all parameter yalues. 

Any point in parameter spaca corresponds to a lixed sel 01 basins 01 allraction and allractors in the 
corresponding state space of !he dynamical system. 

Each point in parameter spaca spacifies the dynamical syslem delined in the differenlial equations and 
henea also spacilies its state space and all its basins 01 allraclion. 

As the parametars changa slowly, some or all of !he Irajectories and basins of allraclíon also change 
slowly. However. for particular yalues 01 !he parameters. dramatic changes (bifurcations) may occur. A 
basín may contract lo nOlhing, or a new basín may appear. 

... 
~ 
E 
~ as a. 

I 

1 
Impllcatlons tor use of !hose concepts to messy complex systems 

• Issue: how lo define Ihe stale space for Pucallpa (non trivial) 

one large attractor 

one larga attractor 
bifurcation 

two attractors 
bifurcation 

one attractor 

• Issue: how to decide whether the system has allractors and which are Ihey if we do nol haye a good 
mathematical modal 01 lhe systam (the usual situation). This is a difflCult problem. Use hisfory? Look al 
projecUons in lower dimensionalíty $paces? Look al Ihe forces acling. gradients. etc.? How lo deal with a 
new system being created (which Is the case 01 a system in development)? 

• Allractors, phase space and other concepts discussed aboye should be used as metaphors. generating 
new queslions and viewpoints and helping lo focus attenlion on posible system behavior and undenying 
dynamics. ramer man as rigorous hypothesis and explanations. 
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The Research Process 

Tamsyn Murray, CIAT 

The primary goal of this project Is lo develop a framework that can guide agricultural research. Therefore 
we not only wish to provide new concepts and forms of analysis to better understand agroecosystems, 
but also develop a research process, a melhod, Ihat will outline for future researchers Ihe necessary 
steps lo be taken to achieve a more complete understandlng of the system. Figure 1 represen!s the 
second draft 01 such a proposed research method, Ihe maln revlslon on Ihe previous version being Ihe 
change in Ihe order sequence. It was agreed that Ihe scaling process, le. Definltíon of Ihe systems and 
Its boundaries, should come afler Ihe history of the system has been described and atter Ihe critical 
problems and issues have been Identified. II would seem Ihat Ihe system of Interest would be determined 
by Ihe problems at hand. 

We have identífied a series a steps Ihrough whlch bolh researchers and stakeholders progress. Allhough 
there Is a particular sequence to the procesa, Ihe whole procesa is iterative. As new Informatlon Is 
discovered past stages are revlslted and modiftad. The dtffering roles and responslbllltles of the scientis!s 
and stakeholders must be explicit. 

The following seetion includes briel descriptions of the dtfferent steps identilied: 

Historieal Reeonstruction 

In order to discover the dynamics of the system, repeating pattems, crltical processes and cause-effect 
relationshlps, the hlstory of the system neads to be reconstruetad. In this projeet we separatad key 
developments into ecological, economíc, demographic, political and cultural dimensions. In addltíon we 
focused on changes in the pattem 01 ol'9anlzatíon I.e., the configuration of relatlonshlps among Ihe 
system's components that determines Ihe system's essential characteristícs, changes in strueture and 
process. 

Problem(s) Analysls 

During Ihis step the critical management 90alS and objectives are identilied. This helps to hlghlight !he 
key issues or problems Ihal are of interest to Ihe stakeholders. Once !he objectives are definad, Ihe 
indicalors tha! allow one to assess the performance of such objeetives are identlfied. 

Scaling 

There are two parts to this process. First Ihe system 01 Interesl Is defined and delimited, as not all 
aspects of the syslem can be includad. The boundaries both in time and space are identified, ie. what is 
the extent of the system and over what time period are we concemed. In addition we need to identify 
whal type of system il is, eg. agricultural, fisheries, or forestry system. This defines our perspective, 
clariftes what is of interest lo the observer (trees, lood, inceme). Second, the system is situatad wllhin a 
nested hierarchy and the key contextual relationships with higher and lower systems in this hierarchy are 
identified. In scaling we are able to begin to highlight Ihe cross-scale interactions and the level al which 
importan! emergent properties beco me evident. 

Subsystem Models 

Problem(s) analysis leads naturally on lo Ihe descríption of various subsystems models Ihal detail Ihe 
different system variables on Inleresl. Focussing on subsystems allows simplification 01 dtfferent 
processes across time and space, and allows one lo clarify Ihe key interactions and infiuences in the 
system. 
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Re-Examlnatlon of the System 

At thís step complex systems theories are applíed. The application of complex systems theones should 
províde us wíth s different understandíng of syslem behaviour. 

Compansons 

These interpretatíons, both Ihe subsyslem models and Ihe CST applícalions, are broughl ínto the real 
world and sel agaínsl the perceptíons of whal exists there. This could be done either in collaboratíon with 
slakeholders or with other tools such as GIS and remote sensing. The purpose of Ihe companson is in 
par! lo generate a debate with concemed people in the reglon which will later aíd in defining possible 
changes which are both desirable and feasible. 

Change. Actlon and Monltoring 

These Jater steps are driven primaríly by Ihe stakeholders. Once they are complete the problems and 
crítical ¡ssues need to be reassessed. 

If Dne wishad lo think of these steps in terms of researcher- community interaelion, we migh! suggest thal 
the scaling and historiesl reconstruetíon .ís best done by CIAT researehers alone; problem analysís and 
subsystem models by CIAT researehers In ccnsultatíon with stakeholder groups; re-examínalion usíng 
complex syslems Iheory Is done mainly by scien!ísts, !he comparíson 01 developed models wíth realily 
and previous models Is done by bo!h scientists and stakeholders, whereas !he las! few stages, trom 
identifying possíble changes, ínstituting and !hen monitoring them are maínly stakeholder driven, wíth 
lacílHation and advice from scientists. 

An equally importanl outcome 01 this process relales lo the ability 01 Ihe crealed or modified stakeholder 
institutions lo sustain the process in addressing new probiems. Participation ín thís process should be 
more than a "one-lime" Ihing. We wísh lo creale instilulions in whích people can, and do, conlinue lO 
particípate in solving their own problems long alter Ihe researchers are gone. This is the ullimate sign 01 
success. 

Finally, we emphasíze that this process can be usad lo address many Iypes of problems; it ís bolh 
iterative and mulli-facelad. There is no elesr endpoint because agricultural suslainability, in an 
ever-changing global situation, involves notjust environmental conservation and economic viabilily, but 
the creation 01 agricultural ínstítutions and management practices which are responsive, adaptable, and 
can "Iearn" as Ihey 90. 
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Figure 1: Different Stages in the Research Process 
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PERCEIVED GOALS AND INDICATORS 
Gilberto C. Gsllopfn 

1 wanl lo share with you, as background Informallon, sorne results of two consultations on lhe major 
Issues, goals and desirable Indicalors suggested lor assess Ihe degrae of accomplishmenl of Ihe goals. 
The first consullation was!he Inlemal Workshop at CIAT (March 3,1997) 2nd !he second was!he Flrsl 
Workshop w~h the CODESU Dlrectors, al Pucallpa (May 5, 1997). 1I Is important lo be aware that further 
and wlder consultatlons are planned; lhe outcomes presentad here hava, as from now, only indicative 
valua. 1I Is quite possible lhal further consultalíons will bring major changas lo !he íssues, goals and 
Indicators. 

MAJOR ISSUES FOR THE PuCALLPA AGROECOSYSTEM 

Note: (1) = identified at the first inlemal WOrkshop (ClAn; (2) = identified in Ihe first Pucallpa workshop; 
(1+2) = identified in both workshaps. 

WHOLESYSTEM: 

• Perverse resllience (contagious unsustainabil~?)(l) 
• Road system as organizing principie (1) 
• River system as organlzing principie (1) 

AGRlCULTURAL: 

• Degraded pastures (1) 
• Increased monocropping (1) 
• Efficiency 01 agricuttural inputs (1) 
• Low cattle inventory (1) 
• Low genelic potential (1) 
• Lack 01 agricultural machinery (1) 
• Seed Stlpplies (1) 
• Utilization 01 non-traditional crops and agroindustries (e.g. Uña de gato, camu-camu - polenlial uses 01 
biodiversíly) (1) 

• Weeds (1) 
• Soíl fragilily and Iow lertil~ (2) 
• Lack 01 appropriate agricultural lechnology (2) 
• Irreversible loss 01 soillland productiv~ (3) 

FISHERIES 

• Deplelíon and dagradation of lishing stocks (1+2) 
• Pollution of breeding flsh grounds and critical habltals (potential; Iniría. narcotraffick) (1 +2) 
• Scarcily 01 information about ornamental and subsistence lishery (2) 
• Loss 01 fish biodivers~ due lo fishing (2) 

ECOLOGICAL: 

• Delorestalíon (1+2) 
• Increased fragmentation (1) 
.Increased percentage 01 secondary growth (1) 
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• Impacta of coca on biodiversily (1) 
• Impacts 01 coca on defores1ation (2) 
• River pollution (narootraffick) (1+2) 
• Impacts of selective logglng (1) 
• Lack of inventory or information on biodiversily (1) 
• Impacts 01 activities in floodplain on rivers (1) 
• Environmental impact 01 lhe exploitation of natural gas (2) 

EcoNOlllC: 

• Transport cosls (1) 
• Labor and capital scarcity (1) 
• Sudden foreign invas1menl and inflow (e.g., DEA) (1) 
• No extension services (1) 
• Coca • economic impacts (1) 
• Unreliable marl<els, price fluctuations (1+2) 
• Extractive and absenlee lorestry sys1em • little reinvestmenl in local economy (1) 
• Nel economic outflow from region! Net expon of rescurces and benefits (at regional and nationallevel) 
(1+2) 
• Undervalued land priees (because 01 guerilla, ele.) 
• Lack 01 access lo credil (because lack 01 windows lor smallloans) 

HEALTH: 

• Human health problema (maybe) (1) 
• Human health deterioration due to environmental degradation (2) 
• Water quality (1) 
• Urban air pollution (1) 
• Lack 01 sewerage facilities (1) 
• Medical uses 01 biodiversity (1) 

SOCIAL ANO DEMOGRAPHIC: 

• Coca· social impacts (e.g. coca cities) 
• Urban unemployment 
• Rural lo urban migration· social problems (e.g. out migration 01 youth lo Pucallca) 
• Urban poverty (no clear problem 01 rural poverty) (1 +2) 
• Extractivistic bias (negativa attilude towards conservation) (2) 
• Widening 01 the income gap (at Ihe regional. nalional and inlernationallevels) (2) 
• Lack 01 basic services (drinking water, education. heallh) (2) 

INSTITUTIONAL: 

• Institutional instabilily 
• Lack 01 policy continuily 
• No land monitoring agency 
• Weakness and lragmentation 01 the environmenlal regulations (2) 
• lack 01 environmental contenl in Ihe educational policias (2) 
• Scarcity 01 pol!cy ínslrumenls al lhe regional level (2) 

POUTICAL: 
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• Power structure (e.g. concentrated power 01 timber industry) (1) 
• Geopolítical context - Amazon sean as important source 01 development lor nation (1) 

SclENCE AND 'fEcHNOLOOY 

• Unreliability 01 the slatístics (2) 
• Dominance 01 !he productionist approach lo research (2) 

MAJOR DETERMINANTSlcONDmONING FACTORS (OR DRIVERS) 

(Note: discussed only al the Pucallpa workshop) 

• Quantíty and skílls 01 colonists (mostly 01 Andean origín); cultural and productive tradition (an ambivalent 
lactor) 
• Volume and variety 01 the supply 01 natural resources 
• National policías lor evaluatíon 01 natural resources 
• Lack 01 participation (anomia?) 01 the civil society (an effeet lrom terrorism?) 
• Partícípatíon potential 01 the civil socíaty (Pucallpazo) 
• Instítutions 

GOALS 

Note: !he indícalo", "'" based on!he firo! CIAT workshop and!he tiro! Pucallpa workshop; sorne havo baen modIfied. In particular, 
!he poIicy fostering !he Ucayali region as !he Iood basquet for Poru he. baon abandonad during !ho presont govommont 

For!ho presont purposos, "agriculturo"lnclud •• crap coltivatíon. ranchlng, and forestry. 
"'Resource" is a gsneric term includ1ng agriculluralland, forest stock, and fish stock. 

INDfCATORS OF 
OFGOALS 

00a11. Enhance Productlve Capaclty 

• Total agricultura! production (volume and value) 
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f(productivity, resource volume) 

• Productivity (total and per factor; in voIul1l6 and value) 
f(resource quality, inpulS, technology, prices) 

• Land under production 
f(total available land, land colonization rate, land abandonmentldegradation rate) 

• Ratio productivelabandoned /and 
f(land under production, abandonad land) 

• Agricultural dive/Sification 
f(habitat dlversity, producer's objeetive functions, existence of markets, aocess to markets) 

• Fish production (va/ume and va/ue) 
1(lishery productivity, fishing effor!, fish stock) 

• Fishary productivity (vo/urna and va/ue) 
f(cateh per unit eflor!, total eflor!, plicas) 

• Fish recruitment rate 
f(fish stock, health 01 the aquatlc aocsystems, lísh harves!) 

• Fish species composition 
!(habita! characteristics, selective harves!) 

Goal 2: Increase<! food productlon tor the Natlon 

• Total regional (ood production 
f(agncuHural productivity, resouree volume ·Iand under load crops) 

• Ratio of regional to national foad production 
f(regional foad production, national foad production) 

Goal 3: Protect the envlronment 

• Graenhouse gasas emissions 
f(area used, land cover, land use technology) 

• Proportion of degradad land 
f(land quality -or fragllity-, land use technology, land under production, totalland available) 

• Proport/on ol/and with nat/ve vegetation 
1(land colonization rate, land use technology, initlal stock olland with native vegetation, totalland 
area) 

• Deforestationlreforesfation ratio 
I(deforestation rate, retorestation rate) 

• Pareentage of protected areas (wíthin specified ecosystems) 
I(total area, area under production, degradad lands, ecosystem diversity, environmentallaws and 
their enforcement, pressures lor production) 

• Mlsmatch between actual and optima/land use 
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I(optimalland use, actualland use) 

• Changes in species composition of indicator species 
I(natural ecological dynamics, land use, water poIlulion) 

• Indicatore of water poilution 
I(siza of human settlements, technology 01 domestic waste processing, voluma 01 industries, type 
01 industries, industrial technology, waler volume/llow) 

• Indicatore of squatic ecosystem heslth 
f(ecosystem type, water pollutíon, fishing pressure) 

Goal 4: Sustalnable management of blodlverslty 

• Propol1ion of nativa specles with marlcet vslue 
I(tolal number 01 species, number 01 speaies wilh market value. technology 01 resource use, 
voluma of resource usad) 

• Number of non-traditíonal specles belng utilizad 
I(total number 01 non-traditional species, market- or use-value of non-tradilíonal species. 
availability 01 technology, relativa prolitability 01 other uses) 

• Habil8t /oss of wild species 
I(habitat diversity, habital sizes, voluma o/ resourre use, technology of resouree use, pollution) 

• Other indicatofS of sustaínsbie management (?) 
I(??) 

Goal 5: Increase human welfare 

• Chíld morta/I/y 
f(nutrition, education, heallh, environmental conditions, access to medical services) 

• Average Income 
f(total regional income, lotal regional populatíon) 

• Incoma distribution 
I(employment, tax and reallocation systerns, social structure. power structure. ?) 

• Capital sccumuJatíon 
f(capital Inveslments. capital depreciatlon) 

• Poverty level 
1(lncome distribution. total Incoma. social and power slructure. education & skills, resource 
degradation. 1) 

• Unemp/oyment 
f(labor supply, labor demand) 

• Morbldity (diarrhesl, respiralory) 
I(sama as lor chíld mortality) 

• Sal/sfao/ion (suicide rafes) 
f(living conditions. cuRural and psychological factors) 
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• Críme 
f(regulatory and enforcement systems, social slruclure, poverty level, community health) 

• Social support networks -communíty heaJth 
f(social structure, culture, enabling systems, power distribution) 

Goal 6: Empowerment 01 locallnstHutlons 

• Local market versus central govemment determination o, prices o, agricultural produce (ratio) 
f(strength of local markels, national political sySfem, govemmental applicalien 01 instrumenta, ?) 

• Dependency ratio: ratio o, regional economic product to the total vafue 01 imports and exports 
I(regional production capacity, extra regional rnarkets, nalienal and regional policies, 7) 

• Proportion 01 credit lrom intra-regional banks to cree/it 'rom extra-regional banks 
I(banking regulalions, volume and diversity 01 inlra-regional banks, national and regional policiea) 

• PefCent of firms owned focalty to firms owned extra-regionalty 
f(power structure, regulations, regional productive capacity, time since establishment ollhe lirms, 
7) 

• Percent of pub/ic services paid for by the local govemments 
f(national and regionalllocal policies, regional productive capacity) 

• Changas in volume 01 membership 01 íocal institutions 
f(number 01 local institutions, culture, social structure, lime since establishment 01 local 
insti1utions, perception 01 uselulnesa 01 local institutions, perception 01 uselulness 01 extra
regional instiMions) 
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Workshop Discussions 

In the workshop discussions we se! out lo develop a CST interpretation of Ihe case study using the basic 
concepts already explained in Ihe seminar and further refined in Ihe panel session. The goal was to 
construct a conceptual "model" (not in !he quantitative sense) of PucallpalUcayali wi!h eST and identify 
!he most critical guiding questions, hypO!heses and metaphors tha! will help ua beller understand the key 
processes and dynamics of the system. In addition we wished lo initially outline ¡he skelelon 01 a 
framework, !hat can then be further modifled and tested in Pucallpa. This framework is intended lo 
provide a guide for agricultural research in messy complex siluations such as those !ha! present 
Ihemselves in !he region. 

To begin, the research proeess presenled earlier by Tamsyn Murray, was allered, The revised process is 
shown below (See Figure 1 b). The main difference involved the clarificabon of the scaling slep. II was 
recognized !hal prior lo !he development of subsys!em models and more seetoral analysis, i! was 
imperative tha! a broad conceptual model of the syslem of inlerest was defined. This would inelude more 
Ihan jusI scaling. For example the type of syslem, key processes, human and eeological, as well as ¡he 
defining contextual relationships, must be identifíed. More specifically, the syslem or state variables that 
have lo be included in order lo fully comprehend !he dynamics of the system, require identification. This 
is a critical lask as incorreel identificalion 01 variables will result in invalid models and flawed 
underslanding in the future. 

Once we had identitied !he importance of the building of the conceptual model we started !he process of 
describing the system. As with any holistic system approach, one of Ihe mast critical issues is what to 
include and what lo lealle out. Oespite our common understanding of eST, there was sorne 
disagreemenl of the mosl appropriate melhod lo use to build Ihe conceptual model. One group fell thal ít 
was necessary first lo outline the goals and values of the different groups 01 stakeholders in the system, 
in order then lo determine !he variables of Interes!. This was felllo be a crilical step as the perspective 
laken, fer example, a private logging company or a subsislence fisherman represent very dífferent 
interesls and would naturally define different variables lo be measured, In additlon this group described 
each stakeholder group wilhin their ecological setting and !hus outlined the corresponding biophysical 
conslraints. 

Analysis of Stakeholders 

Table 1 is the resull 01 discussíons by Ihe tirsl group 01 participants. They set about idenlifying the 
different groups of stakeholders and !heir corresponding values and goals. In addition they described 
their environmental setting, Ihe types of activilies and producls resulting, and Ihe ecosystem affected, 
This highlights !he diversily of social actors and the need to tirst take into accounllhe type 01 aclor before 
describing the system in which Ihey operate. Goals were described for stakeholders al the household 
level. In addition regional, national and global goals were identífied lor those working in Ucayali area. 
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Figure lb (revised): Different Stages in the Researcb Process 

Historical Reconstruction 

• key ecological, economic, 
demographic & social changes 
• key changes in structure, 
pattem of organization and 
dynamics 
• fast, medium and slow 
variables 

Problem(s }/lssue( s) Analysis 

• critica1 issues 
• management goals & objectives 
• indicatives 
• management actions 
• system variables 

Building a Conceptual Model 

• scaling 
• spatial and temporal ooundaries 
• type of system 
• keyecological and human processes 
• nested hierarchy 
• defining contextual relationships 

Monitoring 
• indicators ..... 1----- Action 

Comparison 

• compare complex system 
interpretation with rea1ity .. 

r-----_/ 
Subsystem Models 

• system variables 
• dynamic models 
• disciplinary 

Change 

• desirable 
• feasible 

Re-examination ofthe System 

• attractors 
• bifurcation points 
• gradients 
• feedback loops 
• human activity system 
• socio-politica1 context 
• decision-makers 
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Table 1: Household Level" í ¡ 
VALUES GOALS PROOUCTS ACTlVlTYI RESIDEHCE ECOSYSTEM' 

IDENTITY AFFEc:rED i 
Ccneem WllIlo Maxlmlze Mlnlmlze Rlsk ¡ 
forfUture ehange lheir lneome ¡ 
oflhelr status I aetlvlty 
+++ ++++ Coca prlee stable prices Slasn & bum mix S&B agrictlHure Upland, Upland fOO'8sis 

Increased (S8M) i ¡ 
Coca I exports 

i 
, 

Oilpalm ¡ , 
Fruits 

Upland f1ests 
, 

+++ + reboild herds tedundant herds Beef Cotila Along ¡ 

Cassava production roeds, I 
uplands ¡ 

+++ +++ Migh priees ,tablo production Bananas Riverine Along Rlverine C1OmPIe! 

I proeess Fish eolonlsts rivers (Iowl.nd.; rlvor ! 
SoflwOod 'ak.s, re

t
ng •• , 

S8M 
+++ + ........ more tourl$ts stable boundary Fish Riverine Along Rlverine mpIe , ! 

eond~lon. Bananas Indlan. rivera I 
Handicrafts 

l S8M 
Lowland Jnd ++ +++ íncresse share st,ble soeíepolnlcal HardWood limbor Smalltimbor Clty 

of reve:nues environment Lesser value extractora (Pucallpa) 
uPlandI timber 

r decrea •• improve conditíons Hafdwood timber Largo timbor Clty (Lima) Lowland d 
structural costs for long-term extractors up'and ,ot t ¡ncrease prices operations 

++++ Urbandr •• m UD Unemployed City AII ¡ 
(UD): Low food (Puca!lpa) 

1 prícee. 
empowennent. 

I more S8C1Jrity, 
better Mrvic:es 
Gel a job 

, 
+++ UD UD Low-qualíficatíon Under- Clty AtI i Improvejob Keep Job servas employed (Pucallpa) 

Clandestina í 
industrial 
products .. ++ UD UD Lumberwood Timber industry C~ Al! 

Higher wages Better work ¡Hes employed (Pucallpa) 
condittons PlywOod 
S.fety on Job 

+ ++ UD UD Pollcy Bureaucracy City AlI 
Hlgher wages Better work Technical (Pucallpa) 

condttlons support 
Satety On Job 

UD UD Services Commerce C~ A!I 
(Pucallpa) 

I UD UD Services Servíces City AII 

I (Pucallpa) 
-7 UD UD Coca!ne Drug deallng Clty Al! 

Hlgher coca L ••• law (Pucallpa, i prices enforcement Urna, 
COl.OMBI 
A) ¡ , 

¡ 

I 
3 ._. incomplete groups: Urban dwellen; I 
UD " Urban dream ¡ + low; ++ medium; i++- hígh; ++++ very high , 
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Goal. at the Regional Govemment Level (for the Ucayall reglon): 

• Increase regional GDP 
• locrease funds from central govemment (Iarger share of local money) 
• Keep and enhance power 

Goala al the Central Govemmenl Level (for the Ucayali region): 

• Defeal and control guerrillas 
• Decrease and control coca production 
• Increase foad production (for export and self-sufliciency) 
• Increase GNP 

Goals al the Global Level (for the Ucayall reglon): 

• Protect blodiverslty 
• Decrease and conlrol deforestation (decrease greenhouse gas emissions) 
• Decrease coca production 

Influenee Diagrama 

The second group, viewed more as Ihe "theorists", wished to idenlify the main components of the system 
and Ihe nature of their relationships, As shown below in Figure 2 and 3, different components or activltles 
can be seen as positively or negatively correlated, In other words in a positive correlation íf one variable 
¡ncreases or decreases, so too does the olher increase or decrease respectively, A negative correlation 
implies Ihat as one variable Increases Ihe olher decreases (They move in opposite directions), II is 
importa nI to note Ihal Ihe changa in Ihe variable may refer lo either a change in quanlity, le, Area of 
activity, or quality, le, Produetivlty, 

Figure 2 differentiates landscape integrity from human well-belng and identifies Ihe different variables Iha! 
influenee each one. Obviously Ihere is some overlap as !he same variables will affect Ihe ecological and 
human dimensions. Sueh diagrama are important is highlighting such interretationships, Figure 3 Is less 
generic and attempts to tease out the key relationsips in Ihe Ucayali agroecosyatem. For Ihe sake 01 
elarity we have once again separated humans and Iheir surroundings as Ihe ímpac!s 01 resource use are 
more evident. We deseribed the human dimension as comprísíng of capital ie, Markets, Ihe civil state and 
society.or community. In terms of resourees we identffied fores!, agrlculturalland and aquatic systems. 
Coca and eattle are idenlified separately maínly due to their sígnificanee and importan ce in influeneíng 
system dynamics, 

It IS important to preface this figure and Ihe following description with a word of caulion, The relationshíps 
described here were basad on the expertise 01 those partieipating in lhe workshop, II Iherefore represents 
thair views and is thus a produet ofthe group selecled, If such a group was different it is quite likely that 
the figures and described relationships woutd not be Ihe same. In addition thia raises Ihe important point 
tha! there ís in fact much dispute over a number 01 issues ego Land abandonment, degradation 01 the 
fisheries, the environmental impact of coca etc" and in many cases inadequale informatíon avaílable to 
resolve sueh disputes. 

To briefly outline Ihe key relatlonships, presented below are Ihe components that are negatively 
correlated inelude: 

(i) Forests and agricultural tand - obviously as more land is eleared there is less forest 
(11) Forests and capital - as markets increase and strenglhen the forest Is further exploited 
(iii) Catlle and agricul!uralland - as cattle numbers increase !he productivlty of the land decreases 
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(iv) Coca and cattle • as coca production increases and as has been shown in Ihe past, so too does 
social violence and land abandonment. the number of cattle numbers declines 

(v) Coca and forests· as coca production increases more land 15 cleared. in addition coca 
processing pollutes the environment 

(vi) Society. in Ihis case Ihe elite and forests • there is evidence that the majority of those responsible 
for commercial logglng are wealthy prívate companies based in Uma • as Ihey gain wealth ana 
more technology so does the forest deteriorate 

(vii) Society (poor) and aquatie systems - as !he number of poor people increase Ihey place 
increasing pressure on Ihe fisheries resources, 

(viii) Society (elite and Iherefore Ihe commercial ftshermen) and aquatic systems - as Ihe commercial 
ftshery increases In siZe ana ability to calch fish more efficiently. aqualie systems are increasingly 
stressed, 

(Ix) Society (poor) and forests - as Ihe number of colonists increase the forests are increasingly 
undermined. This occurs through bolh selective 10991n9 and slash and bum agriculture. 

Positively correlated components inelude: 

(i) Forests and aquatíe systems - the health of the foresta and rivers are inextricably linked and any 
deterioration in one will cause deterioration in Ihe other. 

(ii) Coca and agriculturalland - as tha level of production of coca has incraased so too as tha 
amount of land cultivated. 

(m) Military and coca - with Ihe increase in coca produetion and the greater prevalance of terrorismo 
speeifically the sonderos. the military presence has also increased. 

(iv) Military and black economy - as tha presence of the military is heightenad. the siZe of the black 
economy grows. 

(v) Capital and cattle - as the capital markets become stronger. the number of catlle increase. 
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Figure 2: Influence diagram highlighting Ihe different componenls and Iheir affect on landscape integrity and human well-beíng in Ihe Ucayali region 

(-Land 1 

~e~ 
-( i 

( Shífting "' r Forests ] 
. (Natura) i '- .. _+-~-
'-'-'~T-) , 

,~ ~ 

(Selectiva' 
_ Iogging )c ~ -
\ 

, , 

í:::::l . 
,_ •• ,~ Equity ra---~~' 

: ~ ) (r' ---~ 
: !Govemancel.., 

,~~.; I ' 
"-__ m ' I , 

Landscape ~ ~ ~ ~ ~ ~ ~HUm!n1 
Inlegrity i well-Bein~ ( __ ~-'~ 1 . fl. ~._ .... -- .. ~--

Degradad 'i.- I r IFishing ~ 

I L ____ _ 

~ 
..... -

Futura 
f'osSibilitieS 

~nual-~ r--(~~~~) I (~tiC' I_l!e~ulatad) 
Crops r--- ! ~ System i 

----i, -j( Flshíng I 
(unragulated) I 
'-... - j 

--~---~ 

Negative Conrelation 

PosItive Corralation 

L_~ ____ ._ .... ___ ~-______ ..... ___ ~_._ ...... ___ . __ . _________ .... ~ 



Figure 3: Influence diagram highUghting the key components and the relalionships among them in the Ucayali region 
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AOROECOSYSTEM DEVELOPMEHT IN UCAYAU, PEAUVlAN AMAZON. 
A CATASTAOPHE THEOAY REPAESEHTAllON 

Gallopln. G.C, J. Kay, O. Waltner-Toews, E.Raez Luna and T, Murray 
1 September 1997 

In lhe most general terms, a state is "any well defined condition that can be racognized íf it occurs again" ( 
Ashby 1956 p. 25). When applied lo a system, lhe state js describad by a list of lhe values taken at a 
given moment by each 01 !he variables representing Ihe systam. 

Oynamical systems are members of very general class 01 systems whose stale change lhrough lime, as a 
functlon of its previous state and, in general. also of sorne paramelers which may be constanls or 
variables representing an influenee lrom lhe environmenl 01 lhe syslem. 

Oynamical syslems are basically describad in lerms 01 a "playing field" or generalized spaca where Ihe 
motion of Ihe system takes place and a rule lelling Ihe syslem where lo 90 neX! fmm wherever stale Ihe 
syslem is now -Casli 1994} may exhibit three basle types 01 attractors (stales or sets 01 slales where Ihe 
system's states lends lo gol: lixed points, periodic orbits and "strange attraclors". 

The name "sltracto!" refers 10 lhe prGperty Ihal, íf the state 01 lhe system is slighlly moved away from the 
attractor, it willlend lo come back lo it. A "repelle!" is a state or se! 01 slates such Ihal, if Ihe syslem is 
lhere, it will stay lhere; however, il lhe syslem is moved awayeven slighlly lrom Ihe repeller, il will tend lo 
move further away. A fixed point is a slale 01 lhe system at which lhe rate 01 change in Ihe stale is zero; it 
may be an attractor (stable fixed point) or a repeller (unstable fixed point). By contrast, periodic orbits and 
slrange attraclors represent sets 01 stales in permanenl change. 

Catastrophe theory (actually elementary cataslrophe Iheory, the one beS! developed) deals with only Ihose 
systems whose attractors are fixed poinl". For such systems, each value of lhe input paramelers 
determines (alleasl) one fixed-poinl allractor lo which lhe syslem will tend lo move. In cataslrophe theory 
lhe slata 01 Ihe system is viewed as lhe oUlpul or response and the pararnelers as lhe inpuls ' . 
Coneeptually, Ihis is equivalent 10 observe Ihe performance 01 a syslem by monitoring the sleady slale 
value 01 its oulput (variable 01 inleres!) as a lunction 01 the input quantíties (parame!ers); lor every value 01 
Ihe inputs, lhe output tenda lO move lo a particular level (Ihe fixed-poínt attractor). The Ilxed point attractor 
can be visualizad as a poin! in the space 01 states of Ihe system, and the se! of all lixed points (one lar 
each value of !he inputs) can be seen as a surfaoe. In masl cases, if the inpuls are changed slightly, the 
oulpo! also shífts only slighlly. But occasionally we will encounter a cambinatíon 01 input vaJues such that if 
we change them only a small amounl, the corresponding oUlput will shíft discontinuausly lo a very differenl 
valua. Such :.. .-alue 01 !he inputs is called a catastrophe point (Casti 1994). These catastrophe points 
al'ÍSl! at just lhose inpuI levels where one lixed point bifurcates into several (or where several lixed points 
coalesoe into onel . And Ihe jump discontinulty is a reflection 01 !he system "deciding"lo move Irom the 
region 01 one allractor lo lhat 01 anolher. catastrophe lheory shows lha! Ihere are only a small number 01 
non equivalent ways in which lhese jumps can take place, and il provides a standard picture for each 01 
the dífferent geomelries tha! the surfaoe of attractors can display. 

In olher words, as we run through all passible parameters values, a surlace is generated, each 01 whose 
points is a fixed point (either an allractor 01 a repeller) of lhe dynemical process. A catastrophe as defined 
by René Thom (the French malhemalician who founded cata5trophe lheory) corresponds lo lhose 
parameter values where the lixed poin! shífts from being an attrector lo becoming a repeller. This is howa 
small change in somelhing (a parame!er value) can lead lo a sudden, discontinuous change in somelhing 
else (!he particular fixed-point to which the system is attracled -Casi; 1994), 

The generic geometry 01 lhe relation between attractors and parameters values lor any system having two 

1 For ins1ance, <ixIdt = 'Ji' ... ÁX + ~ represento a system lor _ the rate 01 changa 1hrough time 01 i1s slate (dJ<ldt) 
dependa 00 !ha cumm! valu. 01 111& state (x) 2nd IWV perameters ¡. end ~. Each .alUe 01 the peramelero determin"" a difteren! flxed 
poinI (111& value 01 x Ior _ tIxId! = O; this val"" Is dlfteren! for each sel 01 valu"" 01 111& parameters), 
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parametera (inputs) and one response (output) is depícted in Figure 1. This is called the cusp catastrophe 
(the simples! 01 the elementary cataslrophes after lhe fold catastrophe'). 

Thom proved Ihal there exis! seven elementary calastrophes for systems described by up to four 
parametera and up lo two outputs (Thom 1972). 

This kind 01 represenlation might be useful to help thinking about posslble mechanisms and explanations 
lor Ihe case-sludy In Ihe Ucayalí region 01 the Peruvian Amazon. In our curren! state 01 knowledge, the 
maln leatures of the situation can be summa~ as: 

• Tropical agricultural frontier area with external incentives for colonization 

• Continued immigration, non-rooted social structure, no historical identity 

• Stagnant econorny, hislorically rasilient lo perturbations (different policíes, "booms" of príces 01 
products, violence waves) 

• Locally unsustainable use 01 natural resources, "destroyand move" moda, leeding on a huge 
accumulated natural espital (which could last 20-30 years), represented by the tropical loresls and 
Ireshwater ecosyalems. 

• The major organizing principies or shaping lorces 01 land useloccupation seem to be 1) the river 
syalem and 2) Ihe road syalem. 80lh of Ihem are critical in providing human access to the natural 
resources and lo lacilitale export 01 tihe produce. 

1I is nol unnatural lo consider the pace 01 economic actlvlty (EA) as a rale variable (e.g, GDP, income) 
describing the slate 01 a syatem controlled by two parametGra: the available natural resources (Ioresls, 
agricultural and grazing land, perhaps also lisheríes in Ihis case) and accumulated wealth. The concept 01 
wealth (lN) as used here is not jusi espital, bu! il related to quality, In a sense, weallh could be taken as 
uselul capital (either economic or social), or the capacity 01 !he accumulated stock lo do work. This bread 
conception should be kept in mind. altihough in some cases ene could use the conventional measure 01 
capital (or, in Ihe social sida, human resources (lNorld Bank 1995- or societal cohesion) as a Ilrst 
approximation. Economíc activity ís a rale. weaith and available natural resources (ANR) are stocks 
viewed here as parameters. Putting this in anolher way, W and ANR are inputs, and EA ís the output 01 
this very simplified syalem. The implication 01 this lormulation is Ihat dEAldt" f(EA, ANR, W), and lor 
each pair of values {ANR, W} at least a lixed point at which dEAldt = O is delined". 

Technoiogy may affeet botih the availability 01 natural resources (by allowing lhe use 01 new resources, by 
increasíng access to them, by helping resource renewal, etc.) and ít may affeet Ihe ralío EAIW, increasing 
economic productivity 01 wealth, in some sense. This effect results in tha! lor a given level 01 W, a higher 
EA is oblained. 

The concept 01 availabla natural reaourc8S ís nol intrinsically obvious and requires explanation. By ANR 
we mean here Ihe natural resources that can be immedíately utilizad', and is a lunction nct only 01 Ihe 
abundance 01 lhe resources (01 which, at leas! in the case 01 lorests, lhere is an 'unlímited" supply -i.e., a 
supply lhat could last al leas! 30-40 yeara al !he currenl rale of exploitation), but aiso 01 their availability in 
lerms 01 people being able lo reach the resource !hrough roads or rivers, and 01 Ihey having the means lo 
use them. Opening new roads increases the ANR even if the total volume is unchanged. Therelore, 
overexploitation 01 Ihe resources may be compensated (alleast temporarily) byadditional road 

2 The IcId catastrophe Is lile only calastroPM possibI& lor .ystams halllng one 1npu1 and on. ooIput, 

"Note lIlís Is a very s1mplified f"""ulalíOn, neglecl!ng lor Instan"", the influonce of EA upon W and ANR. 

"Thls _pt Is somehow analogousw 1hat 01 avallabla enar¡¡y (Moran 1995, Ch.7) 
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penetration, thu$ maintaining or aven increaaing ANR. 

The representation 01 fhis idealizad case in the lorm of a cusp catastrophe appears in Figure 2. The 
discussion will locus prtmarily on lorest resouroes. 

The lower surface represents !he projeClion 01 !he upper (Iolded) surface onto !he plane determinad by fhe 
values 01 the two parameters W and ANR. Under Ihis projection, the two fold lines 01 fhe upper surface 
map into !he two branches 01 fhe spikelike curve 01 the lo_r surface. Note !hat tha lold ia not symmetric, 
rellecting the hypotheais Ihat in lhe case 01 Ucayali, the higher W is, the Iower !he value 01 ANR al which 
a calastrophic jump Irom fhe upper stable pointa to the Ia-r stable points is possible (and conversely, a 
jump lrom the lower atable points to the uppar stable points due, e.g., to a shift in technology or in 
products exploited). 

Figure 3a depicts a possible trajeclOry 100Iowed by the state of fhe system in the lolded surface. 

The sltuation represented is thal more and more resouroes are made availabla by opening roads or 
developing river transportation. This occurs allow lavels 01 W (because EA Is initially Iow and/or mosl 01 
the _alfh produced by fhe EA is exported out of !he region lo Lima). 

II ANR gradually increases (because 01 opening of new roads or improved river transportation -in Ucayali 
!he lolal volume 01 natural resources is not increasing·) fhen EA also inoreases (increasing exploitation), 
lollowing the path lrom A lo B in Figure 3b. 

Hypolhelically, an increase 01 ANR without increasing W (thus keeping !he path near the lront border 01 
Ihe plane, as shown in Figure 3a) will aventually resul! in a sudden increase in !he steady state value 01 
EA (e.g. due lo a technological shift or the emergence 01 an economy 01 scate or a new economic activity). 
The slate 01 the syslem (here represented by EA) moves auddenly lrom B lo C. 11 fhe pace (and nature) 01 
econcmic aclivity does resull in a decrease 01 ANR, then Ihe exhaustion of !he ANR would begin to inhibit 
EA and both EA and ANR would diminish (segment e lo D in Figure 3b). Eventually a threshold 01 ANR 
would be reached and the ANR will nol be able to sustain the type 01 actívities any more, resulting in a 
crash 01 EA to a Iow level (Irom D 10 E). 

Figure 3b also illustrales Ihe phenomenon 01 hysteresis exhibited by !he system described here. In briel, 
hysleresis implies lhat !he specific trajaCIory or pafh 01 $lates lollowed by a system depends on !he 
syatem's pasl history. 1I the value 01 ANA is gradually dacreased lrom the one cofresponding to the 
projeclion 01 Cinto the ANR axis, towards the value corresponding to D, and Ihen EA drops into the lower 
branch A-B, the system will not lollow Ihe sama path 10 retum 10 the upper branch if ANR is now increased 
lo !he value il had before Ihe drop. Instead, jt will be necessary to inorease ANR until it reaches the level 
corresponding to B, and only at tha! point the system jumps to ¡he upper branch. 

A conjeelure we are making is lhal the discontinuous jump and the resulting hysteresis effeet will be 
exacerbaled by !he lack 01 accumulated wealth. The more wealth in the system the smaller the 
catastrophic jump (Figure 4). Al still higher values 01 wealth lhe lold vanlshes and a smoofh pafh remains 
as !he only possibility (Figure 5). Therelore. aven if resource availability decreases, Ihe system Is no! 
exposed lo sudden changes. 

Note !hal aven H W increases along the peth, !he crash is still possible (albeít 01 sma!ler magnltude) 
unless the rale 01 increase in W is fasl enough lo ciroumvenl the lold as shown in Figure 6. 

The description in terms 01 fhe folded surface is basad on fhe assumption that changes in the values of 
!he parameters (inputs) affaCI lhe system's response (outputs). Ho_ver, al leas! in lhe case we are 
considering, Ihe system's output is likely to affeet the values 01 !he parametars (e.g., fhe pace 01 eeonomic 
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activity may aNeet the accessibility of natural resources', and certainly it may altee! lhe accumulation 01 
wealth)". What would be the implicalions 01 those feedbacks in terms of the representation we are using? 
Essentially, it will mean Ihat Ihe surface itself will be changing in time, strelching, contracting, with new 
bumps and folds appearing, in a way very difficult to predic!o AlI 01 Ihis shows !hat Ihe use 01 this 
representation is a strong simplification of the problem, justified only if íI brings uselul insights and 
interesting and fruitful new types 01 questíons about the development process and !he relationships 
between economyand natural resourcas in agroecosystems. 

A nole 01 caution is in arder here. Cataslrophe Iheory has proven íIs Iheoreooal and practical utility in a 
number 01 physically existing systems (Casti 1994) ánd it has been used (and debated) in lields lrom lhe 
heartbeal lo eeonomica, política and psychology (Zeeman 1977, Poslle 1980, Tu 1994). 

However, its rigorous appllcalion requires !o have a known mathematical lormula describing the 
underlying process. This ia certainly no! Ihe case lar agroeeosystems, and many social scien!isls would 
argue thal such a representation is nol even possible in principie. Therelore, it is importan! lo emphasize 
that we are using catastrophe theory for describing (and, hopefully, contribule lo explaining) the Ucayall 
case in what Casli (1994) lermad the "metaphysical way", as a metaphor lo identify guiding questions, or a 
qualitative mathematicallanguage (PosUe 1980) lo describe discontinuilies arising Irom contínuous 
processes in agroecosystems. Casti (1994 p.79) provides a cogenl description 01 the assumptions 
imbedded in Ihe use of catastrophe theory in Ihe metaphysical way. 

The case discussed here (one oulput, two pararneters) corresponds to !he so-called cusp C/ltastrophe 
(the simplest elementary catastrophe besides the fold calaslrophe describing systems with one oulpul and 
one parameter). Thom described seven elementary calaslrophes 01 which the parabolic umbilic, 
representing the behavior 01 a system wilh two outpuls and lour parameters, is the most complex. 
Subsequently, lour addilional !ypes have been lound completing eleven elementary catastrophes lor 
systems with up to live parameters (Tu 1994). However, as Ihe number 01 dimensions (parameters plus 
oulpuls) increase, il becomes more and more difficult to visualize!he surfaces representíng Ihe values 01 
the lixed points lor each combination 01 values 01 the paramelers. The geomelry also becomes more 
complex. For inslanca, Ihe butterfly catastrophe becomes possible lor systems wilh tour parameters and 
one oUlpu!. 11 ls interesting Iha! in this case a third mode 01 atable behavíor emerges, aboye and beyond 
Ihe upper and lower sheets possíble wilh lhe cusp; Ihis ia a stable region 01 compromise behavíor (Castí 
1994 p.65). 11 is possible Ihal more basic variables nsed lo be taken into accounl in the description 01 Ihe 
Ucayali case (even at Ihe very rough approximation usad here); populatíon is an obvious candidale. I1 so 
more complex elementary catastrophes should be taken into account, beyand !he cusp calastrophe 
discussed here. 

II the catastrophe-theoretical representatíon makes any sansa, a number 01 implicatíons can tentaliVely be 
drawn: 

1. A gradual path 01 successive fiJeed-pointa 01 lhe system mayexisl, bul this implies circumventing the 
lold as in Figure 7a. This requires increasing W fasl enough (by reinvesling within Ihe region, by more 
efficíenl use of Ihe nalural resources, or byadditíonal inputs -subsidies, etc.- inlo the region) to move to 
Ihe upper surface Irom the back 01 !he lold. 

2. A sudden jump lo hígher levels 01 economíc actiVity may occur as natural resources become more 
available (e.g. because 01 a changa in activity). The jump may accelerate the lransilion to a more 
-modern° economy, a sor! 01 "takeoff" effect, boí also it may create lhe risk of a laU down. However, il Ihe 

• One possIbla mecIlanlsm Í$ tila! as EA .............. more resou!OOS are mad& aecesslbla (6.9. becaUse Iorestry 6xp1oitation 
moves ín!o ano1het _. -<lúe 10 expans/on of tila ac1Mty O( exnaostion of exploited 10_ proyided !he rata of ext>austlon of 
lorasls '" no! hlpr tIlan tila rate of expansIon 01 lile lores! ec1Ml .... ín!o new areas) 

• WeaI!h W should depend on economía ac1Mty (rata and profltabilily) as well as 'mports" such !!S subsidies and "expon'" 
sueh as wealth channeled outsOde tila regional system. 
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new EA generatas slgnilícantly more W (or iI alter !he jump, a deliberale strategy 01 reinvestment or 
eutting off the dralnega 01 W Irom the reglon is establishad) Ihen the Io/d may be avoided even if ANR 
decreases (Figure 7b). 

3. The system might lollow a gradual pelh 10 a high level 01 EA and ANR, bu! ia W starts lo decrease later 
on, the possibilily 01 a erash may materializa (Figura 7e). 

4. Anolher possibilily ia lhat, depending on Ihe lacation 01 the eurrenl lixad-poinl, a gradual raduotion in W 
could result in diverging paths where a small changa could lead lo widely dilferent lavels 01 EA (without 
axhibiting catastrophic behavior) as shown in Figure 7d. 

The discussion so lar relers lo Ihe toldad surface as compasad by all Ihe fixad pointa 01 the system 
(attraclors and repellers). The actual state of Ihe system w¡1I lay on Ihe surface if and only if Ihe system is 
al the critical point or steady state. This will happens províded the parameters vary slawly (smoothly) in 
compatison wilh Ihe stale 01 lhe system. In olher words, al eaeh value 01 lhe parameler values, lhe 
system has enough lime lo reach its sleady slale or lixad poin!. If Ihe parameters ehange loo last, the 
slale 01 lhe system may nol IIe on !he surface, bu! lar from it, unlil it settles down on Ihe surface. 1I lhe 
parameters keep changing fasl all the time, lar each value of Ihe paramelers a distríbulíon 01 values lor 
the slate 01 Ihe syslem would exisl (Ihe surlaee composad by Ihe lixad poinls would still be Ihere, bullhe 
distribution 01 aetual stales 01 Ihe syslem would look like a blurred cloud aboye and below the surface). In 
other words, the system will nol be at a steady sta!e (01 lixad point) but mostly al Iransíen! points, and the 
validily 01 the eatastrophe theory representa!ion would break down. Metaphorically. this situalion can be 
interpretad as a system tha! is suffering a continuous and intense perturbation ("shaking" the values 01 its 
parameters or inputs). The Ucayali region and its urban center Pucallpa represent a typícal example 01 a 
lrontler area, with immigration and settlement expansion, and Iherelore in permanent change. It ia open lo 
debale whether Ihe slate 01 syslem can be lookad at as being al a fixad-point (on the olhar hand, it is only 
requirad that EA vary in "fasf time to reach steady slate relative lo W and ANR, so !hal the fatter vary in 
"slow" time -Tu. 1994 p.227). 

This means thal there are two kinds 01 movements 01 Ihe system lo be considered, The jirsl is the slow 
motion 01 Ihe stale of the system along its fixed poinls (I.e. the system is always at a sleady state. by Ihe 
steady slale ilsall changas slowly). The second is a transienl change in the value of the state of Ihe 
system. The transient change may be due lo a sudden change in Ihe value 01 the parameters, or to an 
external perturbation moving the state 01 !he system away lrom the fíxed poin!. This transienl change may 
moya Ihe state ollhe system in such a way that it lalls inlo the domain 01 attraetion 01 ano!her attractor. In 
Ihe case 01 Ucayali. one expressíon 01 what has been called "perverse resilience" could be lhat despite a 
number 01 "booms' and subsidies moving the stale 01 !he system aboYe the Iower level attraclor Burfaoe, 
the changa in stale is nol enough lo crOSB Ihe repeller Burfaoe and 10 llip Ihe syslem lo Ihe higher attraclor 
surface, and the system (even when Ihe possibility 01 moving lo a higher attractor exists) lalls back inlo 
the stagnanl situation (low W, even al high levels 01 EA and ANR) as shown in Figure 8. 

Sorne basíc research questions Ihat can be derivad Irom the aboye analysis are: 

1. Is!he cstastrophe theory representation inherently consistenl (or compatible) with what we know about 
Ihe behavíor 01 the system (e.g. does the use 01 this representalion imply assumptíons Ihat lundamentally 
conlradicl our ganeral knowiedge about how Ihe syslem reallyaparates?) 

2. Assuming a basíc conlradiction does nol existo are the variables chosen lo represent the simplified 
response and Ihe inputs/parameters (EA, W. ANR) a reasonable seleetion and might they be relaled in 
Ihe manner discussed aboYe? Whích would ba the general criteria lor choosing the appropriate variables? 
(for inslanCe, an a~emative descriptor 01 the syslem's behavior would be Ihe changes in Ihe quality 01 lile 
of the human population of the ares.) 

3. What kind 01 empirical evidence could be used lo reject or validate (even il only in a "soft" way) the 
metaphorío description and implicatíons developed here? 
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4. Assuming it can be shown Iha! Ihis representatíon is robust and amenable lo sorne kind 01 validalion, 
whal is Ihe value added by using it? Does i! lead 10 new !heoretical or practica! insights? 

In lenns 01 development strategíes in lhe conlext 01 catastrophe theory, Ihere seem to be lour basic 
optíons: 1) lo identify adequale palhs lo move lowards !he desired situation aiong the lixed-points surface 
(assuming Ihe shape 01 lhe surface is knowable); 2) 10 change Ihe Iocation or accassibility 01 Ihe critical 
poinls, e.g. "pulling' lhe lold away Irom Ihe curren! path while preserving !he original topological identity 01 
!he surface; 3) lo impose conslraints (e.g. from Ihe higher nationallevel) thereby blocking the system !rom 
movíng into some regions 01 the slate space (Figure 9); and 4) 10 changa lhe surface itse~, deliberately 
creating or deleting lolda and shapes. This would imply eslablishing feedbacks connecting !he outpul and 
the inputs (bul the nature and strength 01 lhe leedbacks would be very difficult to identity) 
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Figure Captiona 

Figure 1. The cusp catastrophe (redrawnlrom Casli, 1994). a,b = peramelers (inputs); x = state or oulput. 
The surrace is made of all lhose slate values that are fixed peinls 01 the system. The peints Iying on Ihe 
lold between lhe upper and Iower surface are unstable fixed poínts (repellers); all the olher peints on Ihe 
surlace are attractors. AII the remaining poínls in the space delined by a,b and x bul not on !he surface are 
nol fixed peinls (Ihe stale 01 !he system may or mey nol go Ihrough Ihem, bul it will not stay there). 

Figure 2. The cusp catastrophe and its projection onto Ihe {W, ANR} plane. 

Figure 3. A trajectory exhibiting two eatastrophic jumps in economic activity (EA) due lo changas in 
available natural resources (ANR), at low levels 01 accumulated weallh CN). Figure 3a: a Ihree· 
dimensional representation 01 !he lrajectory in the altractor surlace. Figure 3b: the projection in the (EA, 
ANR) plane. Solid lines represent stable lixed peints (attractors), dashed lines represent catastrophie 
jumps. and!he dotted ¡¡ne represents unslable lixed peints (repellers). 

Figure 4. Reduction in the size 01 the jump as aecumulated wealth W increases. 

Figure 5. Smooth trajectories al high levels 01 accumulated wealth W (no repellers exist in Ihis region). 
Figure 5a: lhe lul! representation in Ihree-dimensional speee. Figure 5b: the projection into the (EA. ANR) 
plane. 

Figure 6. Catastrophic drop to the lower surlace because 01 insufficient aecumulation 01 wealth. 

Figure 7. Four development lrajectories 01 economic activity. 

Figure 8. An interpretation 01 Ucayali stagnalion. The combined values 01 W and ANR maintain Ihe 
system on Ihe lower surlaee, and the transienl changes (i.e. perturbatíons) in Ihe stale 01 !he system are 
not large enough lo allow the jump lo lhe upper attraclors. 

Figure 9. An external canslrainl blockinl the state 01 the system to reaeh parts (back) 01 the surrace. 

135 

I 
I 
t 

I 
I 



Ashby, W.R. 1956. "An Introduction lo Cybernetics."John Wiley & Sons, New York. 

Casti, J.L. 1994. ·ComplexHication". Harper Collins, New York. 

Moran, M.J. 1995. "Fundamentals of engineering lhermodynamics". Wiley, New York. 

Postle, D. 1980. "Catastrophe Theory". Fontana Paperbacks, Glasgow. 

TOOm. Rané. 1972. "Stabilité Structurelle al MorpOOgénese". W.A. Benjamin. Inc .. Raading, 
Massachusetts. 

Tu, P.N.V. 1994. "Dynamical Systams"; Second Edition. Springer-Verlag, Berlin. 

World Bank. 1995. "Monitoring Environmenlal Progress. A Raport on Work in Progress". The World Bank. 
Washington, D.C. 

Zaeman, E.C. 1977. "Catastrophe Theory. Collected Papers 1972-7". Addison-Wesley. 

136 



b 

unstable i points 

fine X 

Figure 1 

Figure 2 

1 
I 

I 

I ¡ , 
¡ 
I 
I 
I 
t , , 
í 
! 
I 
f 

: ~ 



(al 

., .. Á 
1 

EA 1 
1 (b) 

l' . 1 .. " . • 1 • '. t 

1 '1 

lit • t 

ANR 

Figure 3 

Figure 4 



EA 

ANR 

Figure 5 

Figure 6 

(a) 

(b) 

1 
I 
! ¡ 
I ¡ 
¡ , 

I 



(a) (b) 

(e) (d) 

Figure 7 



Figure 8 

Figure 9 

! 

I 
¡ 
, 

¡ 

I 
¡ 
¡ 
! 
f 
l 
¡ 
t 

~ , 1 
! 
¡ 
¡ 
¡ 



Research Pñorities 

Wíth !he new insighls derived from !he applieation of CST, we intended lo idenlify research priorities tor 
CIAT for !he region. Al presenl CIAT has 7 projects workíng in Pueallpa. The inlegrated conceptual 
framework should help in locating each projee! in a similar context and help idenlify synergistic and 
complementary relalionships thal can be exploited. We wish lo clarify how data and results from cne 
projecl can feed into o!hers and how as a whole Ihey ean contribute lo a more complete picture of the 
situation. 

Below is a list of the research recommendations of the participanls: 

• Review o!her similar case studies 
• How lo tacl<le slow and fast variables 
• Define the state space and state variable 
• Aulocatalytie research process 
• Attractors and dimensionalily 
• Multi-crileria evalualion 
• Methods of involving stakeholders 
• Generie structure 
• How lo deal with cross-scale issues 
• Explore amoeba diagrams 
• Revise Ihe research process 
• How lo identify !he attraclors 
• Conflie! resolution science across seales 
• Explore \he 'Ecofogieal footprint"concept 
• Labefling !he influence arrows 
• Open Ihe boxes in !he influence diagrams 
• How to deal wilh space-time issues 
• Relative strengths of the relationships 
• How lo articulate a pluralily approach 
• Take areas/issues wher there is disagreemenl and try to solve them 

This was then organized into various sections thal comprise the next research activities for the project. 

(i) Develop conceptual framework 

• Variables and slate space 
• Space-time issues 
• Attractors and dimensionalily 
• Cross-seale issues 
• How to identify attractors 

(ii) Enrich and refine influence diagram 

• Slow-medium-fast interactions 
• Relative strengths 
• Labelling influence arrows 
• Open boxes - expose hierarchy 
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(iii) Literature Review 

• Similar communities 
• Similar projects/participalory melhods 
• Conflicl resolulion 
• Collate informalion on coping with Irade-offs eg. Amoeba diagrams. multicriteria analysis 

Simplifying it one step further: 

1. Issues tramework - goals al differenl levels 
2. Conceptual models - nested trameworks and influence diagrams 
3. Metaphorslhypolheses on dynamics 
4. Trade-offissues 
5. Specify models 

a. Apply 'models' lo Pucallpa 
b. Identification of hypotheses 
C. Look for data in Pucallpa 
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Appendix One 

OVERVIEW OF THE PROJECT 

Development antÍApplication 01 an Integrated Conceptual Framework to 
Tropical Agroecosystems Based on Complex Systems Theories: 

CIAT - University 01 Guelph Project 

Prepared for the 
First IntemationaJ Workshop ofthe CIAT - University ofGuelph Projeet 

May 26 - May 28 1997 

Tamsyn Murray 
Gilberto Gallopín 

David Waltner-Toews 
Ernesto Raez-Luna 
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Contents 

l. Developing an /nlegrated Conceptual Framework lo Guide Research on Agricultural 
Sustainability for Tropical Agroecosystems: ClAT-Universlty ofGuelph Project. 
Paper prepared for the "How are we managing" section in the Ecosystem Health Joumal 

2. Major Issues for the Pucallpa Agroecosystem. Indicators of Accomplishment GoaIs 
(includes figure). These documents represent a compilatíon of the results from two 
previous workshops, the first with CIAT scientists (March 6 1997), the second with 
CODESU in PucaIlpa (May 6 1997). 

3. Summary Table ofthe Main Institutions, their Missions and Activities in Ucayali. 

4. BriefOverview ofPast Activities ofthe CIAT-University ofGuelph Project. May 1997. 

5. Summary of Current and Future CIAT Activities in Pucallpa. 
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Developing an Integrated Conceptual Framework to Guide Researcb 00 

Agricultural Sustainability for Tropical Agroecosystems 
CIAT-University ofGuelph Project 

Tamsyn Rowley. Gilberto GaUopin. David Waltner-Toews and Ernesto Raez-Lun8 

Background 

It ís wídely recognized that the problematic social, eeonomie, environmental and productive 

issues facing agriculture and agricultural communities are part of a complex set of activitíes involving 

farmers, farm organizations, rural eommunities, national, regional and international govermnents and 

iDstitutions. Environmental, social, and economic impacts have various kinds of repereussions not only 

for individual farmers where they Iive, but for all actors at alllevels in the agroecosystem. Constraints 

and opportunities occur at each level in this hierarchy. These may inelude the nature and variety of 

markets, soil types and erosion, social structures and national polieies. There is an increasing sense of 

un-ease with traditional sectoral and disciplinaty approaches, and a consensus that it is important 10 take 

a broad view when 1rying to solve agricultural problems. 

The quest for sustainable agricultural development requires integrating economic, social, 

cultural, polítical, and ecological factors. It requires the constructive articulation of the top-down 

approaehes to development with the bottom-up or grassroots initilltives, the sÍmultaneous consideratíon 

of the local and the global dímensíons and of the way they interaet and the broadening of the space and 

time horizons to accommodate the need for intergeneratíonal as well as intragenerational equity. 

Recently, the Consultative Group on International Agricultural Research (COlAR) stated that 

"os yet. there is no accepted research model which embraces lhe physical. biological and human 

dimensions 01 long term (agriculturai) sustainability. Developing such a model is a goal 01 truly 

intemational ímportance" (COlAR 1993). 

It is the goal of the CIAT -University of Ouelph Project, funded by the Canadian Intemational 

Development Agency, 10 develop such a model. Such a model will certainly be more flexible and in 

sorne aspects at lcasi, less easy 10 quantiJ)< tban a research model for physíes or chemistry. The COlAR 

was referring 10 a new interdisciplinaty, multí-Ievel, both site-specific and contextuaJly meaningful , 

systemie approaeh to agricultural research, as opposed to the dominating "commodíty model". A 

research model in this sense ineludes essentially a goal (agricultural sustainability), a conceptual 

framework, a set of procedures, and falsification eriteria. The development of a holistic conceptual 

framework for understanding and antieipating agroecosystem dynamics and behaviour is an essential 
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piece of a new research model. Sorne attempts have becn made to create robuSi: conceptual frameworks, 

and to identifoy important indicators of influential forces at alllevels, in order to address real-world 

problems and to translate this vague unease into concrete recommendations for policy and actions 

(Rapport 1989; Costan2aetal. 1992; Waltner-Toews 1993; Gallopín 1994; Giampietro 1994; Nielsen 

1994). They represent generlc proposaIs with considerable theoretical and methodological interest that 

should be tested and possibly redefmed in the Iight of the analysis of concrete situatíons and case 

studies. In particular, there is need to develop integrated conceptual frameworks accounting for the 

gpecifics of tropical agroecosYstems, which differ &om the well-studied temperare agroecosystems in 

a number ofimportant ways. 

Drawing primarily on complex systems theorles and post-normal science, the intent of the CIA T

University of Guelph Project is to provide a research basis for management actions that improve the 

health, integrity and sustainability of ecosystems. The framework is being developed in conjunction 

with a case study in the lower Peruvian Amazon, a site chosen because of its complex web of 

interconnected issues and pressing nature of the current problems, &om deforestation, biodiversity loss, 

and low soil productivity to urban unemployrnent, water pollution and institutional instability. It is 

believed that such an approach will provide us with new insights and a more complete understanding 

ofilie complex dynamics ofilie region, which appears to have resisted understanding and improvement 

through years of more conventional research methods. 

Project Objectives 

(i) To develop a conceptoal framework for the holistic understanding of agroecosystems as 

hierarchical systems, using the new :deas derived &om Complex Systems theories. 

(ii) To apply this framework to concrete tropical agroecosystems in order 10 assess its 

applicability and usefulness for guiding research on agroecosYstem sustainability. 

(iii) To perform comparative analysis of tropical and temperate agroecosystems in terms of 

systemic properties (on the basis of rescarch on Canadian agroecosystems at the University 

ofGuelph) 

(iv) Based on the research findings, to develop teaching materlals on complex systems approaches 

tu the study and sustainable care of agroecosystems. These materials will be used in Latin 

America, Canada and elsewhere. 

(v) To train young scientists in the application of concepts and methodologies derived from 

complex systems theories to the study and evaluation of agroecosystems. 
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The project began in July 1996 and will continue until mid-1999. It is funded by CIDA's 

(Canadian Intemational Development Agency) CGIAR-Canada Linkage Fund, a program designed to 

encourage col1aboration among Canadian Vniversities and CGlAR (Consultative Group on Intemational 

Agricultura! Research) Centres, and CIA T. The Project is based at CIA T in Cali, Colombia. 

The Case Study 

The tropical agroecosystem which is serving as the test case Cor developing this conceptual 

framework is in the Vcayali region oC the lower Peruvian Amazon, surrounding the frontier town oC 

Pucallpa. There are a number of reasons why this particular site was chosen. Firstly, CIAT has been 

working in tbe Vcayali region since the late 1970s. Although most ofthe past research has focused on 

the improvement of"degraded" pastures and cattle production, there are substantial amounts of data and 

vanous types of anaIyses of the area tIlat will be usefuJ when testing tbe framework. In addition CIA T 

has strong institutionallinks with other national and international organizations working in the ares. 

Secondly, research efforts towards more sustainable use of natural resources in the region llave 

on tbe whole beco relatively unsuccessful and some may argue, inappropriate for tropical ecosystems. 

In focusing on single issues in isolation from their contcxt, many initiatives llave failed to address the 

overall health of the ecosystem and the key processes, interactions and feedbacks that are critical to 

weU-being of tbe entire socio-ecological systems. In recognition of the Iimits of conventional 

disciplinary and sectoral approaches moch research has, in recent years, becn brnadened to incorporate 

agroforestry initiatives and the introduction of perennials into the slash and bum cycle. Similarly, 

research attempts to explain the polítical and socio-economic context of land use provides much needed 
insight into the major driving forces shaping the region. While this broadening has occurred Cor 

empirically obvious reasons, there has not becn a corresponding development of theory to rationalize 

this work. The intent of this Project is to provide a systemic understanding of multiple interactions 

across scales in such a way that thís broadened research can be better implemented. understood, and 

provide effective guidance to policy-makers. 

Thirdly, the issues which present themselves in Pucallpa are of the nature to necessitate an 

approach that not only accornmodates. but can meaningfully explain the complex interactions, 

discontinuous and unpredictable system dynamics, and high rates of change in the region. The 

conditíons tIlat dictate in this frontier town, hígb tumover, transience, heavy resource exploitatíon in 

combination with major ecologicallosses associated with forest clearance and ahandonment of land are 

typical of many vulnerable areas in the Neotropics. Furthermore, the site hás international biological 

significance. Peru contains 23% of the known neotropicaI plant diversity (9"10 worldwide) and 44% of 

the neotropical bird diversity (18% worldwide), concentrated in tbe Amazon lowlands (IVCN 1996). 
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A brief look at tite recent history of Pucallpa gives a sense of complexity and severity of tite 

problems tltat have faced and are facing tite region. Pucallpa undelWent major changes when in tite 

ear\y 1940's it was connected to Lima by road. This prompted tite spontaneous colonization oftlte lower 

jungle from tite highlands. Since tltat time tite region has experienced several economic surges,eitlter 

in tite form of economic opportunities created by policies and/or rapid exploitation of particular 

resources, for example the robber and timber boom. In tltis short-tenn opportunistic environment issues 

of long-term sustainable resource use are precluded from development plans. Subsequent to the timber 

extraction of tite 1950's, tite national government encouraged canIe ranching and tite creation of pastures 

through input and price subsidies. During tltis time much land was c1eared and "improved" for pasture 

and canIe production. Later in tite 1980's national economic crisis, tite terror and chaos surrounding tite 

Shining Path guerilla movement, and the increase in international demand for coca, resolted in a general 

abandonment of lands and a decline in cattle numbers. There was a subsfantial shift in laoour and 

resources to coca production. In tite 1990's all forms of subsidies were removed. The Banco Agrario, 

which was the main source of credit for agricultura! producers, was liquidated, and Pero was opened to 

intematianal markets. This created conditions in which eeonomie viability of smallland-holders has 

become inereasingly difficult to achieve. 

Despite these varioils waves of economic prosperity and paucity, tite generallevel of weJl-being 

of tite inhabitants of tite region has been declining. Urban migration continues to inerease, Pucallpa now 

represents almost 600!o of tite total population in tite Ucayali region. Witlt tltis has come urban 

unemployment, public healtlt issues and tite problems associated witlt rural depopulation and laoour 

scareity on tite farms. The unsustainability of produetion systerns, partieuIarly tltose associated witlt 

pastores hss necessitated expansion into surrounding primary forests in order to maintain tite ssrne level 

of productivity. Institutional capacity is low and disordered, policies lack continuity and local 

governments have little control over national policies tltat to a large degree shape tite region. This lack 

of social capital undermines tite ability to address tite critical ecological problerns of degraded land, 

unregulated ftesh fishery exploitation, fragmented secondary growth and extensively exploited prlmary 

foresto 

In summary. Pucallpa provides us witlt an excellent opportunity to test a framework that 

addresses competing forces, that attempts to tease out tite key interactions and processes and in sO doing 

provide an altemative interpretation of tite ongoing problems in the Amazon. This aItemative 

interpretation stems from tite application of complex systems theory. 

Complex Systems Theory 

Despite the recent emergence of complex systerns theories, the Iiterature is already replete witlt 

competing and sometirnes contradictory ideas. It i5 tlterefore useful to outline sorne of tite concepts 
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which other teSearChers have proposed or identified, and which have served as a starting point for our 

work. The succinct review is intended lO be neither comprehensive nor definitive, but lO give a sense 

of the general conceptual tertain we are working in. 

Complex systems can be defmed as those containing many varied interrelated parts, patterns or 

elements, thus making complete understanding difficult (Klir 1985). Systems thinking emphasizes 

connectedness, relationships and eontext. The essential properties ofthe parts of a system can on1y be 

understood from the organization of the whole, as they arise from the configuration of (¡rdered 

relationships that is specific lO that particular system (Capra 1996). Thus understanding comes from 

looking at how the parts operate lOgether rather than from teasing them aparto The pattem of organization, 

represente<! in the configutBtion of relationships specific lO a particular systeín, is key lO understanding 

lhe nature of complex systems. Inherent in complex systems thinking is the recognition of hierarchy 
(Allen & Star 1982; AlIen el al. 1984; 1993b). Systems are nested within other systems and therefore 

are simultaneously comprised of smaller subsystems while being part of a larger system. As one passes 

from one level to another there are systemic properties that are "emergent", since they only appear at a 
particular level (Broad 1923; Checldand 1981; Funtowicz & Ravetz 1994; Holland 1995; Capra 1996). 

Such propertíes would not be captured by examining only the parts of the system. 

Recently, several authors have proposed characterizing complex systems in non-equilibrium 

terms, and their capability lO eKhibit discontinuities, írreversibilities, nonlinearities and oon-determinancy 

(Grzybowski & Slocombe 1988). These characterizations have led to the elaboration of four inter-relate<! 

concepts relevant to describing pattems of structure and behaviour in complex systems: self-organization, 

attractors, gradients and feedback loops (particularly autocataIysis and autopoiesis). 

Central to complex systems theory is self-organization of dissipative structures. Its hasie tenet 

is that open systems that are far from their thermodynamic equilibrium, will at critical points of instability, 

reorganize themselves at a higher, more ordered, more coherent, and more eomplex leve1 (Nicolis & 

Prígogine 1989). This reorganization involves the spontaneous emergence of new structures and forms 

ofbehaviour (Capra 1996). Those eharacterized by a high exchange of energy with their environment, 

and acontinuous dissipation of energy, are called dissipative structures. Dissipative structures continually 
produce entropy, however the entropy does oot accumulate in the system but is part of energy exchange 
with the environment (Nicolis & Prígogine 1977). In this sense dissipation is no longer considered waste 

but a source of order. Dissipative structures although stable over a finite range of conditions, can be best 
represented by autocatalytie positive feedback eycles (Schneider & Kay 1995). As the flow of energy 

and matter inercases, the resulting instabilities and jumps or abrupt ehanges, are caused by self-amplified 

fluctuations in the form of these positive feedback loops. This amplification is thus a source of neW. order 
and complexity of the system. The points at which these new structures emerge are called bifureation 

points, points at which the system may branch off into a completely different state. This necessarily 
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implies the existence of multiple stable states, multiple possibilities, and therefore indetennínacy and 

unpredictability as the patb taken depends on the system's history, and various external conditions that 

can never be completel)' predicted. In additíon, this process is irreversible, time symmetry is brnken 

(Prigogine & Stengers 191M). 

These different stable states can be described as attractors. A stable state (or set of states, such 

as an orbit) is an attractor and the collection oftrajectories detennined by the successive states'ofthe 

system that flow into ít is called the basin of attraction. If a Jake is the attractor then the basín of 

attraction ís the water drainage flowing into the Jake (Kauffinan 1995). Attractors are the source of 

order in a large dynamical system. Since the system follows trajectories that ínevitably flow into 

attractors, attractors will ''trap" the system into suhregions of its state space. In other words the system 

sets into a few orderly behaviours, despite the vast range of possibilities 

Schneider and Ka)' (1995) highlight the importance of gradients in their "restated second law". 

As systems are moved away jrom equi/ibrium. they wil/ utilize ail avenues available fO 

counter the applied gradients. As the applied gradients increase, so does the system's abiJity 

lo oppose further movement jrom lhe equilibrium. 

Applied in the context of ecosystems, at the most generalleveJ, !ife can be consídered a response 

to the thermod)'namic imperative of dissipating gradients (Ka)' 1984; Schneider 1988). As ecosystems 

develop or mature they increase their total dissipation, and deveJop more complex stmctures with 

greater diversíty and more hierarchicallevels to assist in energy degradation (Schneider 1988; Kay & 

Schneider 1992). Successful species are those that funnel energy into theír own production and 

reproduction and contribute to autocatalytic processes thereby increasing therr total dissipation of the 

ecosystem. This is represented by the development of new dissipative pathways, and an increase in the 

amoent of exergy that they capture and utilize. This would then suggest that disorganizíng stresses will 

tend to cause ecosystems to retreat to configurations with lower energy degradation potentíal. As has 

be shown in a number of stressed ecosystems, they often appear to be in an earlier successional stage 

ecosysterns (Shure & Hunt 1981; Nelson-Smith 1977). For example in a stressed marsh ecosystem, it 

was found in absolute terms all the flows dropped. The stress resulted in the ecosystem shrinking in 

size, in terms ofbiomass, its consumption ofresources, in material and energy cycling and its abiJity to 

degrade and dissipate incoming energy (Ulanowicz 1986). 

The development Qfthe aboye concepts has becn derived largely from physico-chemical systerns 

(eg. Benard cells, chemicafclocks (Nlcolis & Prigogine 1989»), and variouScomputer simulations (eg. 

binary networks, cellular automata and genetic a1gorithms (Kauffinan ¡ 993; 1995»). Much less has been 

done on multicellular organisms, ecosystems and social systerns. Since many of the pathways and 
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processes in ecosystem are as yet UnknOWl1, the description of ecological networks in tenns of these 

concepts is most difficult. 

Researeh Metbodology 

The application of complex systems theory ís but one part of a larger research process.that ís 

being developed and implemented in this project. Figure 1 outlines the stages of this research process. 

Although the research approach draws primarily from complex systems theories, the overall research 

process is based on ideas and concepts from severa! approaches including; the ecosystem approach (Kay 

1994; Slocombe 1993; Alleneta/. 1993a); soft-systems methodology (Check1and 1981; 1990); adaptive 

environmental assessment'(Holling 1978; Walters 1986); hierarchy theory (Allen et al. 1984; 1993b); 

post-normal scieoce (Funtowícz & Ravetz 1994) and ecosystemlagroecosystl;1m hea1th (Rapport 1989; 

Costanza el al. 1992; WaItner-Toews & Wall 1996; Waltner-Toews & NielSen 1995; GaI!opín 1995). 

A critica! characteristics of complex systems that emerges from the abeve discussion, is that 

there exists multiple perspectives, multiple truths and therefore no single perception which can provide 

a comprehensive or adequate view of reality (Funtowícz & Ravetz 1994). Degree of complexity has 

been equated with the number of non-equivalent descriptions of a systems (Casti 1986). This has 

important methodologícal implications. Thus the plurality of different legitimate perspectives and the 

inability of any one particular view 10 capture the wbole, necessitate a variety of fonns of inquiry and 

inclusion ofand dialogue with persons representing different interests (Waltner-Toews & Walll996; 

Funtowicz & Ravetz !994). This type of inquiry, recently coined post-nonnal science (Funtowicz & 

Ravetz 1994), i5 e5pecially relevant in the context of land use and sustainable development. In such 

situations the methods of defining critica1 issues and management goals and the cboice of participants 

involved in the process have an enonnous impact on the range and nature of solutions proposed; In this 

Project considerable effort has becn dedicated to the selection of appropriate "local" partncrs who can 

aid in incorporating local perspectives and more importantly decisíon-makers who can act on the 

infonnation and ou!comes of the Project. In Pucallpa CODESU (Consorcio para el Desarrollo 

Sostenible de Ucayali - Coii.sortium foc Sustainable Development in the Ucayali), a non-governmental 

organization comprised of representatives from aU sectors of the community, is one suitable partner 

througb whicb we hope 10 gain access 10 the whole range of interests in the regíon, from fanners and 

fishennen to government officials and scientists. 

At each stage in the research process we have posed a series of guiding questions. They 

represent a s1arting point, the key questions from whicb other more specific, more applied questions 

can be derived. For the sake of affecting substantive change in the area of study, it is critical tliat the 

entire researcb process be completed. This is the first draft of the researcb process. It will be further 

modified and developed as we progress through the different stages. 
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Tbe Resean:b ProcessJ 

Historial! Reronstruction 

• What has been the overall historical development ofthe system? 

• What have been the key ecological, economic, demographic, and social developments in the 
system? 

• What bave been the rnost significant changes in the structure (eomponents), the pattem of 
organization (relationships) and the dynamies or processes ofthe system? 

• Which are the critical tast, rnedium and slow variables within this overall development? 

• Is there historieal evidence suggesting sudden shifts or bifurcations in the structure or behaviour 
ofthe system? 

ProblemlIssues(s) ADalysis 

• What are the critical issues? 
• What are the managernent goals and objectíves? 
• What are the relevant indicators that can measure performance in terms of identified goals? 

• What is the range of managernent aetions? 

• What are the relevant system variables? 

Scaling 

• How do we define and delirnit the system? 
• What are the spatial and temporal ooundaries of observation? 

• What type of systern are we observing? 
• What are the key ecologieal and human processes that define the system? 

• What is the nested hierarchy in whieh the system is situated? 
• What are the definíng eontextual relationships between tbe system and its subsystems and the 

larger systan in which it is embedded? 

Subsystem Models 

What kinds of subsystan models can be developed usíng conceptual or mathematical modeling 

! Several of!bese guiding questions were ruawn from an unpublisbed paper by James Kay titled Some 
Note:¡ 011: TIte ecosystem Approach, Ecosystems as Complex Systems ami State ollhe EIIV;ro_ Reporting. 
1994. 
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techniques? 

• How do these models articulate with each other? 

• How do those parts of the system which we can model (eg. Hard systems, historical 

components) articulate with those that we cannot (eg. Soft systems, future-expectation models)? 

Re-examinaüoD of tbe System 

• What are the \rey features of complex systems lO which we need lO pay attention? Eg attractors, 

gradients - this comes &om the basic theory about the nature & behaviour of such systems 

• How do we identify those features in a particular case (eg Pucallpa)? ie what are the 

consequences of such key concepts for research design? 

• What are the attractors in the system? 

• How do we identifY the determinants ofthose attraclOrs? ie why this attraclOr and nol a different 

one? This needs lo be answered at two Jevels - theoreticaJly & in the specific case. 

• In what direction will the ecosystem tend lO develop? What are its propensities? 

• What is the behaviour of the ecosystem about the attractor (homeostatic, stable, unstabJe, 

chaolic?) 

• What sources of information do we need lO describe attractors and their determinants? 

• Are there bifurcalion points? 

• What are the potentiaJ flips between attractors? 

• What triggers the flips? 

• How can we monitor them? 

• What are the feedback mechanisms that maintain the attractors? 

• What are the key feedback cycJes? 

• Are there particular positive feedbacks that amplify and create "runaway" processes? 

• Whal are the eonditions surrounding this? 

• What is the eore purpose ofthe human activity system? 

• Who are the important social aclOrslstakeholders in the system, what are their roles and interests? 
(CATWOE, see Cbeckland 1981) 

• What are the existing power structures ie. the socio-politica! context? 

• Who are the decision-makers? 

• What are the rules for identifying and including Jegitimate stakeholders? 
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ComparisollS 

• How does the comple" systems model(s) created compare with the research atea as originally 
describe<! in the historical reconstruction? 

• Does this re-constructed model bear reasonable resemblance to the reality? 

• By using comple" systems theory what have we added? 

• How is it different to the subsystem models initiaUy developed? 

Change 

• What are the desirable and feasible changes in the system, in order to reach the identified goals? 

Aetmn 

What are the neeessary aetions and how can they be implemented? 

Monitoring 

• What are the appropriate indicators to monitor progress and perfonnance of the newly developed 

plans and strategies? 

If one wished to think ofthese steps in tenns oí researcher- eommunity interaetion, we might 

suggest that the scaling and historieal reconstruetion is best done by CIA T researchers alone; problem 

analysis and subsystem models by CIAT researehers in eonsultation with stakeholder groups; re

examínation using comple" systems theory i5 done mainly by scientists, the comparison of developed 

models with reality and previous models is done by both scientists and stakeholders, whereas the last 

few stages, from identifying possible ehanges, instituting and then monitoring them are mainly 

stakeholder driven, with facilitation and adviee from scientists. 

An equally important outcome of this process relates to the ability of the ereated or modified 

stakeholder instiMioos to sustain the process in addressing new problems. Participation in this process 

should be more than a "one-time" thing. We wish to ereate institutions in whieh people can, and do, 

continue to partieipate in solving their own problems long afier the researchers are gone. This is the 

u1timate sign of success. 

Finally, we empha5ize that this process can be used to address many types ofproblems; it i5 both 

íteratíve and multi-faceted. There is no clear endpoint beeause agricultural sustainability, in an 

ever-changing global situation, involves not just enviromnental conservation and economic viability, 
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but the creatiOll of agricultura] institutions and management practices which are responsive, adaptable, 

and can "Ieam" as they go. In the process of pursuing this agenda, the COlAR will itselfbecome a 
leaming institution, whose goal is to create adaptable, leaming institutions for agricuIture througbout 

the tropical world. 
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MAJOR ISSUES FOR THE PUCALLPA AGROECOSYSTEM 

Note: (1) = identffied at!he first interna! workshop (elA T); (2) = identífied in !he first Pucallpa wolkshop; (1+2) 

= idenlffied in bolh workshops. 

WHOlE SYSTEM: 

• Perverse resilíence (contagious unsustainability?)( 1) 
_ Road system as organizing principie (1) 

_ River systam as organizing principie (1) 

AGRlCULTURAL; 

_ Degraded pasturas (1) 

_ Increased monocropping (1) 

• Efficíency of agricultural inputs (1) 
_ Low cattle inventory (1) 

• Low genetic potennal (1) 
_ Lack of agricultural machlnery (1) 

• Seed supplies (1) 
• Ulilization of non-traditional crops and agroindustries (e.g. una de gato, camu-camu - potential uses of 
biodiversity) (1) 

• Weeds (1) 
_ 5011 fragillty and low ferlility (2) 

• Lack of appropriate agricultural technology (2) 
- Irreversible 1055 of soil/land productivi!y (3) 

FISHERlES 

_ Oepletlon and dagradalion of fishing stocks (1+2) 

- PoIlution ofbraeding fish grounds and critical habitats (potential; Inlrla, narcotraffick) (1+2) 

- Scarcity of information about omamental and subsistenee fishery (2) 
- Loss of fish biodlversity due to flshing (2) 

ECOLOGICAL: 

_ Oeforastation (1 +2) 

- Increased fragmentation (1) 
-Increase<! percentage of secondary growth (1) 

• Impacts of coca on biodiversity (1) 
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• Impacts 01 coca on deforestation (2) 
• River poIlution (narcotraffick) (1 +2) 
.'mpacts of selectiva logging (1) 

• lack 01 inventory or information on biodiversity (1) 

• Impacts of activitíes in fIoodplain on rivers (1) 

• Environmental impac! of!he exploitation of natural gas (2) 

ECONOMIC: 

• Transport costs (1) 
• labor and capital scarcily (1) 
• Sudden foreign investment and inllow (e.g., DEA) (1) 
• No extension servíces (1) 
• Coca - economic impacts (1) 
• Unretiable markets, price fluctuations- (1+2) 
• Extrac!ive and absentee forestry system - Iittle reinvestment in iocal economy (1 ) 
• Net economic outflow trom region! Net export 01 resources and benefits (at regional and nationallevel) (1 +2) 
• Undervalued land Plicas (because 01 guerilla, etc.) 
• lack of access lo credit (because lack of windows for smallloans) 

HEALTH: 

• Human heaJth problems (maybe) (1) 
• Human health deterioratlon due lo envíronmental degradation (2) 

• water quality (1) 
• Urban air poIlutlon (1) 
• lack 01 sewerage facilities (1) 
• Medical uses of biodiversily (1) 

SOCIAL ANO DEMOGRAPHIC: 

• Coca • social impacts (e.g. coca cities) 

• Urban unemployment 
• Rural 10 urban migration • social problems (e.g. out migration 01 youth lo Pucallca) 
• Urban poverty (no ctear problem of rural poverty) (1+2) 
• Extractivis-tic bias (negativa attitude towards conservation) (2) 
• Widenlng 01 !he income gap (at !he regional, national and inlernationallevels) (2) 
.lack 01 basic services (drinking water, education, health) (2) 
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INSTITUTIOHAL: 

• Instilutional instability 
• Lack of policy continuity 
• No land monitoríng agency 
• Weakness and fragmentation of!he environmenlal regulations (2) 
• Lack of environmental content in the educational policies (2) 

• Scarcity of policy instruments al !he regional level (2) 

PoLITICAL: 

• Power structure (e.g. concentrated power of timber industry) (1) 

• Geopolítical context - Amazon seen as importan! source of development for nation (1) 

SCIENCE AND TECHNOLOOY 

• Unreliability of !he statistics (2) 
• DomillMce of!he productionist approach lo research (2) 

INDICATORS OF ACCOMPUSHMENT OF GOALS 

(Note: dilleussed only at 1M Pueallpa WOII<sbop) 

Note: tite indicalonl .... baeed on lile fin¡! CIAT WOII<sbop and lile fin¡! Pucallpa worI<shop: sorne llave been modilied. For tIte_t 
puí¡)O$e$. "agricuRuAI' _ crop cuftlvallon. ranchlng. and foJestry. 
"Resource' ís a ganeric lIIIm IndudlnQ agricufturalland. ~ stock. and flsh $Iock. 

Goal 1. Enhance ProductlvlII Capaclty 

• Tota/ agricultura/ production (vo/ume and va/ua) 
f(productivity. resource volume} 

• Productivity (Iotal and per factor; in vo/uma and va/ua) 
f(resource quality. inputs. technology. príces} 

• Land under production 
f(total available !ando land colonization rate, land abandonmenlldegradation rate} 

• Ratio productiva/abandonad /and 
f(land under production, abandonad land) 
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• Agricultural diversification 
f(habitat diversity, producer's objectlve functions, existence of markets, access to markets) 

• Fish ptDduction (volume and value) 
f(fishery productivity, fishlng effort, fish stock) 

• Fishery productivity (voIume and value) 
f(catch par unit effort, total effort, prices) 

• Fish TliICfUitmenl rate 
f(fish stock, health of lhe aquatic ecosysterns, fish harves!) 

• Fish species composition 
f(habita! characteristics, selective harvest) 

Goal 2: Increased food productlan lar the Natlon 

• Total ragional food production 
f(agrlcultural productivity, resource volume -Iand under food crops} 

• Ratio of ragional lo national food production 
f(regional food production, national food production) 

Goal 3: Protect the environment 

• Greenhouse gases emissions 
f(area used, land caver, land use technology) 

• Proportion of degradad land 
f(land quality -or fragility-, land use technology, land under production, totalland available) 

• Proportion of tand with nativa vegetation 
f(land calonízation rate, land use teehnology, initial stock of Iand wilh native vegetation, totalland 
area) 

• Deforastationlraforestation ratio 
f(deforestation rata, reforestation rate) 

• Percentage of protected araas, (within specified ecosystams) 
f(total area, area under production, degradad Iands, ecosystem diversity, environmental taws and 

lheir antorcement, pressures for production) 

• Mismetch between actual and oplímalland use 
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f(optimalland use, actualland use) 

• Changes in sp&Cies compositíon of indicator species 
f(nallJral ecological dynamics, land use, water pollution) 

• Indicators of water poIlution 
f(size of human settlements, tei:hnoiogy of domestic waste processing, voIume of industries, type of 

industries, industrial technology, water voIumelflow) 

• Indicators of aquatic ecosystem health 
f(ecosystem type, water pol/ution, fishing preMure) 

(;0814: SU8talnable management of blodlveraity 

• 

• 

• 

• 

Proportion of mitlve species wíth marlcet va/ua 
f(toIal numbar of species, numbar of species with market value, technology of resource use, volume 

of resource usad) 

Number of non-traditiona/ species being utilizad 
f(lotal number of non-lraditional speaies, market- or use-valua of non-traditional species, availability 

of technology, relative prolitability of otller uses) 

Habitat ioss of wild species 

f(habitat diversity, habitat sizes, volume of resource use, technology of resource use, pollution) 

Other indicators of sustainable managemant (?) 

f{??) 

Goal S: (ncrease human ""alfara 

• Child morla/ily 
f(nutritlon, educatlon, heaith, environmental conditions, access to medical services) 

• Average incoma 
f(lotal regional income, Iotal regional population) 

• Incoma distribution 
f{employment, tax and reallocation systems, social structure, power structure, ?} 

• Cepitalaccumu/ation 
f{ capital investments, capital depreciation) 
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• Poverty level 
f(income dlstrlbulion, total income, social and power structure, aducation & skilll, resoun:e 
degradation, 7) 

• Unemp/oymenl 
f(labor supply, labor demand) 

• Morbldity (diaf1f¡e8l. respiratoty) 
f(same as for child mortality) 

• Satí8faction (suicide rales) 
f(living condilions, cultural and psychological factors) 

• Crime 
f(regulatory and enfon:ement systems, social structure, poverty level, community health) 

• Soclel support networks -communily health 
f(social structure, culture, enabling systems, power dlstrlbution) 

Goal 6: Empowennent of Iocallnstitutlons 

• Local market versus central govemmen! determination of prices of agricultural produce (ratio) 
f(strength of local markets, nalional poIilical system, govemmental appficatlon of instruments, 7) 

• Dependency ratio: ratio of regional economic product to the total value of impolts 800 exports 
f( regional productlon capacity, extra regional markets, natiol'lal and regional policías, 7) 

• Proporlion of cradit frorn intra-ragional banks to cradit frorn extra-regional banks 
f(banking regulations, volume and diversity of ¡ntra-regional banks, natlonal and regional policías) 

• Percent of firms owned /ocal/y to firms owned extra-regionally 
f(power structure, regulalions, regional productlve capacity, time sinca establishment of the firma, 7) 

• Pareen! of pub/Ic seNíces paid far by /he local govemments 
f(national and regionallfocal policies. regional productlve capacity) 

• Changes in volume of membership of local institutions 
f(number of local in$!itutions, culture, social structure, time since establishment of local institulions, 
perception of usefulness of local institulions, pen:eption of usefulness of extra-regional institutions) 
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Increase human welfare 
Chiid mottaJIty 
AV8fS96 iI1COm6 
InOOf1ff1 dstIibution 
Cap/taJ~ 

PCMIIIyIevel 

~t 
MomídJty (dlanheaJ. rospita/Olyl 
Satis/ac#on 1_ IOt .. ) 
c_ 
___ -oommunityheaJth 

_ ... __ . __ L-___ ---¡ 

Empowennent of local instltutiona 
l_ mad<et ....... """tml __ delonnInation of 
pIÍCBS of ~ pIf)IicJcs (mliol 
~ mIio: mIio of rogIonaI_prodvct io the 
_ vaiufJ of impoftS &nd_ 

P"fJOfÓCfI of ~ /mm InIltNO{1msl_ /o ~ /mm 
..,,.-tOgionsI-
PBtf:;f!Jnt of fírms owmtd JocaIIy 10 firms owned 
..,,.-tOgions1ly 
Pe"",," of pfJbIic SeMces paH;llo< by /he 1ooaI_ 
Changes in voIume Of membership of lOcal insIJtutiOOs 

GOALS ANO THEIR INOICATORS 

( 
Sustainable 
Developmenl 
ofthe 
Agroecosystem 

Protect the envlronment G __ _ 

P"fJOfÓCfI 01 degtaded /and 
P-"" of /and wIIh _ vogoIStion 

DeiMlslaIíolV_tion ratio 
_. of "",,6C1sd.,.... (Wit/!jn spocIfied 

_1 
__ actuaI_optimaI/anduse 

(¡ncres .. food-
. productlon lor the 
natlon 
TomI "'f1/OruN 10«1 produc/ion 
Ratio of rogIonaI to _ 10«1 

Chsng<tS in spoci«¡ ~ 01_0< spoci«¡ 
__ 01_", po/Iuti<>n 

_tnrs 01 aquatic _"'" OOaIIh 

Sustainable management of 
blodlverslty 
P-"" 01_ spoci«¡ wiíh _ val .. 
Numbetol_ spoci«¡ being 
utiJized __ 01 _ spoci«¡ 

OIhor_oIsustalnable_em 
(7) 

------_ ... __ ..•.. _ ... 

. Enhance productive capaclty 
TotaI~prodvction 
PmducIMty (total &nd por fIICIOr) 

LandundOr~ 
_~_/and 

AgticufturaI divelsitk:ation 
F/$/I produCtion 

Frshory productMty 1 
rtSh I'tlfCIfIitmBnI rafe 

FtSh spoci«¡_ 
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BriefOverview ofPast Aetivities oftbe ClAT-Univenity ofGuelpb Projeet 
Mayl!)!)7 

1. Bibliograpbie searcbes ofboth peer-reviewed and grey literature were completed on 
(i) Complex systems 
(ii) Definitions of Sustainable agriculture 
(iii) Agroecosystem health 
(iv) Previous research projects and activities in PucaIlpa, Peru 

2. Databases have been created based on the aboye searches and reviews have been initiated. 

3. Draft projeet working papen have been prepared on 
(i) A review of agroecosystem health, drawing in particular on the work of the 

University ofGuelph's Agroecosystem Health Project. 
(ii) A review of the relevant systems literature 
(iii) A review of the history and dynamics of the Pucallpa regíon 

4. Development and Application 01 an Integrated Conceplual Framework lO Tropical 
Agroecosyslems Based on Complex Systems Theories: CIAT-Uníversity 01 Guelph Projecl. 
Article describing the Project and its rationale for Ecosystem Health Joumal. 

5. The M prograrnming language has been acqnired and a preliminary simu1ation mode! ofland 
use dynamics at Pucallpa has been created 

6. Compi1ation of quantitative multi-sectoral data snitable for GIS has been initiated 

7. The case study site in Pucallpa has been visited by the research associates and leaders of 
current projects related to Pucallpa were consulted in both Pucallpa and Lima. 

8. A diagram of the research process required to achieve a complex systems model, based on 
the best available scientific and local knowledge, and to initiate actions to evaluate and improve 
such a complex system, has been created. This process diagram is expected to guide much of 
what will followand to result in a wide variety of outcomes. 

9. The fint internal workshop ofthe Projeet was held at CIAT on Match 3, 1997, followed by 
a series of consultations to identify key issuesl problems in the case study site and to begin 
process outlined in the diagram. 

10. On May 61997 CIAT scientists conducted a workshop with CODESU in orderto ascertain 
the perspective of local community members and to better understand what thet see as the key 
issueslproblems in the regíon. 

11. CIAr scientists participated in a workshop in Iquitos on Strategíc Planning for the Peruvian 
Amazon. AlI the regional departments ofthe Ministry of Agriculture were present. We worked 
with the Director of the Ministry of Agriculture and her colleagues trom the Ucayali Region. 
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Summary Table of the Main InstitutiODll, their MissioDll and Activities in VeayaU. 

Institution Mlsslon Actlvltles I 

PUBLlC 

Insitituto Nacional de Investigación Increase the productivity of!he , Production of improved varieties 

Agraria (IN!A) principal crups and animals through Production of female sheep, guinea pigs and ducks 
research Introduction of new forage species and recuperation of 

degraded pastures 
Evaluation of.the production of sheep 
Research into difl"erent agroforesúy models 

Insitituto de Investigaciones de la Increase !he development of the Aquaculture 

Amazonia Peruana (llAP) occupied parts of the Amazon Inventory and reproduction of fores! species 
Develop ahernatives Iand use Evaluation of species for phannaceutical, food and 

agroindustrial uses 
Technologies for tite industrialimtion of wood 
Industrialization of regional food 
Ecological evaluation ofnatural resources 
Cartograpby fOf environmental planning 

Comito de Reforestacion Reforestation of opeo arcas Plantations 
CommMal reforestation 
Forestry Management 



Fondo de Compensación para el Reduce extreme poverty Supply portable water 
Desarrollo Social (FONCODES) Provide infrastructura, health and Rehabilitatíon of sanitation centres 

education services Rehabilitation of schools 
Road infrastructure 
Rural electrlfication 
Projects finllllcing agriculturallllld fishery production 

Instituto Veterinario de Investigaciones Through resea:rch, inercase in !he Research in agrosylvian systems 
Tropicales y de Altura (IVIT A) production and !he productive Diagnosis IIIld control of rabies and bruce/os/s bovina 

capacity of animals considered a Artificial reproduction oí fish 
regionallllld national priority Agronomic evaluation of medicinal species 

Management oC a regional herbary 

Ministerio de Agricultura Strategic planning for agricultura Promotion oí agricultural activities 
Administration and control of non- Organize !he agricultural producers 
renewable resources in !he region Extension 

Agricultural researeh 
Training 
Reforestation 
Address land ownership and o!her legal issues related to 

resource use 

Ministerio de Pesquería Administration and conlrol of!he Fishery research 
fishery resources Registration oC fish catches in !he ports 

Universidad Nacional de Ucayali (UNU) Train professional to contribute to Improve teaching 
regional and national development Agricultural research in medicinal plants, crops, animals. 
Conduct research !hat contributes to plan! heal!h and non-eonventional energy 
development 

--_ .. _ ... _ ... --_ .. -_. __ .. _-_ .. ---



PRIVADAS 

Consorcio para el Desarrollo Sostenible de Coordínate institutional activities Analysis of planning policies of Ihe regian 

Ucayali (CODESU) directed at sustainable development Evaluation of ieguminous forages and millc production 
in Ihe region systems that can rejuvenate degraded pastures 

Fonnulation oí inter-institutional project proposals for Ihe 

development of sustainable land uses. 

, . Fonnulation ofnational proposals for Ihe stabilization of 

migratory agrkulture and sustainable management oCtlte 
foreslll 

Development of production, processing and 

commercialization of palmito de pijuayo, camu-camu and 
una de gato. 

Centro Internacional para la Investigación Conducto in collaboration wilh Analysis of land use systems 

en Agroforesterla (ICRAF) national institutions, researeh on Ibe Contiagent valuation of natural resources 
development of agroforestry Policyanalysis 
teclmologies for sustainable land Domestication oC agroforestry species 

use Study on Ihe interaction of trees, crops and !he environment 
Promnte activitíes of training, Evaluation of agroforestry systems 
education and communication of Research on foad systems for dual-purpose cattle 

agroforestry 

Asociación Inter-etnica de Desarrollo de la PromolÍOn oflbe self-determinacy, Land registration of native COlnmunities and communal 

Selva Peruana (AIDESEP) identification, organization, rigbtll' reserves 
defense of indígenou. territnries lndigenous heallh in Atalaya, Gnut Pajonal y Tahuanla 
Suppott Ihe development of 

billngnal and intercultnral 

educadO!! 

Promote Ihe re-evaluation of 

medicinal plants . Sources: Riesco, A & Arroyo, M. 1997. Perfil SOClo-tConomlCO de la reglón de Ucayall, lqultos Workshop, 1997 • 



Project 

Tropileche 

Summary ofCurrent and Future CIAT Aetivities in Pueallpa 

Aprill997 

Goa" & Objeetiv .. Aslamptio .. s Sea" Methodology 

• Improv. production and • Milk and mea! are • Plot • ExperimenlS: feeding 
ut¡¡¡zation of feed resources basic part Latin and grazíng trials 

American die! • Fanning system 
• Improve feed quality and • Rumínant optimÍ2lltiOlt 
sopply • DuaI-putpose cattlo • Communityl modolling 

provido Ibe mosl Landscope 
• Develop feedíng strategi .. effioien! mean' of • Participa1(>!y on-fann 
in crop-livestocK systems iru:reasing production reseorcb 

and íncome 
• Improve soil productivity • Land use and ecouomie 
and mitigote soil and pasrure • Small fanners charaéterization 
degradotion domino!e dual purpose 

caltle production • Environmental impact 
assessment 

Outputs Tarpt GtOlIpS 

• Incressed .mclency In • Smalllandholders 
!he use orforage 
_ formill> and 

boef production 

• Known potential of 
different fomge resources 
for increasing milk and 
boef production 

• Informotion on !he 
demand far, acceptability 
and environmental impact 
of new forago systems 



RW'8l • GenenIte methods and • Welfllre ofrural • Communityl • Participotoly methods • Partieipoto¡y methods • Smalllandholders 
Agroenterprise tool. lo fi¡¡;i\itatc design of population will improve Landscape for selceting agrieu!tura1 
Development successt\tl rural thtOugh linking products with lIIIIIIcet 

(re Pue.lIpa only) agroentetprise development smallholders witb potentia1 (fresh and 
projects growtb marl<ets proceased) 

• Ouidelloes aod loca1 
policy oprions for Ibe 
promotion of rural 
ngroindustty witbín 
oonlext of microregiona1 
strategy for susWnable 
agricultura! development 

Goals aDd Objedlves Ba.1e Assumptions Seale Metllndology Outputs Target Oroups 

I'rojed 



CIDA Project • To develop a conceptual • Sootoral and single • Landscape • Simulation modelling • Simulation model • Policy-makers 
fuunework for!be holistlc disciplinary approaches (however with focus 
undersIanding of have faile<! 10 captUre on cross-scal. • Particlpatory research • Databases: Pucallpa and • Local decision-
agroecosystems (AES) as key interactions among interactions) (CODESU) complex systems makers 
b~hical systems, using social, economic and 
\he new ideas derive<! from ecological vllriábles • Application of • Conceptua! Framework • Agricultural 
Complex Systems theories. conceptual framework researchers 

• Pas! researcb efforlS • Methodology ro< 
• T o apply this framework lo "Qward sustainable use • Remote Seosing: time researeb on agricultural 
concrete tropical AES in of nalur1II resources series sustainability 
arder lo assess lis have for a numbe< of 

applicabilíty and usefulness reasons been largely • Indicators reflecting 
for guiding research on unsuccessful in !be complex systems theories 
agroecosystem sustainabílity. reglon 

• Tralning materials in 
• To perfunn comparative • Use of complex Englisb and Spanisb 
anaIysis of tropical and systems theory will 
temperate AES in terms of previde new insigblS • Reassessment of 
systemic properties (AESH into system dynamics researeb priorities in Ibe 
Project, U of Guelph) region 

• To develop teacbing 
material. on complex 

systems approacbes lo the 
stody and sustainable cate of 
AES. 

• To traln young scientiSts in 
\he application of concepts 
and methodologies derive<! 
from complex systems 

Ibeories 10 !he stody and 
evaluation of AES. 

-_ .. _ ...• - --_ .. ~~ .. ~~ .. _~_ ... - ~~ .. ~~~_ .. _ .. - ---~_.~~ .. _~-_ .. ~~~.~~~_ .. _ .. -



l'rojett Goals a.d Objeetives Da.1e Assumptlo .. Sul. Metbodolofl)' Outpllts T ... getG ...... ps 

Elbnobotal\y and • To lII1demJmd índigenous • Agroforestry researeh • Landscape • Ethnogmphic elieiting • Data base • Global good 
Indigenous plant Icnowledge, taxonomy is bes! built on Carmen;' 

Knowledge and use practicesand • Key infurmant .. Local communities 
Icnowledge interviews 

Landuse • To chanlclerize land use • Land use change j. • Landscap<: • Surveys • Chamclerizalion ofland • Global 
Chanu:terization dynamics key to undersIanding use dynamics 

otber dynamics wi!hin • Intervíews • Local 
!he system 

• Remate sensing analysis 

Plan! Community • T o understand plan! • Landuse affe<:ts • Amazon • TraditionaJ botanical • Understanding of plant • GlohaJ Good 

Diversity biodiversity and community biodiversily surveys and invenm .. dynamics 

chango as a fucntion of land 

usechange • Biodiversity has 
importllllt ecological 

sígoificance in fue 

re¡ion 

Ecologyof • T o identify rurtural • Fallow periods are • Landscapel • Correlation of structural • Infonnation on rurtural • Researchers 
Suocessional mechanisms by which essentiaJ in low-inpot ecosystem functlonaJ ecosystem limits lo exploitation 

EcosystemS productivity is reslored agriculturelpasture propertíes aIong 
chronosequence • 0pIi0ns for more 

intensive land use 

• Effeets of experimental 
manipulations 



Appendix Two 

OVERVIEW AND SYNTHESIS OF TBE PUCALLPA·UCAY ALI REGION, E PERU 
-CASESTUDY· 

Ernesto F. Ráez·Luna 
Tamsyn Rowley 
Gilberto Gallopin 
David Waltner-Toews 

INTRODUCTION 

May,1997 

'Ibis overview and synthesis ofthe Pucallpa-Ucayali regíon is provided within the context ofthe 
CIDA-funded project "Development and Application of an lntegrated Conceptual Framework for 
Tropical Agroecosystem Research Based on Complex Systems Theories". The project is jointly 
executed by CIAT and the University of Guelph (Canada). 

The project wil1 focus its application on the Amazon lowlands, an extended regíon that faces the 
conflict between high natural richness and increasing conversion of wild lands to monocrop 
agriculture and cattle ranching. A case-study site has been chosen in the Pucallpa·Ucayali regíon 
ofEastem Peru (Andean Ol Westem Amazonia). CIAT has worked in Pucallpa for more than two 
decades. 

TheDataSet 

This document is hased upon three main sources ofinformation: (1) literature review, mostly of 
CIAT and Peruvian sources; (2) repeated consultation and confrontation of views among CIA T 
personnel working in Pucallpa; and (3) extensive consultation with Peruvian experts and non
CIAT intemational R&D scientists working in Pucallpa. 

We rnust wam the reader that the quality and scope of out data set is heterogeneous. CIA 1"8 
activities in Pucallpa (and those of its Peruvian partner organizations) have focused in the 
development oftechnologies for the improvement and maintenance of extensive cattle ranching 
based upon forages adapted to the regíon's poor soHs. Thus, little information not specifically 
related lO pasture trials is available at CIA T. Also, CIA 1"5 information concentrates in the 1980s, 
with some reference lO the 19705. lts hislOrical and present value is, thus, limited. Very recently. 
Drs. Sam Fujisaka and Erik Vene1daas (CIA T), and Dr. Joyotee Srnith (CIFOR., formerly CIA T) 
have started intensive work in Pucallpa, on farm-Ievelland use and its ecological-econornic 
determinants. Their initial data are still unpublished. 

Infonnation produced in Peru is scattered throughout severa! hierarchy layers and across a 
number oC offices in seveÍ'al govemmental and non-governmentaJ organivrtions, as well as in the 
hands oC individuals. This information is historically incomplete, of uncertain reliability, and 
heterogeneouslyaggregated. Frequently, different governmentaJ offices will provide conflicting 
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figures forthe same subject Perhaps worse, past official 5taüstics (even from the 1980s) have 
ofien disappeared from office, due to organizaüonal cbanges and other accidents. When 
infortnation exists, a common problem is that absolute ranges and point-data are lost within 
badly documented class-categories and divisions tbat tend to cbange from time to time. The 
technícal quality of the data is severely heterogeneous, worsening as we move into the past. 
Finally, there is a1ways the ghost of short-term polítical interests distorting the data. 

Thus, it should not come as a surprise tbat there is asevere scatCity of scholarly or technícal 
works that quantitatively anaIyze and compare the study region in terms of pattems, trends or 
processes. This situation seems to be improving during the last few years, stimulated by new 
resources and attitudes. However, thorough economic, ecological or social anaIyses are still 
missing even for the most important activities of Ucayali. In thís context, ít is too easy to end up 
relying on data-leas or non-corroborated hypotheses, more or less informed/prejudiced opiníons, 
and plain SpeculatiOn. We have made a sincere effort to avoíd a1l these traps, and feel reasonably 
confident ofthe informatíon here provídOO. 

Scope 01 the Document 

in practice, we are interested in the perlod between 1940 and the present; the períod when 
colonízation tumed into a significant driving force in the study region. It is between 1950 and 
1970 tbat Pucallpa received the human flows tbat shaped its present landscape. Since 1960, Peru 
as a nation experienced severa! structural changes tbat directly affect our understanding of the 
country and the study region. Above a11, in 1968 a leftist military coup loo to a radical overturn of 
the structure ofland ownership. Suddenly, Peruvian land ownership tumed from high1y 
concentrated among a few families into the less concentrated Iand of the Arnericas.The military 
dictated a state monopoly on a11 the large industries (oil, mines, energy, communícations) and 
establishOO a state monopsony on agriculture. Since 1980, at the end of the military periad, Peru 
suffered deep economic crisis, acute political violence, and the cocaine boom. Since 1990, the 
authoritarian regime oftwice-elected president Alberto Fujimori controllOO macroeconomyand 
terrorist guerrillas, and started a still ongoing process of economic liberalization, including 
extensive re-privatization of industries and land. The effects of these last developments are 
unfolding as we write. 

Looking al Ucayali from a cross-scale perspective, several significant scales may be identified. 
Sensible scales below and beyond the regionallevel include the farro (farmer's rationality and 
decision making); the subregion (e.g., Pucallpa cíty, road to Lima); an inter-regionallevel, 
probably affecting access to land, labor, product diversification, and the dynamics ofpopulation 
migration; and the nationallevel and aboye. This introductory document will focus on the region. 
The regionallevel facilítates inter-disciplinary discussion of complex realities (Hengsdijk & 
Kruseman 1993). Our focus on the regíon is a1so an effect of data availability. 

Finally, a1though in thís document we wiU focus in the recent past (19805 and early 1990s), we 
want to stress the importance of the much wider hlstorical context tbat embraces the region. Peru 
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is a territory occupied and modifíed by humans during more than 10,000 years. Although it will 
not be treated in this text, we can track sorne key organizational characteristics of Peru and the 
study region back to Pre-Hispanic times. 

DESCRlPTION OF THE STUDY SITE 

Preeautionary Note 

Perú shares with Colombia, Ecuador and Bolivia a triple geographical identity: Pacific, Andean 
and Amazonian. The Amazonian regions in these three countries are quite different from one 
another, both ecologically and socioeconomically. Moreover, Andean or Westem Amazonia, 
taken as a whole, is sígnificantly different than Brazilian or Eastero Amazonia, both in ecological 
and socioeconomic terros. Thus, before Amazon-Ievel generalizations can be made, upon the 
base of one site's information, researchers should carefully confront their knowledge with other 
Siles in the regíon. 

Pueallpa.Ucayali 

Ucayali lS an administrative region and a department in Peru. The Ucayali regíon, located in the 
central Amazonian lowlands, extends across 110,831 km2 and is popuIated by 366,912 people 
(1996; INEI 1997). The large Ucayali river, bom in the Andes, flows throughout, from south to 
north, along 1,600 Km. The Ucayali river joins the Marafión river to forro the. Amazon (Map 1). 

Pucallpa, located on the left margín of the Ucayali river, at 154 m.a.s.!., is the regíon's capital 
city. Pucallpa i5 directly connected to the nation's capital, Lima, by plane and by 842 Km of road 
(Map 2). Pucallpa is the most important river port ofPeru's central Amazonia. 

Human population in Ucayali concentrates in Puca11pa city and along the mad to Lima. 
GeographicalIy, this atea cottesponds to the Aguaytia river's basin, which extends over 16,995 
km2, and holds 322,000 people (IlAP-CRP 1996; Map 3). Traditionally, agricultura! research has 
focussed on a sample of this arca, which covers no more than 1,000 km' (Map 3). The rest of 
Ucayali is very sparsely populated, down to 0.2 peoplelkm2 in the remote province ofPurús. 

Average temperature in Pucallpa is 26-28 ·C. Rainfall (-2000 mmlyear) is slightly biseasonal, 
with Match and October peaks, and clear skies between June and August (Figure 1). Ucayali's 
natura11andscape is dominated by large meandering rivers, lowland and piedmont rainforests, 
and their associated land forros (floodplains, sand beaches, oxbow lakes, terraces, uplands). 
Wbile the floodplains are seasonally covered by rich sediments fiom the Andes (entisols), the 
extensive forest-covered uplands bear ancient, acid, and infertile soils (ultisols). Although a 
tborough assessment doeS not exist, Ucayali iB intemationally considered a regíon of very high 
biologícal diversity and highest conservation priority, based upon ecosystem diversity, speeies 
richness, and endemism (F ANPE 1996). 
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Historieal Background 

More than 60% ofPero's terri10ry is covered by rainforests. Arable land is very searce. Tbis 
situation, combined with the wrong perception of Amazonia as an empty and highly fertile 
region, has fed ideologies and policies of Amazon conquest. Colonization of the Perovian 
Amazon has been repeatedly stimulated by the construction of penetration roads and by 
subsidies. Modem Ucayali is one result ofthese policies. A briefhistory ofthe Puca1lpa-Ucayali 
region is offered in Box 1. 

Ucayali started to grow rapidly in the 19405, when a road connecting Puca1lpa (Ucayali's capital) 
10 Lima (pero's capital) was built. Spontaneous colonization from the Andes followed. Puca1lpa 
tumed by the 19508 into the timber capital ofPeru. The opening of logging roads stimulated 
further encroachment of spontaneous colonists. 

Since the rnid 19708, Pucallpa has been an active study site for CIA T and its partner Perovian 
R&D institutions (chief1y MTA and INIA). Researchcameto ahalt at the end ofthe 1980s, due 
to political violence, but it has enthusiastically resumed in the last yesrs. Recently, ICRAF and 
CIFOR initiated new research in the arca. 

DEMOGRAPHY 

Figure 2 shows the demographic dynarnics ofPuca11pa-Ucayali since the 19408. The region's 
average growth rate (5.3%) is well aboye Peru's (2%). Urban population is 65.1% ofthe total, 
and it concentrates in Pucallpa city (88% ofthe urban popu1ation). Tbis follows a global and 
national trend (perú is 70"10 urban, concentrated in Lima city). Ucayali contributes onIy 1.5% to 
the total population ofPerú (INEI 1994). 

According to INEI (1995), Ucayali, with 77.3% of its population in poverty, occupies the twelfth 
place among Pero's departments; but is well aboye the national average (56.8%). Moreover, 
43.9% ofUcayali's inbabitants live in extreme poverty (national average is 28.4%). Fifty four 
percent ofUcayali's poor are urban; however, poverty among the rural popu1ation is 94%. In 
Pucallpa city, 59.7% of the population are poor. Mortality befare the tirst year of age among the 
poor is aboye 73 per 1000 in Ucayali (against 66.5 per 1000 in Perú) and about 50 per 1000 
among the non-poor (against 36.7 per 1000 in Perú). Still, infant mortalíty in Ucayali ranks it 
ninth among other departments. In summary, Ucayali is among the poor but is far from being the 
poorest regíon in Perú, both in relative and absolute terros. 
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ECONOMY 

In spite ofthe investment in roads, the repeated subsidies. and a few economic booms, Ucayali's 
contribution to Peru's GNP has consistentIy been low (near 0.9"10). Figure 3 shows Ucayalí's 
GDP over a l4-year periodo During the 19808 and 1990s, the primary (extraction) and secondary 
(transfonnation) sector contributed more than 60% ofthe regional GDP. We wiIl concentrate our 
anaIysis on these sectors, since they are directIy related to natural resource use in Ucayali. As 
shown in Figure 4, the main subsector in the primary GDP is the agro-sylvan (agricultura! and 
fores! products). Much less important in value is fishery, the only other primary subsector related 
to direct exploitation of renewable resources. 

The most important economic activity in Ucayali is the exploitation of timber from natural 
forests. AOOut 40% ofUcayali's human population depend directly or indirectIy on this activity 
(eDe-Pero 1991). This is a structura! feature ofUcayali's economy (lNFOR 1986). Figure 5 
offers an instance of such feature. However important, the timber activity suffers from severe 
structura!limitations. In spite ofthe enormous diversity ofthe fores! (estimated in -2,500 tree 
species), only aOOut 250 are used, and intensive commerciallogging is limited to aOOut twenty 
species ofhigb J'Illl1'ket value or with a well-established demando Moreover, while the estimated 
commercial volume ofthe forests around Pucallpa is about 100 m3/Ha, only 5-7 m3/Ha are 
commercially extracted (Barrantes &. Trivelli 1996). In spite ofits great selectivity, timber 
extraction happens with very low quality standards, wasting the resource and causing extensive 
damage to the forest. Reforestation or silvicultura! practices are almost never applied, leaving 
behind impoverished forests in ooth their genetic and economic value. On the other hand, the 
industIy shows great disarticulation between extractors (mostIy individual peasants who happen 
to own a chain saw), industrials (sawmill owners, the most important from outside the region), 
and specialized middlemen and merchants (many also from outside). Up to 64% ofthe timber 
destined to the interna1 J'Illl1'ket, and up to 96% of export timber are absorbed by commercial 
enterprises based outside the region, so that Ueayali experiences a severe capital drain as its 
natura! resource base degrades. 

Figure 4 suggests that fisheries play an insignificant role in Ucayali's economy. While this may 
be true in terms of money, in volume, freshwater fisheries supply the most important source of 
animal protein in the region (Figure 6). Seing extracted flom 18kes and rivers with low effort and 
small investment, fish are a eheap and excellent food. Tbis is a clear example of the largely 
unaccounted subsidy from nature that supports Ucayali's economy and population. 

R&D and Teehnology ror Renewable Resouree Use 

Boxes 2 and 3 provide basje information on the main agricultura! and natural resource R&D 
institutions working in Ucayali, and on the available technology for renewable resource 
rnanagement in Ucayali. The value of eurrent research and techoology for the sustainable 
development of the Amazon is a contentious matter in Pero and abroad. While some experts 
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claim that enougb is known and has been developed for the integrated sustainsble management 
ofWestem Amazonia (F. Razzetto, pers. comm., November 1996; A. Bmele, pers. comm., May 
1997); other experts rojeet that notion (J. Dancé, pers. comm., and meeting with CODESU 
directors, May 1997), and in pmetice prefer to rely on more traditional approaches to 
development 

Substantial to this debate are conflicting views on technology transfer and adoption. In Ucayali, 
adoption of new teehnology has been meager over the years. When adopnon has been high, as 
with the adoption of Brachiaria improved grass, factors quite different than active transfer may 
have been on play (see below). Thus, advocates ofthe "enough technology" thesis aloo blame the 
agricultural R&D institutions of inadequate priority setting for the development of improved 
technology, and of inadequate transfer efforts. Central to the discussion are the rationality and 
priorities ofthe local stakeholders. Without taking party on the main issue, it must be accepted 
!hat R&D in the region has traditionally suffered of top-down and technocratic biases that could 
have affected the adequacy of technology or its odds of adoption. Following global trends. this 
traditional approach to R&D could be~hanging recently, althougb signs are still weak and 
indecisive. 

LANDUSE 

Here we offer a summary and simplified version of the land use dynamics that supports the 
regíon's economy. Figure 7 offers a more complete and complex description, that retleets our 
current consensus. Figure 8 ranks the land transformation pathways by their peretived frequency 
of occurrence. 

Land use transformations in Ucayali stsrt with selective logging. Under govemment permission, 
extractors large and medium exploit natural forests for a handfnl oftimber species ofhigh market 
value (mahogany, tropical cedar, "lupuna", and a few other). Logs are transported to sawmills in 
Pucallpa mostIy by river. The products (lumber, flooring tiles, and plywood) are later taken to 
Lima by road. Colonists aloo log the natural forests, in a slightly less seleetive manner, as they 
tend to exploit smaller individuals of the finest species and a few more species of lower market 
value ("copaiba", "bolaina blanca"). Historically, logging roads have favored spontaneous 
invasions of timber concessions by colonists, providing an excuse to the relatively meager 
production of even the largest logging companies. 

In the land abandoned by the timber companies or in their own a1ready logged lands, small to 
medium colonist farmers slash-&-bum the forest (1-2 balyr) and plant annual crops. As labor and 
capital constraints preclude ooil conservatlon practices, soil fertility, temporarily enhanced by the 
forest ashes, falls in 1-2 years below annual crop productivity. Some fallow-crop rotation may 
happen, but fallow is usually short-term, and eventua1ly soíl fertility falls well belowannual crop 
productivity. Then, improved pastures are planted or allowed to encroach from ueighboring lands 
or native pastures are encouraged and maintained by repeated buming and grazing. Pastures are 
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largely established to protect land cl.a.ims and increase land market value (most people have 
pastw:es without cattle). Cattle llave value mostly as on-hoof savings, and provide some social 
status. 

New cropland is obtained by slash-&-burn of pr:imary or secondary forest. As soil fertility keeps 
decreasing, a number of fallow-pasture schemes are usually essayed by the farmers, but pastures 
are eventually rendered largely unproductive. Through time, land accumulates into severa! types 
oflow-investment, low-productivity pastw:es and long-term secondary growth. In spite of its 
impact on the laru:!. cattle production is very low. As already shown (Figure 6) main animal 
protejn in the region is freshwater fish, consumed -10 times more than beef. The system 
reproduces and expands slowly by the selective logging, occupation and clear cutting of more 
natural foresto However, deforestation in the regíon has onJy been significant in the area of 
influence of roads, where human population and market flows concentrate. 

Land Use eategones 

Following Figures 7 and 8, the main eategories ofland use in Ueayali are: 

Natural fom&: Original forests ofthe lowlands and uplands. including riverside successional 
forests. They have been extensívely settled by indigenous peoples over thousands of years, 
subjeet to low-intensity huntiDg, gathenng, and shifting agriculture. 

DelJ'llded rorest: Primary forests defaunated and wood-impoverished, after extensive hunting 
and selective logging. High-intensity hunting and uncontrolled seleetive loging without 
silvicultural management erode the community structure and the genetic pools ofthe forest, 
threatening their long-term productivity and renewal. 

VillaJes and eities: The onJy main city is Pucallpa itself, at theEast end of the main road to 
Lima. with -200,000 inhabitants. Smaller settlements occur along the main and secondary roads, 
and along the rivers. 

Aggla! eropa: Main crops are plantains, maniac, rice, and grain com. These are planted in 
monoculture, following slash-and-bum. No significant fertilizer or pesticides are applied. 
Management of crops is limited by labor scarcity. The main fertilizer are the ashes. Plantains and 
maruoc are the region's main staple food. Rice and com are cash crops which establishment was 
goverument-subsidized. 

Permanent erops: Planted perennials, both native and exogenous. Main economic perennials 
are citrics, oil palm, and coca. 

Improve4 pastures: Pastures are planted right after slash-agd-burn or when soil fertility 
declines below annua! crop productivity. Main improved forage is Brachiaria grass, almost 
ubiquitous in the Pucallpa arca. Pastures do not receive significant management. 
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Native-DomiDate4 pstorea: As soU fertillty deeliDes in planted pastures, invuiOD of Dative 
grasses may occurt, rendering a savanna-Iike terrain of low productivity. Under repeated fue and 
permanent grazing, tbis stage may be permanent. In their absence, provided the presence of 
forest seed banb, and depending upon the relative action of seed predaton and seed 
dispersen these pastures may eventually become secondary growth. A possible variation to this 
pattem is the invasion of Brachiaria grass. The aggressi.ve root system ofBrachiaria seems to 
a1low it to displace native grasses, and could explain the apparent rarity of native pastures in the 
Puca1lpa atea (ERL, pers. obs., and D. Bandy, pers. conun, May 1997). 

Seeondary growth: Successional stages in abandoned or fallowed clearings, dominated by frees 
that eventually forro a closed canopy. Biodiversity is typica1ly much less than in natural forest. 

Figure 9 shows the major outputs from land use in the regian, in terms of products (tangible 
oUtputs) and services. 

SOCIAL ACTORS 

In order to adequately understand tbis section, the reader should keep in mind that diversity must 
be expected witbin each of the social groups here identified. Diversity witbin groups arises from 
difIerent origin of peoples, difIerent times of arrlval, difIerent level! of poverty, gender 
difIerences, and difIerent natural base in their sites of settlement. 

There are two versions of a central govermnent: national and regional. Regions and regional 
govermnents were created in the late 19808 as a means to better distribute economic and political 
power in severely centralized Perú. However, Fujimori's government has taken back mast ofthe 
original power and autonomy ofregional govermnents. AlI important decisions are stiIl taken in 
Lima. Sectorial offices respond to the centra1 govermnent, a1though they receive funds through 
the regional government. Politica1 and technical sectorial personnel are unstable, the average 
servíee periad of a regional or local decision maker being less than one year (with a few 
remarkable exceptions). Regional and local polieies are concomitantly short-termed. 
Municipality-level govermnents (local) are of a difIerent (more democratic) nature, and ofien 
playa significant role at the grassroots; altbough they are chronica11y under-budgeted and 
understaffed. 

Important private interest groups and stakeholders ¡nelude Indians, farmers (mostIy small 
eropllivestock producers, loggers, and coca growerg2), artisanaI fishermen, merchants, and timber 

[ "Torourco" ass<Íciation, dominated by Axonopus compresssus and Paspalum 
co1ifugatum. 

2 In practice, these identities may overlap. 
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companies (extractive, industrial, and commercial). Grassroots and small producer organization 
is very weak in Ucayali. Although their impact has never been assessed, drug dealers must be 
taken into account, for their acure potential etTect on land use, demographic changes (migration), 
and markets. 

Urban groups in Ucayali are the unemployed, the people employed in services, the bureaucrats, 
and sorne industrialists. Researchers and technocrats from NGOs, DlItional, and intemational 
research institutions play lower-profile roles in Ucayali's socioeconomic dynamics; but their 
impact in the long term may be significant. A list of the main social actors follows: 

• Govemment 
• National 
• Regional 
• Municipal (local) 

• Economic groups 
• Drug dealers 
• Large timber extractors, industrlals, middlemen, and merchants 
• Agricultura! producers I small timber extractors I coca growers 
• Merchants 
• Artisanal flShermen 
• Bureaucrats 
• Urban unemployed 

• Ethnic groups 
• Amazonian IndiarlS 

• Other 
• Broad-based alliances and NGOs 
• Research institutions (DlItional and intemational) 

SYNTHESIS 

Boxes 4 and S sununarize the main socioeconomic and ecological features of the study regíon. 
As the 19908 reach an end, agriculturallrenewable resource R&D projects in Ucayali re-flourish 
both arnong inrerDlltional and DlItional institutions. Still, a great deal of uncertainty surrounds the 
Pucallpa-Ucayali region, as the economic and ecological values ofthe land decline, and 
traditional exogenous and endogenous constraints keep in action. 
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Box 1 . Summary History of Ucayali 

• Since IV 5,000 yap: Amazonian cultures. Hunting-gathering and low-intensity shifting 
agriculture. Occasional contacts with Andean civilizations and Spanish conquerors. 

• 188as., 1930s: Rubber boom. Foundation of Pucallpa (1888). 

• 1940s: Road Lima-Pucallpa (1943). Spontaneous colonization from the highlands. 

• 1950s: Timber extraction stimulates colonist encroachment. Improvement of road to 
Lima. Major colonization waves by the end of the periodo 

• 1960s - 1970s: Agro-silvan economy develops. Subsidy from nature. Cattle numbers 
¡ncrease. 
.. 1965 - 1975: Peruvian Amazon: Fur and live animal trade. 
.. 1970 - 1972: Peru: Nationalist military government re-distributes land. 

• 1980s: Coca boom. Nation-Ievel economic crisis (hyperinflation) and terrorist guerrillas. 
Generalized abandonment of lands (cattle numbers decrease). 

• 1990s: Control of economic crisis and terrorismo Land re-privatization. Declines in coca 
production (1). Reclamation of abandoned farms (1) 



Box 2. R&D I nstitutions in Ucayali 

• NARs 
ji> IVITA: Cattle production (since '" 1983, small producers) 
ji> JNIA: Cattle production, agroforestry, silviculture 
ji> IIAP: Research in natural resources, aquaculture, and agroforestry 
ji> University of Ucayali: Agronomy and Forestry. 

• JARDS 
ji> CIAT: Cattle production: forages, degraded pastures (small to medium 

producers) 
ji> ICRAF: Agroforestry 
ji> CIFOR: Carbon sequestration markets, management of secondary 

forests. 
• Development Agencies 

ji> IDRC I ellD: Agricultural research; institutional development 
ji> UNDP: Oil palm (alternative development) 
ji> IICA-GTZ: Alternative development 
ji> USAID: Control of coca production 

--~~ ~~ ~~ ~~-----~-~~~~~ .... ~ .. _ .... ~.~. 



Box 3. Agricultural and NN. RR. Technology in Ucayali 

• Improved grass-Iegume pastures for double-purpose cattle 
.. CIAT IIVITA 

• Agroforestry: Reforestation with timber and industrial species, alley 
cropping (experimental) 

.. ICRAF -INIA, IIAp, Reforestation Committee, Oil Palm Grower Asso. 
• Integrated Organic Farming (earthworm-compost horticulture, 

aquaculture, small farm animals) 
.. IIAP 

• Sustainable logging and Silviculture 
.. INIA - INRENA - ITIO 
.. CNF - Netherlands (secondary and "residual" forest) 

• Regíon-Ievel Sustaínable Land Use Plans 
.. Regional government (?) 
.. Swiss cooperation I CDC-Perú 
.. IIAP and other 



Box 4. Pucallpa-Ucayali: Socioeconomic Synthesis 

• Agricultural frontier in the Andean (Western) Amazon 
... Colonist majority, unrooted and marginal. Native cultures decimated: 

"Ecological blindness" (?) 
... Uncertain / Risk·prone environment (terrorisml): Risk aversion . 
... Subsidy & Boom·oriented economy (coca!): Opportunism. 

- Subsidy from nature: timber, fish, game. 
... Diversified and uncertain production. (Increasing agricultural prod.?) 
... Low institutional development. Particularly at grassroots. 
... Low market development. Extra-regional dependency (?) 
... Extractive, extensive, low-technology production. 
... Labor and capital scarcity (?) 
... High relative poverty, urban-concentrated; although livinghood better 

than in highlands and larger cities. 
• Perú: Macro-economic bonanza. Neo-liberal policies. Latent social 

violence. 
• World: New attitudes and possibilities for holistic R&D and sustainability . 

..... _ ... _---



Box 5. Pucallpa-Ucayali Ecological Synthesis 

• Extensively exploited old-growth forests, defaunated and 
wood-impoverished (genetically eroded). 

• Slowly increasing deforestation (carbon emissions). 
• Encroaching secondary growth and low-productivity pastures in 

most densely human-populated area. 
• Extensive loss 01 productive capacity and economic value of land. 
• Increasing uncontrolled 1resh-water fisheries. Severe risk 01 

over -exploitation. 
• The only region in the Peruvian Amazon without protected areas. 

Three areas in Ucayali considered 01 highest conservation priority· . 
(FANPE 1996). 

• Pucallpa area considered environmentally critical based on 
de10restation, top soil erosion and water pollution (UNCED 1992). 

Sources: Gonzales 1995 in Hajek. I FANPE. 1996. Biodiversidad Biológica del Perú. 



Figure 1. Pucallpa-Ucayali Climate 
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Figure 2. Ucayali: Demography 
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Figure 4. Ucayali Econorny: Extraction Sector 

Sectorial GDP (1979 Constant Prices) 

New Soles 
14 I.-------------------------------------~ 

12 

10 

8 

6 

2 . ~.----

o .. -----
1979 1983 1987 1990 1992 

Source: INEI 1993. Cuentas Regionales Ucayali 

~Mining 

lllIll Fishery 

~Agro-silvan 



Figure 5. Ucayali Economy: Importance of Timber 
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Figure 6. Ucayali: Animal Protein Production 
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Rgure' 7. L.and-Use Transfol11ations in the Ucayali Regían 
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Figure 8. l.and-Use PattMays in the Ucayali Reglon 
Relalive IrJlX)I1ance by Frecuency of Occurrence 
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Figure 9. Main Products and Services by l..and-Use Category 
in the Ucayali Region 
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'Overview of the Fisheries in Ucayali 

Draft, May 1997 

A. General Charaderisties (see hydrological map ofthe regíon): 

• Ucayali regíon contains 14% ofthe entire area of inundation in the Peruvian Amazon. 
• The area of influence ofthe fishing fleets ofPu.callpa cover 60% of the Ucayali river. 
• In 1986 it was estimated that the Puca11pa fleet was able to extract 20,000 tons of fish per 

year. 
o The lakes and ox-bos are the most intensively fished, second are the gorges, rivers and 

pools or arms ofthe rivers. 
• There are three main ports: in Puca1lpa they include Puerto de la Capitanía, in the fIood 

season, and during the dry season, Puerto de la Hoyada. AH year round there is a port in 
Yarinacocha, Puerto Callao. 

B. Economics of the Fishery Sector 

Figure 1 shows the fIuctations in the volume of fish caught over the past 15 years. The 
instability in the quantities of fish caught and unJoaded in the Puca11pa ports is most evident. 
The consumption of fish per capita is increasíng. In 1984 was estirnated at 29-32 kg /personlyear 
Figure 2 contrasts the role of fish versus other meats as a source of protein. It would appear that 
the importance of fish in the rural areas is the most critica1. 

There are large fIuctuatíons in price depending on the season, the time of day and supply 
and demando In the cornrnercíal fishery there exists severa! intermediaries who ultimately 
elevate the price by 50% as it is distributed mm the port to the consumero 

Productor -- Processor --- Wholesaler -- Retailer ---- Consumidor 

C. Key Cbaraderisties oftbé Ueayati River 

• White water and low transparency 
• 1460 km mm AtaJaya to Nauta 
• Width in fIood is 559m, in the dry season is 535m 
• Average flow in 11000 is 17,305 m3/see, in the dry season is 3,234 m3/seg 
• Average Velocity; 2.01 mlsee in fiood and 0.63 mlsec in dry season 
• Variation in water level is +1- 10m 

These major fluctuations in water level affect two important components:(i) river bed (ii) 
fiood p1ain. Flooded areas are covered with dense forest resistant to floOOing which play an 
important role in the overa!1 productivity of the system. 
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· l\IRl. Total Tonnage of Flsh Caught in Pucallpa, 1980-1995. 
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• The vegetation provides diverse habitats for animals and plants. However deforestation 
along the rivers banks affects the feeding and spawning of fisb during the flood season. 
This is especially true in Yarinacocha. 

• The vegetation acts as a filter for aloctonos and autoctonos material whicb serves as 
nutrients for plant communities and fisb 

• It forms detritus !hat provides food for other organisms 
• Fisb species are adapted to deal witb fluctuations in !be availability of oxygen 
• In tbe flood plain there are many lagoons and ox-bo lakes which sus!aÍn a large part of 

the fishing activities 
• Nutrients are concentrated in !be sediment after flooding 
• Soil fertility levels are markedly higber in the flood plain than in the higher arcas. Thus 

tbe river plays a critica! role in maintaining and renewing !be productive capacity of!be 
land. (As sbown in Table 1 below!be soils are more fertile in the flooded arcas, whereas 
in the higher lands soil acidity and low leve1s of tbe key chemicals are severe limiting 
factors for agriculture) 

Table 1: Chemieal eharaderistics oC soils representative of UeayaU 

Depth pH Ca Mg K Sat Al. P 
(cm) 

Alluvial 0-20 7.7 27.2 3.1 .47 O 15 
lands 

Highlands 0-20 4.4 .7 .3 .08 81 2 

80urce: ONERN, 1982 

The hydrological cycle ¡sthe key determinant of the seasonality 01 both farming and 
fisbing activities. Fisbermen are well adapted to these fluctuations and concentrate !beir 
activities in different places depending on tbe season. During flood fishing is mainly in the 
lakes, in between they use "canos" and gorgcs, in dry season the fishermen are in the rivers 
where the fisb accumulate as tbey lcave the flooded arcas. Figure 3 highlights the link between 
the different cyc1es of farming and fishing and the hydrologica! cycle. 

D. Charaeteristics 01 Fish Resourees 

There are roughly 1200 to 2500 speeies in the PeruVÍan Amazon (Bolke et al. 1978; 
Nelson 1984; Gery 1984) 

The high diversity and wide range is because of two factors: 
• Large number of habitats 
• Major changes in the water level creme many ecologica! ruches, causing specialization 

and speciation. 
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Activities 
Figure 3: Comparison of Agricultural and Fishing Activities ofthe Floodplain Population 
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There are 378 registered species in Ucayali. Sixty-four are caught foc consumption. 
Seventy-four are caught for omamentals (ie. for aquariums mainly in the intemational market). 
Ofthe 64 species consumed, 10 species sustain 80";" ofthe fishery productíon (See Figure 4). 
The iliofagos fish which eat detritus and a1gae comprise 50% of the total volume of catches 

Seven Main Fish Families Exploited: 

(i) Arapaimidae: Biggest species found in sweet water, "el paiche". The population has 
climinished to the point where they have not existed in Yarinacoche for 13 years. They 
are stiU found in Iparía and Tahuanía. They inhabitat slow waters. 

(ii) Characidae: Has the most number of species, for both consumption and ornamentals. It is 
of major importance for aquaculture. 

(iii) Prochilodontidae and Curimafidae: Eats the detritus and microalga. Comprise 50";" of the 
commercial production "boquichico and chio-chio" 

(iv) Doradidae: Exploited for both consumption and ornamental s 

(v) Pimelodidae: Secónd most important commercial fish 

(vi) Loricariidae: Ornamental and consumption 

(vii) Cichlidae: Typical fish typícal oftranquil waters 

E. Charaderistics oC the Fishermen 

In the Pucallpa area most fishermen dedícate the majority of the work to fishing 

There are three types of fishermen: 

(1) 

• 
• 
• 
• 
• 

Professionallfull-time fishermen 

principIe and only antivity ís fishing 
have boats with mútors and commercial nets 
Jocated mainIy in Pucallpa and Yarinacocha 
called "congeJeros" 
can travel far distances 
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(II) SemiprofessionaJ/part-time fishermen 

• commercial scale but only during the dry season when fish are most plentiful 
• sell fish in Pucallpa 
• in flood season fishing is for subsistence only 
• has complementaty activities in agriculture 
• has motors and commercial nets 
• located in Atalaya, Aguaytía, Esperanza and especially Masisea 

(IH) Artisanal fishermen (subsistence) 

• fish to sustain their families 
• in general are agriculturists 
• fish al! year round 
• canoes and oars 
• located in small caseríos, native communities and in come sma11 centres such as iparía, 

San Alejandro and Esperanza 

F. OrganizatioDs iD the Sector 

(i) MTA (Instituto Veterinario de Investigaciones Tropicales y de Altura): Responsible for 
fishe¡y research 

(H) Provjncial Coneress of Coronel Portillo: Assume control of the market príce for fish. 
Maintain a registry of stored and processed fish. 

(Hi) DIREPE VU-Pucallpa: Representative ofthe Ministry ofFisheríes 

(iv) CORPEU (Corporación de Desarrollo del Departmento de Ucayali): Organization that 
finances projects , supports varlous studies and activities that attempt to diagnose the 
state of the fisheries. Promote aquaculture and support the artisanal fishermen. 

(v) llAP:(Insitituto de Investigaciones de la Amazonia Peruana): Finances research projects 
in different arcas ofthe Peruvian Amazon. 

(vi) Cg,pjtanja de Puerto: Dependent on the Ministry ofMarínes. They register and control the 
unloading of fish at the different ports. 

G. Tbe Main Isslles Facing tbe Fishery Sector in UcayaH 

(i) Lack of information on overall fisheries in Ucayali, unreliable data on exploitation and 
the commercialization ofthe fisheries and poor estimation ofthe potential ofthe 
hydrological resources (Eg. It is estimated that the registration of catches in the ports 
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represents only 400!o of fue actual volume of fish extracted). 

(ii) Fishing activities are very diversified, intensive and fluctuating depending on the cycles 
of the rivers. 

(ni) Inefficient methods of catching, preserving, processing and selling of fish. 

(iv) Inadequate legislatíon and control of fishing. Lack ofhuman resources to enforce fue 
regulations (eg.In areas where fishing is difficult, prohibíted methods such as 
dynamite and toxic chemica1s are frequcntly employed. This is in Atalaya and Padre 
Abad. In addition fuere is a high demand of tortoiselturtle eggs, which are being 
harvested at dangerously high levels. Tbere is as yet no effective protection of!bis 
resource). 

(v) Failure to prlorltize investment in the sector 

(vi) Necessity to increase the production offish during the flooding period, as !bis is when 
supply is at its lowest (Aquaculture is one of the main alternatives ror !bis low 
productivity perlod). 

(vii) Lack of infrastructure for unloading, storing, freezing and distributing the 
resources. In the different stages of processing, transportation sud storage there are few 
measures taken to ensure adequate hygiene and safety ofthe producto 

(viii) Necessity of a management plan to rationally administer the fishery resources in the 
Ucayali. 

(ix) Lack ofknowledge on the complex interactions ofthe many different species within the 
watershed. For example there is tittle knowledge of the state of aquatic mammals and 
fueír ímportance within the ecosystem. 
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