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P R E F A C E  

Al1 ecosystems o f  the  wor ld  are affected by unprecedented human 

disturbance, i n  regard t o  both - the  i n t e n s i t y  and v a r i e t y  o f  impacts. The 

consequence o f  such d is turbance and o f  t he  complexi ty  o f  associated 

i n te rac t  ions i s an i ncreased g loba l  i z a t i  on o f  envi ronmental problems and a  

decrease o f  t h e i  r predi  c tab i  1  i ty .  Thi s  g lobal  i z a t i  on impl i es an en1 argement 

i n  the  s p a t i a l  scale o f  the  d i f f e r e n t  disturbances and a  st rong 

"cont rac t ion"  o f  the  temporal scale, so t h a t  eco log ica l  processes occur 

over a  l a r g e r  space and i n  a  shor ter  t ime. 

Humans have become the main agent o f  change and t h e  main s e l e c t i v e  f o r c e  i n  

evolut ionary terms. I t  i s  no t  the  f i r s t  t ime i n  the  h i s t o r y  o f  mankind t h a t  

the  s p a t i a l  scale o f  impacts has ab rup t l y  increased, and the  scale o f  t ime 

has r a p i d l y  decreased. This was the  case, f o r  instance, a t  the  t ime o f  t he  

great  d iscover ies (about 1500 A.D. ) ,  o r  du r ing  the  i n d u s t r i a l  revo lu t i on ,  

when simi l a r  impacts were simul taneously ac t i ng  on the  d iverse  ecosystems 

o f  the  biogeographical realms o f  the  world. 

Never i n  the  past, however, has the  eco log ica l  g l o b a l i z a t i o n  been so 

pervasive as aé present. The p r i n c i p a l  g loba l  d r i v i n g  forces are o f  an 

economic nature: t he  i nterdependence o f  economies (wor l  d market p r i  ce 

systems) a l  1 over t t ie world. This i nterdependence, un for tunate ly ,  does not  

der ive from an es tab l ished cooperat ion between and among count r ies  i n  

d i f f e r e n t  pa r t s  o f  the  world, bu t  r a t h e r  because o f  c o n f l i c t i n g  econonic 

i n t e r e s t s  w i t h i n  and between countr ies.  

The newly emerging economic c o n f l  i c t s ,  resu l  t i  ng from d i f f e r e n t  

geopol i t i c a l  conf igura t ions ,  o r  from the st rong d i  sorder i n  the  currenci  es 

exchange (e.g., the  U.S.. d o l l a r  f l u c t u a t i o n s ) ,  make i t  more and more 

d i f f i c u l t  t o  p r e d i c t  poss ib le  t rends o f  eco log ica l  impacts. Pressure on 

given resources can s h i f t  suddenly from one reg ion t o  another according t o  



global market i ncen-ti ves and requi rements , the rel ati ve weakness of the 

local currency, and changing labor costs. Many "surprise" effects have 

occurred during the last decade, and nany more are likely to happen in the 
1 near future (see Svedin and Aniansson 1987) . 

Such global i zati on of dri vi ng forces and i nterconnecti vi ty of economi es 

does not mean that ecological impacts and responses are the same every- 

where. It only means that local phenomena are increasingly determined by 

complex global interactions and not necessarily by locally-based decisions. 

For instance, countries of the European Community may be inclined to 

decrease thei r pressure and i nterest on agricul tural 1 ands, because of 

their already enormous food excedents (and the high cost of production and 

storage). Conversely, many developing countries may be obliged, at the same 

tine, to further impact their fragile ecosystems and increase their 

production at the limit of ecological irreversibility in an attempt to 

overcome their huge and evergrowing international debts (and to try to 

ensure the basic needs of food and alimentation to their populations). 

Therefore, as a consequence of this interlinked web of conflicting economic 

interests at different levels, one can see in some countries a progressive 

regeneration of natural vegetation, because of a partial abandonment of 

agricultural lands. Conversely, in other countries large forested areas are 

bei ng fragmented to faci 1 i tate agricul tural colonization, or 

already-cleared areas are being further exploited up to their 

deserti fication. Furthermore, the si te of agricul tural uni ts tends to 

become larger, through the elimination of hedges, fences and "bocage", in 

order to facilitate the agricultural mechanization and to lower use of 

manpower and production costs. 

Svedin, V. and B. Aniansson, ëditors. 1987. Surprising futures. Swedish 

Counci 1 for Pl anni ng and Coordination of Research, Stockholn~, Sweden. 

128 p. 



Landscapes of t he  wor ld are the re fo re  changing.as regards t h e i r  expansion, 

contract ion,  and fragmentat ion. Managi ng these newly and r a p i  d l y  changi ng 

environments impl i e s  an understandi ng o f  t h e  most s e n s i t i v e  p a r t s  o f  

landscape i n t e r a c t i o n s :  t h e  boundaries t h a t  are being shaped and reshaped 

a o s t l y  by human ac t ion .  

I n  a d d i t i o n  t o  t h i s  widening c r i s i s  o f  g l o b a l i z a t i o n  due t o  a la rge-sca le  

interdependence between g loba l  economy and t h e  wor l  d envi  ronment, t he re  i s 

another impendi ng g loba l  c r i  s i s :  g loba l  c l  imate change. T.he i n t r i c a t e  con- 

f r o n t a t i o n  o f  va r i ed  human impacts, a t  d i f f e r e n t  scales o f  space and t i n e ,  

i s  lead ing  t o  a phenomenon which i s  unique i n  t h e  h i s t o r y  o f  mankind, t h a t  

o f  t he  man-induced b iospher ic  change o f  c l i m a t e  (Malone and Roederer 

1985)'. This  change i s  expected t o  produce a warming o f  t he  p lanet  i n  a few 

decades. The increase o f  temperature i s  l i k e l y  t o  be uneven from one t o  

another eco log ica l  zone, and be concomitant w i t h  d iverse  changes i n  r u n - o f f  

and evapotranspi rat ion.  The increased frequency o f  extreme events t h a t  w i l l  

CO-occur w i t h  e a r l y  c l i m a t i c  change, and i s  l i k e l y  t o  have greater  impact 
3 on eco log ica l  and socio-economic f a c t o r s  (Wigley 1985) , w i  11 f u r t h e r  

increase the  complexi ty  and u n p r e d i c t a b i l i t y  o f  t h i s  process o f  change. 

Undoubtedly, these successive waves o f  g loba l  i z a t i  on . w i  11 produce repeated 

modi f icat ions o f  t h e  shape o f  landscapes. Ac t ing  on populat ions and 

ecosystems a l ready under s t ress  because o f  human act ion,  these waves w i l l  

increase t h e  r i  sk o f  speci es e x t i n c t i o n ,  and r e s t r u c t u r e  the  con f i gu ra t i ons  

o f  t he  boundaries between ecosystems. These events concern no t  on l y  

t e r r e s t r i  a l  ecosystems, b u t  a l  so -because o f  changi ng r u n - o f f  and r a i  s i  ng 

o f  sea l e v e l -  t h e  i n t e r a c t i o n s ?  between t e r r e s t r i  a l  and r i  v e r i  ne o r  coasta l  

ecosystems. 

Malone, T. F. and J. G. Roedere, e d i t o r s .  1985. Global Change. ICSU Press 

and Cambridge U n i v e r s i t y  Press, Cambridge, UK, 512 p. 

Wigley, T. M. L. 1985. Impact o f  extreme events. Nature, 316: 106-107. 



" I n t e r a c t i o n  i s  t he  i n t r i n s i c "  (see d i  Cast r i  197614, and most i n t e r a c t i o n s  

between the  var ious components o f  the  landscape w i l l  occur i n  the  

boundaries, usua l l y  c a l l e d  "ecotones". Wi th in  t h i s  context  o f  successive 

g loba l  c r i ses ,  the  no t i on  o f  ecotone i s  l i k e l y  t o  become a core concept -as 

regards both theory and p rac t i ce -  f o r  e a r l y  monitor ing, understanding and 

managing t h i s  change. 

As de f ined by the  members o f  a working group which met i n  Par is  i n  e a r l y  

January 1987, and was cha i red  by the  senior  edi  t o r  o f  t h i s  specia l  i ssue o f  

Bio logy In te rna t i ona l ,  the  ecotone i s  a: 

"Zone of transition between adjacent ecoZogicaL systems, 

having a set of characteristics uniquely defined by space 

and t h e  scates, and by the strength of the interactions 

between adjacent eco LogicaZ s ystems. " 

(see Holland, t h i s  i ssue)  

This  d e f i  n i  t i o n  f i  t s  w e l l  w i  t h i  n t he  context  o f  human-made al t e r a t i o n s  o f  

s p a t i a l  and temporal scales, as i l l u s t r a t e d  by the  statements above. It 

a l so  puts a proper emphasis on i n t e r a c t i o n s  f o r  measuring t h e  connec t i v i t y  

o f  the  system. Such a system can be envisaged a t  any h i e r a r c h i c a l  l e v e l  

f rom populat ions t o  the  biosphere, a t  any space from a few cent imeters t o  

thousands o f  k i lometers,  according t o  the  scale o f  a g iven disturbance, bu t  

a lso  f o l l o w i n g  the  perspect ive o f  t he  research worker, t he  working 

hypothesis and the  problem t o  be tackled. 

Accordingly,  t he  concept o f  ecotone, as app l ied  i n  the  d i f f e r e n t  a r t i c l e s  

o f  t h i  s specia l  issue, i S. w e l l  i n  agreement w i t h  the  present mu1 ti -scale 

d i  Cas t r i ,  F. 1976. I n t e r n a t i o n a l ,  i n t e r d i s c i p l i n a r y  research i n  ecology: 

Some problems o f  o rgan iza t ion  and execution. The case o f  t he  Man and 

the  Biosphere (MAB) Programme. Human Ecology 4: 235-246. 



approach of ecology ( d i  C a s t r i  1987)" which overcomes t he  t r a d i  t i o n a l  

sp l i t -down between popu la t ion ,  communi t y  and ecosystem ecology, between 

reduc t i on i  sm and ho1 i sm, e t c .  

Again w i t h i n  t h e  present  con tex t ,  one o f  t h e  main shortcomings f o r  t a c k l i n g  

envi ronmental p rob l  ems, especi  a l  l y  those o c c u r r i  ng a t  a  very  r a p i  d Pace o f  

change, i s t h e  i n s t i  t u t i o n a l  d iso rder .  I n s t i t u t i o n s  deal  i n g  w i  t h  t he  

environment, bo th  a t  t h e  n a t i o n a l  and i n t e r n a t i o n a l  l e v e l  s  ( d i  C a s t r i  

198516, a re  t o o  o f t e n  i n v o l v e d  i n  s t e r i l e  compe t i t i on  and f i g h t s  o f  

i n t e r e s t .  Thi  s  undermi nes t h e  oveval  1  conceptual  and ope ra t i ona l  

understanding o f  t h e  env i  ronment as a whol e. 

I n  the  developments l ead ing  t o  t h e  launch ing  o f  these p r o j e c t s  on ecotones, 

i t  has been t r i e d ,  as much as poss ib le ,  n o t  t o  be "contaminatedu by t he  

" i n s t i  t u t i o n a l  - f i g h t  syndrome" and t o  i nvolve, f rom t h e  very  beginn ing and 

w i  t h  a  shared responsi  b i  1  i t y ,  t h e  main o rgan i  z a t i  ons concerned. Th is  was 

a l  so done i n o rde r  t o  decrease o v e r l  ap and i ncrease i n t e r a c t i o n  between 

i n s t i t u t i o n s .  

The two main i n s t i t u t i o n s  i n v o l v e d  i n  t h e  p repa ra t i on  o f  t h i s  i s sue  have 

been SCOPE ( S c i e n t i f  i c  Commi t t e e  on Probl  ems o f  t h e  Envi ronment 1, be l  ongi ng 

t o  t he  ICSU fam i l y ,  and t h e  Man and t h e  Biosphere (MAB) Programme o f  

Unesco. Both SCOPE and MAB emerged i n  t h e  l a t e  1960s and e a r l y  1970s, 

d i  Cas t r i ,  F. 1987. Towards a common 1 anguage f rom molecul  a r  b i o l o g y  t o  

b iospher ic  ecology? B i  o logy  I n t e r n a t i o n a l ,  Specia l  I ssue  15: 3-9. 

d i  Cas t r i ,  F. 1985. Twenty years o f  i n t e r n a t i o n a l  programmes on 

ecosystems and t h e  b i  osphere. An o v e r v i  ew o f  achi  evements, 

shortcomings and p o s s i b l e  new perspect ives.  Pages 314-331 - i n  T. F. 

Malone and J. G. Roederer, e d i t o r s .  Global  Change. ICSU Press and 

Cambridge U n i v e r s i t y  Press, Cambridge, UK: 314-331. 



before the  ho ld ing  of t h e  Uni ted Nations Stockholm Conference .on the  Human 

Environment i n  June 1972. SCOPE and MA8 evolved from an e a r l y  phase o f  

l a t e n t  competi t ion, through a  r a t h e r  long phase o f  mutual ignorance ( w i t h  

some rewarding examples o f  a c t i v e  cooperat ion)  , towards t h e  present phase, 

when the  p o s s i b i l i t y  o f  being complementary i n  many issues appears more and 

more ev i  dent. 

As a  mat ter  o f  f a c t ,  SCOPE and MAB do no t  share the  same "eco log ica l  

niche". The MAB Programme i s  p a r t  o f  Unesco's a c t i v i t i e s .  It i s  therefore.  

an intergovernmental programme; i t s  "p ro jec ts "  are opera t iona l  research 

a c t i v i t i e s  i n  t he  f i e l d ,  and attempt t o  have a  nanager ia l  ob jec t i ve .  On the  

other  hand, SCOPE i s  non-governmental i n  nature; i t s  "p ro jec ts "  have as a  

main o b j e c t i v e  t h e  prepara t ion  o f  state-of-knowledge syntheses on c r i  t i c a l  

environmental issues. 

It i s  t r u e  t h a t  separat ion cannot be so sharp. A research p r o j e c t  i n  t he  

f i e l d  should have a  phase o f  p re l im ina ry  synthesis  o f  t h e  e x i s t i n g  

knowledge. Conversely, a  synthesi's r e p o r t  which underl'ines gaps o f  

knowledge, can almost spontaneously be an ' i ncen t i ve  f o r  t h e  launching o f  

research t o  f i l 1  these gaps. Therefore, t he re  i s  ample room f o r  

complementarity between MAB and SCOPE p ro jec ts .  Some thematic over lap i s  

even des i rab le  i n  t h i  s  respect.  

I n  add i t ion ,  both SCOPE and MAS may prov ide  use fu l  i npu ts  and background 

i n f o r n a t i  on f o r  t he  newly 1 aunched I n t e r n a t i o n a l  Geosphere-Biosphere ( IGBP) 

"Global Change" Programme (ICSU 198617. Landscape boundaries can be 

considered as e a r l y  i n d i c a t o r s  o f  c l i m a t i c  change. It i s  ev ident  t h a t  SCOPE 

and MAB do no t  have t h e  s e r v i c i n g  o f  IGBP as t h e i r  p r i n c i p a l  aim. Rather, 

ICSU. 1986. The I n t e r n a t i o n a l  Geosphere-Bi osphere Programme. A study o f  

g loba l  change. I n t e r n a t i o n a l  Co.unci 1 o f  S c i e n t i f i c  Unions, Par is ,  

France. 



by pursuing t h e i r  t r a d i t i o n a l  ro le ,  they can b e  important  p i l l a r s  i n  the 

construct ion of t he  so complex machinery o f  IGBP. Furthermore, -and t h i s  i s  

p a r t i c u l a r l y  t r u e  f o r  SCOPE given i t s  very l i g h t  and f l e x i b l e  

organizat ional  s t ruc tu re -  the  investrhents s t r i c t l y  focus on s c i e n t i f i c  

outputs. The main concerna 4 s  on qua1 i t y  con t ro l  , and t h i  s can favor  the 

" s c i e n t i f  i c  more than i n s t i  tut ional."  and "bottom-up" ap.proach advocated by 
8 d i  Castr i  ( 1 9 8 5 ) ~  and Schneider (1987) f o r  itnplementi ng i n t e r n a t i o n a l  

programmes 1 i ke IGBP. 

The i nvolvement o f  t he  I n t e r n a t i o n a l  Uni on o f  B i  01 og ica l  Sciences ( IUBS) 

should a lso  be mentioned, as a  good example o f  i n t e r - i n s t i t u t i o n a l  

cooperation. The Sec re ta r ia t  o f  IUBS p a r t i c i p a t e d  i n  a l  1  these a c t i v i  t i e s  

and made important conceptual con t r i bu t i ons .  This c lose  cooperat ion has 

been c r y s t a l l i z e d  I n  a t a n g i b l e  way through t h e  p u b l i c a t i o n  o f  t h i s  specia l  

issue o f  t he  IUBS Journal, B io logy  In te rna t iona l .  

A f te r  an i n t roduc t ion ,  where an attempt i s  made t o  g i ve  some t h e o r e t i c a l  

backing t o  the  concept o f  ecotone, t h e  r e s u l t s  o f  t h e  j o i n t  techn ica l  

consu l ta t ion  o f  SCOPE and MAB, h e l d  i n  Paris,  France, i n  January 1987, are 

presented, and a general framework f o r  t h e  two emergi ng i n t e r n a t i o n a l  

p ro jec ts  i s  set-up. The next a r t i c l e  describes the  MAB p r o j e c t  more i n  

de ta i l ,  as i-t was envisioned a t  a  p lanning meeting o f  the  MAB S c i e n t i f i c  

Advisory Group i n  Toulouse, France, w i t h  specia l  emphasis g iven t o  

land-inland water boundaries. The f i n a l  a r t i c l e  under l ines the  main 

elements o f  t he  SCOPE pro jec t ,  as e laborated i n  the  meeting o f  t he  SCOPE 

S c i e n t i f i c  Advisory Cornmittee (SAC) on Ecotones t h a t  met i n  Laxenburg, 

Austria, and was organi zed i n  cooperat ion w i  t h  IIASA ( I n te rna t iona l  

I n s t i  t u t e  o f  Appl i e d  Systems Analysi  s) . 

a Schneider, S. H. 1987. An i n t e r n a t i o n a l  program on "Global Change": can 

i t  endure? - An e d i t o r i a l .  C l ima t i c  Change 90: 211-218. 
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ECOTONES: WHAT AND WHY ? 

Andrew J. Hansen and Francesca d i  Cas t r i  

Centre Louis Emberger, C. N. R. S. , B. P. 5051, 34033 Montpellier Cedex, France 

and 

Robert J. Naiman 

Center for Water and the Environment, NaturaZ Resources Research Institute, 

University of Minnesota, Duluth, MN 55811, USA 

Abstract. The ecotone concept i s  widely recognized by eco log is ts  bu t  theory 

on ecotones remai ns underdevel oped. Tradi  ti onal l y ,  ecotone i s def i ned  as a 

t r a n s i t i o n  zone between p l  ant  communi ti es. Recent research on 1 andscape 

boundaries, however, suggests t h a t  a broadening o f  the ecotone concept i s  

desirable. I n  t h i s  paper, we draw on patch dynamics theory and h ierarchy 

theory t o  o f f e r  a r a t i o n a l e  f o r  applying the  ecotone concept t o  ecological  

systems o f  many types and spat ia l / temporal  scales. We then explore 

questions on the  r o l e  o f  ecotones i n  landscapes inc lud ing:  ( 1 )  To what 

extent do ecotones in f l uence  the  f l ow  o f  energy, materi  a l  s, and organisms 

across 1 andscapes?; (2) Do unique pat te rns  o f  b i o d i  ve rs i  t y  occur i n  

ecotones?; and ( 3 )  How should ecotones be managed t o  mainta in o r  produce 

desi rable landscape pat te rns? We conclude t h a t  add i t i ona l  research on these 

topics holds promise f o r  advancing eco log ica l  theory and improvi ng 

1 andscape management. Studi es on ecol ogi  c a l  boundari es are especi a l  l y  

important now because humankind i s  having an unprecedent impact on 

t e r r e s t r i a l ,  aquatic, and marine systems. The chal lenge t o  managers i s  t o  

harness the  human a b i l i t y  t o  d i s t u r b  eco log ica l  systems i n  order t o  

optimize landscape charac te r i s t i cs .  

Present address: Department of Forest Science, Oregon State University, 

Corval lis, Oregon 9 7331 USA 



INTRODUCTION 

The ecotone concept ha5 a long h i s t o r y  i n  ecology. Some o f  t h e  i n i t i a l  

s tudies i n  p l a n t  ecology were on the  t r a n s i t i o n  zones between adjacent 

communi t i e s  (Clements 1897, L i v ings ton  1903, Griggs 1914). Ecotone i s  

der ived from the greek r o o t s  "o ikos"  (household) and "tonos" ( tens ion) ,  and 

Clements (1905) described an ecot0n.e as a tens ion zone where p r i n c i p a l  

species from adjacent communi t i e s  meet t h e i r  l i m i  t s .  The observat ion t h a t  

some ecotones are r e l  a t i v e l y  r i c h  i n  species, con ta in ing  representa t ives  

from each contiguous communi t y  as w e l l  as edge specia l  i s t s  (She l fo rd  19131, 

become known as the  "edge e f f e c t "  (Leopold 1933). Over the  years the  

ecotone concept has become entrenched i n  ecology, and v i r t u a l l y  a l 1  

i n t roduc to ry  t e x t s  o f f e r  some treatment o f  t he  t o p i c  (e.g. Weaver and 

Clements 1928, Daubenmire 1968, Odum 1971). 

Despite t h i s  wide recogn i t i on  o f  ecotones, a r i go rous  t h e o r e t i c a l  

examination o f  the  concept has general l y  gone wanting (bu t  see van Leeuwen 

1966, Daubennire 1968, van der Maarel 1976). Many eco log is t s  chose t o  avoid 

the  compl ex i  t i  es o f  patch edges o r  i n t e r a c t i  ons between patches and worked 

i n  the  centers o f  r e l a t i v e l y  homogeneous systems. The In te rna t iona l  

B i o l o g i c a l  Programme, f o r  example, conducted studies w i t h i n ,  r a t h e r  than i n  

the  j u n c t i o n  between, biomes (e.g., Le Cren and Lowe-McConnel 1980). This 

approach has been reasonably successful and much has been learned about how 

events w i  t h i  n an eco log ica l  system inf luence t h e  s t r u c t u r e  and func t i on ing  

3f t h a t  system. 

Many ecol ogi  s ts ,  however, now recogni ze t h a t  ecol og ica l  systems are o f t e n  

heterogeneous and conposed o f  components o f  d i f f e r i n g  s t r u c t u r e  and 

dynamics ( P i c k e t t  and White 1985). C o l l e c t i v e l y ,  t h e  dynamics o f  these 

components o r  patches s t rong ly  i n f l uence  the  c h a r a c t e r i s t i c s  o f  t h e  systems 

they comprise (Shugart 1984). This patch dynamics paradigm o f f e r s  a st rong 

t h e o r e t i c a l  framework f o r  s tudying ecotones. Ecotones represent the  

t r a n s i t i o n  zones between patches and as such, they can be def ined and 

c l a s s i f i e d  r e l a t i v e  t o  the  types and scales o f  patches they separate. Also, 



the dynamics of ecotones across space and through t ime can best be examined 

w i t h i n  the  context  of patch dynamics. Conversely, patch theory w i l l  b e n e f i t  

from considerat ion of landscape boundaries. Ecotones may s t rong ly  i n f l uence  

in te rac t ions  between patches and u l t i m a t e l y  a f f e c t  landscape-level behavior 

(Wiens e t  a l .  1985, Johnston and Naiman 1987). Moreover, ecotones may 

a f f e c t  l oca l  and reg iona l  b i  o t i c  d i v e r s i  t y  because they p rov i  de uni que ha- 

b i t a t s ,  favorable f o r  some species bu t  i nhosp i tab le  t o  others (Noss 1983). 

I n  t h l s  paper we draw on patch dynamics theory and h ie rarchy  theory t a  

o f f e r  a r a t i o n a l e  f o r  broadening the  ecotone concept f o r  a p p l i c a t i o n  t o  

ecological systems o f  many types and spat ia l / temporal  scales. The r o l e  o f  

ecotones i n  landscapes i s  then considered. We review the  developnents 

i nd ica t i  ng t h a t  i n t e r a c t i o n s  between 1 andscape e l  ements s t rong ly  i n f  1 uence 

1 andscape dynamics and consi der t he  ex ten t  t o  whi ch ecotones modi f y  these 

in te rac t ions  by c o n t r o l l i n g  the  f lows o f  energy, mater i  a l  s, and organisms 

between 1 andscape elements. Next, pa t te rns  o f  b i  od i  ve rs i  t y  i n ecotones are 

explored. F i  na1 l y ,  we descr i  be the  acce le ra t i  ng r a t e  a t  which human 

a c t i v i  t i e s  are a l  t e r i n g  t h e  boundary s t r u c t u r e  o f  t e r r e s t r i  a l  and aquat ic  

systems and suggest t h a t  cons idera t ion  o f  boundary dynamics i s  important  i n  

landscape management. 

AN EXPANDED VIEN OF ECOTONES 

Tradi t i o n a l  l y ,  "ecotone" has been used t o  denote an i nte rsec t i on  between 

p lan t  communities where the re  i s  a r e l a t i v e l y  abrupt change i n  vegetat ion 

s t ruc ture  or composit ion ( Daubenmire 1968, Odum 1971 1. The term i s most 

frequentl y appl i ed t o  t r a n s i t i o n  zones o f  i ntermedi a te  spat i  a l  scal e (1  0 ' s  

m t o  100's m) such as those between woodlots and f i e l d s  (e.g. Gates and 

Gysel 1978, H e l l e  and H e l l e  1982, Kroodsma 1982) o r  between sharply  def ined 

biomes (Carpenter 1935, C u r t i s  1959). Some eco log i s t s  now see advantages i n  

applying the  concept more widely,  t o  t r a n s i t i o n s  between ecol og i ca l  systems 

o f  diverse types and s p a t i a l  scales (e.g., t h e  SCOPE/MAB Working Group on 

Ecotones. See Ho1 1 and, t h i  s i ssue) . Thi s i n t e r e s t  i n  en1 a r g i  ng the  concept 

i s  l a rge l y  a r e s u l t  o f  recent  developments i n  the  patch dynamics paradigrn. 



Patch Dynamics 

Ecologists have long recognized t h a t  most ecol'ogical systems are composed 

o f  several d i  s t i  n c t  components and are., thus, heterogeneous. Watt (1  947), 

f o r  example, observed t h a t  d i  sturbance and. i n t e r n a l  b i o t i c  processes cause 

vegetat ion i n  a fo.rest t o  be patchy, w i t h  tree-fa11 gaps conta in ing  e a r l y  

successional species i nterspersed w i  t h  patches o f  o lder  vegetation. Thi s  

l e d  Watt t o  view a landscape as a dynamic mosaic o f  patches o f  d i f f e r i n g  

ages, compositions, and st ructures.  Thi s  patch dynamics mode1 has been 

wide ly  embraced by ecol ogi s t s  and appl i e d  t o  genetic,  populat ion, and 

landscape l e v e l  problems i n  both t e r r e s t r i a l  and aquatic systems (see 

P i c k e t t  and White 1985). 

Patcnes rnay be d e l i n i a t e d  by a v a r i e t y  o f  c r i t e r i a  (Forman and Godron 

1986). Most simply, they are areas w i t h  greater  s i m i l a r i t y  i n  some 

a t t r i  bute (e.  g. gene frequency, species composition, s t ructure,  resource 

d i s t r i b u t i o n )  than t h e  system as a whole. The term impl ies  a r e l a t i v e l y  

d i s c r e t e  s p a t i a l  pa t te rn ,  b u t  does no t  es tab l i sh  any cons t ra in t  on patch 

s i  ze, i n t e r n a l  homogeneity, o r  discreteness ( P i c k e t t  and White 1985). 

"Patch dynamics" emphasizes t h a t  patches are ephemeral , mainta in ing a 

s p e c i f i c  set  o f  c h a r a c t e r i s t i c s  f o r  on ly  some f i n i t e  per iod  o f  time. 

Patches may a r i s e  o r  disappear as a r e s u l t  o f  agents o f  change inc lud ing 

d i  screte per turbat ions  (e.g. f i r e ,  f r o s t ,  herbi  vory, earthquakes) and 

environmental f l u c t u a t i o n s  (e.g. c l imate  cycles)  (Delcourt  e t  a l .  1983, 

Hansen and Walker 1985). They may a lso  be a product o f  i n t e r n a l  b i o t i c  

processes such as growth o r  senescence (Watt 1947, Urban e t  a l .  1987). 

Because such events are common i n  ecological  systems, the s p a t i a l  

pa t te rn ing  o f  most landscapes i s  dynamic through time. 

One reason why t h i s  paradigm i s  popular i s  t h a t  i t  i s  robust  r e l a t i v e  t o  

temporal and s p a t i a l  scale. It has been employed i n  studies of ,  f o r  

example, p l a n t  micros i  t e s  (Whi t t a k e r  and Levi  n 19771, badger mounds (P l  a t t  

1975), t ree- fa11 gaps (Shugart 1984), r i v e r s  (Naiman e t  a l .  1988a) and 

regional  vegetat ion pat te rns  (Har r i s  1984). Delcourt  e t  a l .  -( 1983) 



synthesized informat ion from many such studies and depicted the  

re lat ionships between per turbat ion,  b i o t i c  response, and b i o t i c  pa t te rn ing  

across a spectrum o f  time/space scales ranging from square meters and 

seconds t o  cont inents and m i l l i o n s  of years (See Figure 1 i n  Ho11 and, t h i s  

issue) H cur rent  view i s  t h a t  landscape i s  a h ie ra rch ica l  mosaic composed 

of paiches o f  various temporal and s p a t i a l  dornains t h a t  over lay  one another 

(Hansen and Walker 1985, Urban e t  a l .  1987) (F igure  1 ) .  

Ecotones as Boundaries Between Patches 

The ecotone concept i s  c lose ly  a l igned w i t h  the  patch dynamics paradigm i n  

tha t  an ecotone can be thought of sirnply as a t r a n s i t i o n  zone between 

adjacent patches. It i s  l o g i c a l  t o  expand the  ecotone concept from i t s  

t r a d i t i o n a l  form f o r  app l i ca t i on  towards patches o f  any type o r  s p a t i a l  

scale. Accordingly, ecotone has been def ined i n  1987 by the  SCOPE/MAB 

working group as a: 

Zone of t ransi t ion between adjacent ecotogicaZ systems, having 

a set  of characterist ics uniquety defined by  space and t h e  

scates and by the strength of the  interactions between adjacent 

ecological s ystems f Hot land, t h i s  i s sue) .  

The usage o f  "ecological  system" here i s  analogous t o  t h a t  o f  "patch" 

above. Thus, ecotones may be between eco log ica l  systems o f  d i f f e r i n g  types 

and scales such as demes, populat ions, ecosystems, b i  ornes, e t c .  (Ho1 1 and, 

t h i s  issue). The reference t o  "s t rength  of t he  i n te rac t i ons "  stresses t h a t  

ecotones are s i t e s  o f  exchanges o f  energy, mater ia l  s, and organisms between 

patches. Recognition o f  the  importance o f  i n te rpa tch  f lows and the  r o l e  o f  

ecotones i n  i n f  luencing these f lows may considerably improve the  predi  c t i  ve 

capab i l i t y  o f  the  patch dynamics model. This t o p i c  i s  examined l a t e r  i n  the  

section on ecological  f lows. 

rit present we are aware o f  no compel l ing arguments f o r  d i f f e r e n t i a t i n g  

between the  terms "ecotone", "landscape boundary" and " t r a n s i t i o n  zone". We 



F i g u r e  1. A landscape as a i o s a i c  o f  patches o f  d i f f e r i n g  sca le  t h a t  over lay one 

another. This hypo the t i ca l  landscape i s  composed o f  th ree major patches (e.g., 

s o i l  types) ( d e l i n i a t e d  by heavy l ines) .  One o f  these contains th ree  ieso-scale 

patches (medium l ines) .  Several s i a l l  patches l i e  on one o f  the  ieso-scale patches 

(e.g., s o i l  turnover by i a i i a l s )  ( f i n e  l ines) .  F r a i  Hansen and Yalker (1985). 



use them here as synonyms. Regardless o f  what terminology i s  employed, i t  

i s  important t o  keep i n  mind t h a t  boundaries are i d e n t i f i a b l e  and 

meaningful on ly  r e l a t i v e  t o  spec i f i c  quest ions and s p e c i f i c  po in t s  o f  

reference. What appears as an ecotone a t  one s p a t i a l  sca le  may be seen as a 

co l l ec t i on  o f  patches a t  a. f i n e r  scale. And a s t r u c t u r e  t h a t  represents a 

ba r r i e r  t o  one species may be opt imal h a b i t a t  t o  a second species and serve 

as a c o r r i d o r  f o r  a t h i r d  species. 

Boundary Discreteness 

Transit ion zones between patches i n  nature show a v a r i e t y  o f  forms. A t  a 

speci f ic  scale, some are abrupt d i s j u n c t i o n s  wh i l e  others are broad and 

gentle gradients. A t  what p o i n t  should an ecotone be c a l l e d  an ecoc l i ne  o r  

gradient? More impor tan t ly ,  do eco log ica l  p rope r t i es  d i f f e r  between 

ecotones and ecocl ines? R e l a t i v e l y  few s tud ies  have addressed t h i s  t o p i c .  

Daubenmi r e  ( 1968) recogni zed f o u r  general types o f  boundaries between p l a n t  

communi t i es : 

1. abrupt t r a n s i t i o n s  caused by d i  s c o n t i n u i t i e s  i n  an under ly ing 

environmental gradient ;  

2. gradua1 b lending o f  vegetat ion due t o  smooth environmental gradients; 

3. "mosaic" ecotones where peninsulas and i slands o f  each comnunity extend 

i n t o  the  other ,  probably as a r e s u l t  o f  l o c a l  heterogenei ty  i n  s o i l  o r  

microcl imate; 

4. sharp t r a n s i t i o n s  even on smooth environmental g rad ien ts  due t o  b i o t i c  

i n te rac t i ons  among organisms. 

The f i r s t  t h r e e  are  based on community d i s t r i b u t i o n  being c l o s e l y  r e l a t e d  

t o  c o n t r o l l i n g  f a c t o r s  i n  t h e  environment (e.g. s o i l  moisture) .  Each i s  

then d is t ingu ished by t h e  abruptness and t h e  degree o f  s p a t i a l  

heterogeneity w i t h i n  t h e  ecotone. The f o u r t h  t ype  i s  unique i n  having t h e  

control o f  environmental f a c t o r s  usurped by b i o t i c  i n t e r a c t i o n s  such as 

competi ti on o r  mutual i sm ( see a l  so Armand 1985). 



Daubenmi r e t s  approach was e n r i  ched t h e o r e t i  ca l  l y  by van der Maarel (1 976) 

and e m p i r i c a l l y  by Hobbs (1986). Bu i l d ing  on van Leeuwen's work (19661, van 

der Maarel ( 1976) envi sioned a c o n t i  nuum among hypothet i  ca l  boundari es and 

described f i v e  types along the  continuum based on abruptness o f  t r a n s i t i o n ,  

degree o f  homogeneity w i t h i n  each adjacent patch, and ex tent  o f  d i f f e rence  

between the  patches. He then pred ic ted t h a t  each type has unique b i o t i c  

s t ruc tu re  and unique l e v e l s  o f  species d i v e r s i t y .  

This work i s  important  because i t  r a i s e s  t h e  p o s s i b i l i t y  o f  each ecotone 

type having unique ecol og ica l  p roper t ies .  Hobbs ( 1986) had on ly  1 im i ted  

success i n  conf i rming these p red ic r i ons  w i  t h  f i e l d  data. Nonetheless, t h i  s 

e f f o r t  t o  l i n k  ecotone p a t t e r n  and eco log ica l  p roper t ies  seems a p r o f i t a b l e  

approach. A c l  assi f i c a t i o n  system based on, among o the r  things, r e l a t i v e  

boundary w id th  and heterogenei ty  may be important  f o r  developing theory  on 

ecotones. 

Ecotone Dynamics i n  Space and l i m e  

I t  i s  important  t o  recognize t h a t  ecotones are as ephemeral as the  patches 

they separate. They may appear and disappear a t  one s p e c i f i c  place. For 

example, an ecotone created by a l i g h t n i n g  s t r i k e  i n  a f o r e s t  canopy may 

gradua l ly  disappear as the  f o r e s t  gap i s  f i l l e d  by expansion o f  nearby 

canopy t rees  .. A l  t e r n a t i  vely, ecotones may move across a 1 andscape. Waves o f  

e a r l y  successi onal vegeta t i  on are known t o  move across some coni  f erous 

f o r e s t s  (Sprugel 1976) and some deserts (Boaler and Hodge 1962, Cornet e t  

a l .  1987). Clear ly ,  a l  1 patches and ecotones a re  dynamic a t  some temporal 

scale. The motion o f  regenerat ion waves i n  f ir (Abies) f o r e s t s  i s  v i s i b l e  

over tens o f  years (Sprugel 1976). The responses of f o r e s t  boundaries t o  

g l a c i a l  cyc les  i s  measured i n  thousands o f  years (Delcourt  and Delcourt  

1987) (F igure  2 ) .  The boundari es between t e c t o n i  c p la tes  f 1 uctuate over 

tens o f  m i l l i o n s  o f  years. 

The concept o f  t r a n s i t i o n  zones between patches t h a t  are s p a t i a l l y  

juxtaposed may be equa l l y  app l icab le  t o  d i s c o n t i n u i t i e s  i n  t h e  s t a t e  o f  m e  
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t i g u r e  2. Late-Quaternary t r e e  species dominance curves (upper panel) and 

l a t i t u d i n a l  gradients i n  beta d i v e r s i t y  (expressed as standard deviat ion) along a 

north/south t ransect  a t  850 u long. i n  eastern North America at: a) 20,000 years 

B.P.; b) 16,000 years 8.P.; c) 12,000 years B.P.; d) 8,000 years 8.P.: e) 4.000 

years B.P.: f) 500 years B.P. The grad ient  i s  bounded by the 6 u l f  o f  Mexico t o  the 

south t o  the no r th  by tundra. g l a c i a l  ice, p r o g l a c i a l  lakes, o r  Hudson Bay. Tree 

doiinance values are der ived from p o l l e n  saiples. Ecotones (black segments) are 

areas o f  h igh beta  d i v e r s i t y  as de te r i i na ted  by Detrendcd Correspondence Analysis. 

Wodified from Delcourt  and Oelcourt (1987). 



patch over t ime. Armand (1985) suggested, f o r  example, t h a t  a t i m b e r l i n e  

t r a n s i t i o n  zone i s  a s p a t i a l  analogue o f  vegetat ion change over t ime a t  a 

f i x e d  l oca t i on .  A r i c h  t h e o r e t i c a l  l i t e r a t u r e  e x i s t s  on th resho lds  i n  

eco log ica l  system dynamics where a 'mi nor pe r tu rba t i on  may push a r e l  a t i  ve l y  

s t a b l e  system t o  a new and very d i f f e r e n t  s t a t e  (May 1973, Walker e t  a l .  

1981 ) . E x p l o r i  ng t h i  s  concept. o f  "ecotones i n  t ime" seems especi a l  l y  

important  now when human-induced c l i m a t e  change may cause r a p i d  a l t e r a t i o n  

o f  many components o f  t he  biosphere (Dyer e t  a l .  1988). 

Surf i c i  a l  Ecotones 

Ecotones are t y p i c a l  l y  envi  sioned as occur i  ng perpendicul a r  t o  t he  

h o r i z o n t a l  plane, separa t i  ng patches posi  t i oned  on the  so i  1 surface. Many 

landscape elements, however, are vo l  umetr ic  and have s u r f  i c i  a l  boundaries 

w i t h  upper and lower s t r a t a  as w e l l  as l a t e r a l  boundaries w i t h  adjacent 

patches w i t h i n  t h e  same st ratum (F igure  5)  (Johnston and Naiman 1987). The 

concept o f  vo lumet r ic  patches o r  "patch bodies" i s p a r t i c u l  a r l y  app l i cab le  

t o  eco log ica l  systems w i t h  pronuunced v e r t i c a l  s t r u c t u r e  such as s o i l ,  

aquat ic,  and f o r e s t  systems. The dynamics o f  such systems may be s t rong ly  

in f luenced by t h e  c h a r a c t e r i s t i c s  o f  both the  l a t e r a l  and s u r f i c i a l  

boundaries o r  ecotones. 

Examples o f  Ecotones 

A few emp i r i ca l  examples w i l l  serve t o  i l l u s t r a t e  ecotones o f  d i f f e r e n t  

types and scales. F igu re  2 shows an ecotone between two major f o r e s t  types 

l y i n g  along a nor th/south t ransec t  from the  Gu l f  o f  Mexico t o  Hudson Bay i n  

eas tern  North America 16,000 years B.P. (De lcour t  and Delcour t  1987). The 

ecotone i s  de f ined by a r e l a t i v e l y  abrupt change i n  t r e e  species 

composit ion t h a t  spans approximately two degrees o f  l a t i t u d e  ( = 222 km). 

A r e l  a t i  v e l y  small -sca le  ecotone between shrubl and and grass l  and i s 

dep ic ted  i n  F igu re  3. This  ecotone i s  d e l i n i a t e d  by a r e l a t i v e l y  abrupt 

change i n  vegeta t ive  s t r u c t u r e  over a d i  stance o f  approximately 55 m. 
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F i g u r e  3. Percent shrub cover (vertical lines) across a coastal sage 

scrub/grassland ecotone on Santa Cruz Island. California. The transition zone mas 

identified by the classification procedure TYIISPAI. The horizontal dashed line 

denotes elevation. Hodified froi Hobbs (1986). 



The ecotone concept can also be applied t o  transition zones between 
populations with differing genetic structures. Figure 4 shows the 
f requenci es of three d i  f ferent gene arrangements i n Drosophi 1 a 
pseudoobscura a long  an east/west transect in the southwestern United States 
(Dobzhansky e t  a l .  1977). The gradients of the chromosome frequencies are 
steep between coastal California and the arid intermountain zone and 

between the Rocky Mountains and Texas. These ecotones or "genotones" (C. 

Gliddon and P. Gouyon, persona1 communication) may serve as a basis for 
designating boundaries between races. 

The Next Step 

If the ecotone concept as defined by Clements (1905) was useful in 
understandi ng the di s t r i  buti on of p l  a n t  communi t i es  i n the early years of 
modern ecology, an expanded view of ecotones may enhance Our understanding 
of ecological systems in the future. The concept may be applicable a t  a 
variety of spatial s'cales, to many types of ecological systems, to both 
lateral and surficial boundaries, and t o  discontinuities in time. A 

rigorous expansion of the concept requires .the development and testing of 
forma1 research hypotheses. 

WHY STUOY ECOTONES ? 

What i s  to be gained by expanding the ecotone concept ? More generally, why 
study ecotones a t  al1 ? There are many answers t h a t  could be offered here 
(See other papers, this  issue). We wi 11 examine three topics that are, in 
Our opinion, among the most important reasons for further study on 
1 andscape boundari es. These are: ( 1 patch boundari es may i nf 1 uence 
ecological flows between patches; (2) unique patterns of biodiversi ty may 
occur in ecotones; and ( 3 )  human ki nd i s substanti a l  ly al tering 1 andscape 
boundary patterns without knowledge of the consequences. Our goal here i s  
to focus attention on hypotheses and encourage further research, not t a  
off er answers. 



In E c o t o n e s  f 

Fi.gure 4. Frequencies o f  three gene arrangements i n  t h i r d  chromosomes o f  

Drosophila pseudoobscnra i n  the southvcstern United States. Places uhere the 

gradients i n  chroiosomc frequencies are steep can be thought of  as eeotones 

betueen genetic ecotypes. l lodif ied f r a i  Dobshansky e t  a l .  (1977). 



SUN l- 
h-4 '%\ 

VERTICAL FLUXES ACROSS SURFICIAL DOUNDARIES 
I 

/ ; \  \ 1 radlont 
cnproy rcficclion V c r S Y  cxc'mngcs 

I 
1 1 '  via convccllon and 

c v a p o r o , l o n ~ ~ ~ 0 9  1 ra duc II on 
4 

Ioiorol and vortlcnl 
cncroy oxchangor, vla 
organlms 

/r ' UPPER 'h 
SURFlClAL BOUNDARY 

Lateral Bepndor 
I + 1 

I I 

! hont from qorîh's cor0 

cncrgy c x c h a n ~ c s  vla 
surlaco walcr rnovcrncnl 
cnergy cxchongoâ vla 
subsurlncc walcr movcmcnt 

HORIZONTAL FLUXES 
ACROSS U T E R A L  
BOUNDARIES 

F i g u r e  5. A patch body extracted from a landscape mosaic. vith associated cnergy fluxes. From Johnston and laiman (1987). by permission 

o f  the International Association for Landscape Ecology. 



Patch Boundaries and Ecological Flows 

The Importance of Interactions Between Ecological Systems 

A centra l  quest ion i n  ecology has been, "How does the  s t a t e  o f  an 

ecological system a t  a given t ime in f l uénce  the  s t a t e  o f  the  system a t  some 

l a t e r  t ime ? "  A t y p i c a l  approach has been t o  view the  system as i nterna l  l y  

homogeneous and i s o l a t e d  from other  systems i n  order t o  focus on i ~ n t e r n a l  

mechanisms o f  change. For example, many models on the  dynamics o f  gene 

frequencies w i  t h i  n  populat ions assume no immigrat ion o r  emmigration. The 

same i s  t r u e  f o r  the  exponential  and l o g i s t i c  models o f  populat ions growth 

(Wilson and Bossert 1971). The approach has been espec ia l l y  important t o  

the development o f  theory on ecological  succession. The c l a s s i c a l  work o f  

Clements (1936) descr i  bed the  i n t e r a c t i o n  among t h e  species, hab i ta t ,  and 

cl imate o f  a place as the  pr imary determinant o f  change i n  species 

composition. Migra t ion  o f  propagules i n t o  the  system was acknowl edged bu t  

other contagion e f f e c t s  from adjacent systems were not. The more recent  

f a c i l i t a t i o n ,  tolerance, and i n h i b i t i o n  models o f  autogenic succession 

(Conne11 and S la tyer  1977) are based on species i n t e r a c t i o n s  w i t h i n  the  

designated system. 

This approach has been product ive but  no t  s u f f i c i e n t  t o  account f o r  nany o f  

the pat terns observed i n  nature. Natural systems are ne i the r  i s o l a t e d  nor 

honogeneous ( A l l e n  and S ta r r  1982, P i c k e t t  and White 1985). The patch 

dynamics paradigm ( P i c k e t t  and White 1985) f o l  lows from the r e a l  i z a t i o n  

tha t  ecological  systems are heterogeneous and deconposabl e i nto  many 

smaller-scale un i t s .  I t  focused a t t e n t i o n  on t h e  ex tent  t o  which landscape 

leve l  dynamics can be pred ic ted based on the  aggregate behavior o f  many 

smal l e r - sca le  patches. Some widely-used f o r e s t  dynamics mode1 s (Botk i  n e t  

a l .  1972, Shugart and West 1977) exempli fy t h i s  approach. These models 

s inu la te  the  b i r t h ,  growth, and death o f  i n d i v i d u a l  t rees  on s n a l l  p l o t s  

( = 0.1 ha). The r e s u l t s  from several p l o t s  are then averaged t o  describe 

the dynamics of the  f o r e s t .  These models have performed ra the r  we l l  i n  

matching the  dynamics o f  r e a l  f o r e s t s  (Shugart 1984) and t h i s  lends 



credence t o  t h e  view t h a t  a landscape represents a simple aggregation o f  

several independent patches. However, bo th  h ierarchy theory ( A l l e n  and Star 

1982) and empi r ica l  observations (see below) suggest t h a t  considerat ion o f  

contagion e f f e c t s  between patches w i l l  improve Our understanding o f  

landscape dynamics. 

Hierarchy theory  deals w i t h  the  p roper t i es  o f  systems t h a t  a re  composed o f  

m u l t i p l e  l e v e l s  and i t  i s  usefu l  f o r  exp lor ing  t h e  organizat ion o f  patchy 

systems. Many eco log ica l  systems appear t o  be organized as nested 

h ierarch ies  w i  t h  components a t  each leve l  having unique spat ia l / temporal  

domains and proper t ies  ( A l l e n  and Star  1982, O'Nei 11 e t  a l .  1986, Urban e t  

a l .  1987) (F igure 6).  Higher l e v e l s  are genera l ly  l a rge r  i n  area than, 

behave more s lowly  than, constra in,  and conta in  lower leve ls .  Wi th in a 

l e v e l  o f  t he  h ierarchy  the re  may be several subsystems. These subsystems o r  

holons (Koest le r  1967) may be i d e n t i f i e d  by t h e  c r i t e r i o n  t h a t  i n t e r a c t i o n s  

w i t h i n  the  holon are stronger than those w i t h  o ther  holons, o r  by the  

c r i t e r i o n  t h a t  there  i s  greater  s i m i l a r i t y  w i t h i n  the  holon than between it 

and others ( A l l e n  e t  a l .  1984). It i s  the-  i n t e r a c t i o n s  w i t h i n  and between 

the  subsystems a t  one l e v e l  t h a t  generate t h e  behaviors o f  t h e  next  h igher 

l eve l  . Conversely, h igher l e v e l s  i n  t h e  h ierarchy  impose cons t ra in ts  t h a t  

in f luence t h e  dynamics o f  lower leve ls .  To i l l u s t r a t e  these ideas, consider 

a f o r e s t  composed o f  t rees  and gaps. Trees i n t e r a c t  and generate the  

dynamics o f  gaps. The s t r u c t u r e  o f  t h e  canopy o f  a gap p a r t i a l  l y  determines 

the  microcl imate on the  f o r e s t  f l o o r  and thus constra ins the  growth o f  

, i n d i v i d u a l  seedlings. The important p o i n t  here i s  t h a t  higher l eve l  

p roper t i es  a re  generated not  on l y  by i n t e r a c t i o n s  w i t h i n  holons a t  t h e  next 

lower l e v e l  , b u t  a l so  by i n t e r a c t i o n s  among those holons. Accordingly, we 

can improve Our understanding o f  ecological  systems by e x p l i c i t l y  

consider ing t h e  contagion e f f e c t s  between components w i t h i n  t h e  system. 

I n  support o f  t h i s  not ion, there  i s  a wealth o f  empir ica l  in fo rmat ion  

i n d i c a t i n g  t h a t  t h e  movements o f  energy, mater ia ls ,  and organisms across a 

landscape i s  in f luenced by the  s p a t i a l  d i s t r i b u t i o n  o f  t h e  landscape 

elements. The spread o f  disturbances l i k e  f i r e  may be enhanced by some 
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Figure 6. A generalized hierarehical systei. Thick arrous indieate strong 

interactions; broken arrous. ueak interactions. From Urban et al. (1987). by 

permission of The University b f  Chicago Press. 



patch types and i n h i b i t e d  by others (Turner 1987). The microc l imate o r  

resource d i s t r i b u t i o n  w i t h i n  a  patch may be mod i f ied  by adjacent patches 

(Forman and Godron 1986). Co lon iza t ion  r a t e s  o f  animals o r  p l a n t s  w i t h i n  a 

patch are o f t e n  dependent upon t h e  ex ten t  o f  c o n n e c t i v i t y  o f  t h e  patch w i t h  

o ther  simi 1 a r  patches (Fahr ig  and Mer r i  am 1985). 

These f i n d i  ngs suggest t h a t  f o r  p r e d i c t i n g  eco log ica l  dynamics, i t i s  

i n s u f f i c i e n t  t o  know how t h e  s t a t e  o f  a system a t  a  given t ime wi11 

i n f l uence  t h e  s t a t e  a t  a  f u t u r e  t ime. We must a lso  know how t h e  s t a t e  o f  a  

system i s i n f l  uenced by the  s ta tes  o f  surrounding systems. A growing number 

o f  ecologi  s t s  from diverse  subdi s c i  p l  i nes  are i n v e s t i g a t i  ng s p a t i a l  

e f f e c t s .  Ecotones should f i g u r e  prominent ly  i n  these studies.  

Ecotones as D i  f f e r e n t i  a l  ly-permeabl e  Menbranes 

I n t e r a c t i o n s  between elements o f  a  1  andscape may be s t rong ly  in f luenced by  

t h e  nature o f  t h e  boundary between them. Returning t o  h ie rarchy  theory, t h e  

sur face o f  a  subsystem represents a  sharp d i s c o n t i n u i t y  i n  t he  a t t r i b u t e  

t h a t  makes t h e  holon a  unique e n t i t y .  This  may be a  change i n  s t ruc ture ,  

composition, o r  r a t e s  o f  processes ( O ' N e i l l  e t  a l .  1986). Holon surfaces 

may sometimes con ta in  o r  encase t h e  i n t e r a c t i o n s  w i t h i n  t h e  holon o r  s h i e l d  

i t  from ou ts ide  in f luences.  The surface, thus, i s  analogous t o  a  membrane 

t h a t  f i l t e r s  i npu ts  and outputs and mainta ins t h e  i n t e g r i t y  o f  t h e  holon. 

S i m i l a r l y ,  t h e  edges o f  a  patch i n  a  landscape are marked by a  discon- 

t i n u i t y  i n  t h e  a t t r i b u t e s  t h a t  de f i ne  t h e  patch. For example, a  f o r e s t  

c l e a r i n g  i s  bounded by an abrupt increase i n  vegetat ion hc ight .  As  s ta ted  

e a r l i e r ,  an ecotone i s  t h e  zone o f  d i s c o n t i n u i t y  separat ing patches. I n  

t h i s  regard, t he re  i s  considerable i n t e r e s t  i n  determining the  ex ten t  t o  

which ecotones ac t  as d i f f e r e n t i  a l  ly-permeable membranes t h a t  f ac i  1  i t a t e  

some eco log ica l  f lows b u t  impede o thers  (Wiens e t  a l .  1985, Johnston and 

Naiman 1987 ) . 

iqater ia ls ,  energy, and genet ic  i n fo rma t ion  move across a  landscape under 

t h e  power o f  t r anspor t  mechanisms o r  vec tors  (Wiens e t  a l .  1985, Forman and 



Godron 1986). Comnon vectors inc lude wind, water, and organisms. Tne ex ten t  

o f  movement i s  in f luenced by forces under ly ing  t h e  vectors. There are th ree  

general types o f  f o rces  : d i f fus ion ,  mass f low, and locomotion (Forman and 

Godron 1986). D i f f u s i o n  i s  thes gradua1 spreading o f  e n t i t i e s  (e.g. 

molec(lles, organisms) .as a r e s u l t  of random motion. Mass f low, such as o f  

water o r  a i r ,  i s  powered by  g rav i  t y  o r  by temperature and pressure d i f f e -  

rences. Locomotion i s t h e  s e l f  - d i  r e c t e d  motion o f  organi sms. Landscape 

boundaries may i -nf luence the  s t reng th  and o r i e n t a t i o n  o f  each o f  these 

forces. 

Patch boundaries may sometimes a c t  as b a r r i e r s  and impede t h e  t r a n s i t  of 

disturbance, n u t r i e n t s ,  o r  organisms. Coastal sand dunes, f o r  example, are 

known t o  i n h i b i t  s a l t  spray ing and ocean f l o o d i n g  across i s l ands  (Odum e t  

a l .  1987). Dense hedgerows may reduce w i  nd speeds over  f i e l d s  (Forman and 

Godron 1986) and probably i n h i b i t  t h e  movements o f  wind-blown seeds o r  

insects.  R i  p a r i  an f o r e s t s  r e t a r d  eros ion  and down-slope movements o f  

n i  t rogen and phosphorus (Peter john and Cor re l  1  1984). S t r i  ps o f  

c losely-cropped vegeta t ion  expose c e r t a i n  small mammals t o  h igh  r a t e s  o f  

predat ion and thus represent  b a r r i e r s  t o  dispersa1 (Rice 1987). 

A l  ternaici ve ly ,  1  andscape boundaries may be re1 a t i v e l y  porous t o  o r  even 

f a c i l i t a . t e  eco log ica l  f lows across them. Wind blows f r e e l y  through 

hedgerows t h a t  have an open s t ruc tu re .  Beaver (Castor canadensi s )  easi l y  

t raverse  t h e  boundary between aquat ic  and t e r r e s t r i  a l  systems, a t  l e a s t  

when sur face i c e  i s  no t  present  (Johnston and Naiman 1987). Patches w i t h  

h igh  f u e l  loads may enhance t h e  spread o f  f i  r e  across a 1 andscape (Turner 

and B ra t ton  1987). S t r i p s  9 o f  pioneer p l a n t s  moving across r e l a t i v e l y  

impermeable deser t  s o i l s  f a c i l i t a t e  t h e  f l o w  o f  sur face water i n t o  t h e  so i1  

and a l l o w  t h e  establ ishment o f  a vegeta t ion  community (Cornet e t  a l ;  1987). 

F i n a l l y ,  ecotones may serve as c o r r i d o r s  o r  pathways and f a c i l i t a t e  

movements p a r a l l e l  t o  t h e  patch edge. Some woodland b i r d s  have r e c e n t l y  

expanded t h e i r  ranges across t h e  Nor th  American p r a i r i e ,  probably by moving 

a l  ong r i  p a r i  an zones (Knopf 1986). Avi an predators appear t o  aggregate i n 



and move along h a b i t a t  d i  scont inu i  t i e s  (Gates and Gysel 1978): S i m i  1  a r i  ly, 

r i p a r i a n  zones i n  t h e  coni ferous f o r e s t s  o f  t h e  northwestern ~ n i t e d  States 

are thought t o  be used as movement c o r r i d o r s  by many ver tebrates (Har r i s  

1984). 

To summari ze, t h e  exchange o f  energy, mater i  a l  s, and genet ic  in format ion  

between landscape elements appears t o  have an important  i n f l uence  on patch 

s t r u c t u r e  and func t ion .  Both theory and empi r ica l  evidence suggests t h a t  

landscape boundaries sometimes ac t  as d i f f e ren t ia l l y -pe rmeab le  membranes. 

and f a c i l i t a t e  some eco log ica l  f lows b u t  impede others. The g e n e r a l i t y  o f  

t h i s  e f f e c t ,  t h e  a t t r i b u t e s  o f  a  boundary t h a t  cause i t  t o  repel  o r  

t ransmi t  eco log ica l  f lows, and t h e  consequences f o r  landscape s t r u c t u r e  and 

func t i on ing  are poor l y  known and are  f e r t i l e  grounds f o r  study. 

Biodi versi ty i n  Ecotones 

A reason f o r  s tudying ecotones i s  t h a t  landscape boundary s t r u c t u r e  has a  

p a r t i c u l a r l y  s t rong in f l uence  on b i o t i c  d i v e r s i t y  bo th  because ecotones may 

serve as e i  t h e r  b a r r i e r s  o r  c o r r i d o r s  between gene pools and because 

ecotones represent unique hab i ta t s  opt imal f o r  some species and 

i nhospi table f o r  others.  These e f f e c t s  on b i o d i v e r s i  t y  are ev ident  a t  

genetic,  species, and 1  andscape l é v e l  s  o f  organi zat ion. 

The format ion o f  a  b a r r i e r  t o  gene f l o w  may subdivide a  popu la t ion  i n t o  

unique genotypes and, i n  some cases, lead t o  spec ia t ion  (Mayr 1982). 

Landscape fragmentat ion f o l  lowing c l i m a t i c  f 1  uctuat ions o r  disturbance i s  

thought t o  be responsib le f o r  speci a t i o n  i n  P a c i f i c  salmon (Oncorhynchus) 

(Neave 1958), Amazonian f o r e s t  b i r d s  (Ha f fe r  1969), and some new world 

warbl e rs  (Dendroi c a l  (Mengel 1964). 

When ecotones serve as hab i ta t ,  they can s t rong ly  i n f l uence  loca l  and 

reg iona l  species dens i ty  and d i v e r s i t y .  A widely he ld  tene t  o f  w i l d l i f e  

b io logy  i s  t h a t  t h e  v a r i e t y  and dens i ty  o f  organisms i s  e levated a t  the  

i n te r face  between p l a n t  communities (Leopold 1933). This "edge e f f e c t "  i s  



thought t o  be due t o  t h e  presence o f  species c h a r a c t e r i s t i c  o f  each o f  the  

adjacent communities p lus  species i n h a b i t i n g  on l y  t he  ecotone. The edge 

spec ia l i s t s  may f i n d  h a b i t a t s  a t  t h e  ecotone t h a t  a re  no t  present  i n  e i t h e r  

community alone, o r  they  may r e q u i r e  two o r  more s t r u c t u r a l l y  d i f f e r e n t  

habi tats  i n  c lose  p r o x i m i t y  t o  one another (see Gates and Gysel 1978). The 

bald eagle (Hal iaeetus leucocephalus 1, f o r  example, forages along open 

bodies o f  water bu t  requ i res  l a r g e  t r e e s  f o r  nest ing. Thus, breeding 

general l y  occurs along wooded shore1 i nes ( Hodges and Robards 1982). 

Empirical s tudies o f  t h e  edge e f f e c t  a re  s u r p r i s i n g l y  few and concern 

p r i m a r i l y  b i rds .  Thei r  r e s u l t s  are sornetimes con t rad i c to ry  and genera l l y  

inconclusi  ve. Weak ev i  dence support i  ng t h e  edge e f f e c t  comes from 

comparisons o f  areas w i t h  mixed h a b i t a t s  (presumably w i t h  many edges) t o  

areas o f  one h a b i t a t  (Beecher 1942, Johnston and Odum 1956). More recent  

works focused d i r e c t l y  on edges. Gates and Gysel (1978) and Chasko and 

Gates (1982) found t h a t  t h e  species r ichness o f  nes t i ng  b i r d s  and nest 

density increased from f o r e s t  i n t e r i o r  t o  f o r e s t  edge. I n  Kroodsma's (1982) 

study, however, nes t  dens i t y  was h ighes t  near f o r e s t  edges du r ing  o n l y  one 

of  three seasons. Hel l e  and Hel l e  (1982) found t h a t  f o r e s t  edges supported 

high b i r d  dens i t ies ,  bu t  lower species r ichness than f o r e s t  i n t e r i  ors. 

Thus, c lea r  t rends  on t h e  general i t y  o f  t h e  edge e f f e c t  do no t  emerge from 

these studies. Moreover, 1 i t t l e  i s known about t he  environmental f a c t o r s  

tha t  might account f o r  t h e  pa t te rns  described above (see Kroodsma 1982, 

1984). 

A re-evaluat ion of theory  concerning species d i v e r s i t y  and abundance i n  

ecotones appears t o  be necbssary t o  b e t t e r  e x p l a i n  the  pa t te rns  observed i n  

nature. The increase i n  d i v e r s i t y  i n  ecotones descr ibed by  t h e  edge e f f e c t  

i s  on ly  one o f  some a l t e r n a t i v e  p o s s i b i l i t i e s .  Van der  Maarel (1'976), f o r  

example, p red i c ted  t h a t  boundari es which f 1 uctuate dramatical  l y  i n  1 o c a t i  on 

(as the edge o f  unstable water bodies)  w i l l  be r e l a t i v e l y  poor i n  species. 

A reasonable way t o  expana theory on b i o d i v e r s i t y  a t  ecotones i s  t o  

consider th ree  poss ib le  l e v e l s  o f  d i v e r s i t y  i n  patch boundaries and 

evaluate t h e  f a c t o r s  t h a t  cou ld  lead t o  each. Species d i v e r s i t y  i n  an 



ecotone rnay be: (1 )  h igher  than i n  t h e  adjacent patches; ( 2 )  in te rmed ia te  

between tne  patches; o r  ( 3 )  l ess  than e i t h e r  patch. Below, we l i s t  a few 

specu la t i  ve hypotheses t o  i 11 u s t r a t e  t h i  s type o f  approach. 

Tne f i r s t  scenar io i s  described by the  edge e f f e c t .  As mentioned above, 

t n i s  s i t u a t i o n  e x i s t s  i f  the  ecotone supports species from each o f  t he  

neighboring communi t i e s  and/or edge speci a l  i sts .  Communi t y  over lap  may be 

enhanced i n  ecotones where d is turbance regimes o r  resource regimes 

in te rgrade o r  i n t e r d i g i t a t e  i n  ways favorab le  t o  species from each 

community. For example, p r a i r i e  f i r e  rnay reach across t h e  f o r e s t  edge and 

c reate  patches i n  t he  f o r e s t  s u i t a b l e  f o r  some p r a i r i e  species. 

A l t e r n a t i v e l y ,  an ecotone may be r e l a t i v e l y  unfavorable but ,  nevertheless, 

conta in  many species i f  the re  are h igh  ra tes  o f  immigrat ion from t h e  

adjacent communi ti es. Ecotones may a t t r a c t  many edge specia l  i s t s  i f  they 

are o f  s u f f i c i e n t  width, s t ruc ture ,  and composit ion t o  comprise unique 

hab i ta t s  o r  i f  the  ecotone i s  bounded by two o r  more hab i ta t s  t h a t  are 

necessary and s u f f i c i e n t  f o r  t h e  edge s p e c i a l i s t s .  

Ecotone d i v e r s i t y  rnight be in te rmed ia te  between two communities i f  one 

community i s  r e l a t i v e l y  poor i n  species and the  ecotone supports on ly  a 

p o r t i o n  o f  t h e  species found i n  t h e  r i c h e r  community. The j u n c t i o n  between 

an upland area and an i nhosp i tab le  environment l i k e  a s a l t  pan i s  a 

poss ib le  example. 

I n  t h e  t h i r d  case, t h e  boundary conta ins  fewer species than e i t h e r  o f  t h e  

adjacent patches. This  cou ld  r e s u l t  i f  the  ecotone i s  subject  t o  g reat  

f 1 uc tua t ions  i n  resource 1 evel s ( as i n t h e  sa1 twater / f reshwater  i n t e r f a c e  

i n  es tua r ies )  o r  experiences extreme l e v e l s  o f  d is turbance (e.g. t h e  wave- 

ba t te red  reg ion  o f  t he  i n t e r t i d a l  zone). Also, i t  i s  poss ib le  t h a t  t he  

over lap o f  d is turbances i n  an ecotone creates synerget ic  e f f e c t s  t h a t  a re  

adverse t o  many species. F i n a l l y ,  edge s p e c i a l i s t s  may be few i f  the  

ecotone i s  t o o  narrow t o  prov ide  a unique hab i ta t .  



This descr ip t ion  of th ree pat te rns  o f  d i v e r s i t y  i n  ecotones i s  c l e a r l y  

underdeveloped. The main p o i n t  here i s  t h a t  r e l  a t i  ve ly  unique condi t ions 

may occur a t  t he  i n t e r f a c e  o f  two o r  more patches and t h a t  these condi t ions 

may sometimes promote o r  i n h i  b i . t  species d i v e r s i t y .  There i s  a need t o  

develop pred ic t ions  on the  f a c t o r s  t h a t  in f luence b iod ive rs i  t y  i n  patch 

boundaries and t o  t e s t  these p red ic t i ons  against  pa t te rns  i n  nature. 

Comparisons o f  d i v e r s i t y  across landscapes need t o  con t ro l  f o r  d i f fe rences 

i n  the  spa t ia l  and temporal scales o f  t h e  ecotones, patches and organisms. 

being evaluated. For example, i t  seems unreasonable t o  compare d i v e r s i t y  i n  

a  power-1 i ne c o r r i d o r / f o r e s t  ecotone t o  t h a t  i n  a  p r a i  r i e / f o r e s t  ecotone 

because the  former rnay be too  narrow t o  serve as h a b i t a t  f o r  many species. 

S i m i  1  a r ly ,  we need recogni ze t h a t  pa t te rns  o f  d i v e r s i  t y  on ecotones rnay 

d i f f e r  between r e l  a t i  ve ly  1  arge-scal e  organi sms 1 i ke 1  arge mammal s  and 

smal le r -sca le  organi sms 1  i ke i nsects. 

Last ly,  there  i s a  need f o r  more cons idera t ion  o f  t he  consequences o f  human 

a l  t e r a t i o n  o f  landscape boundary s t ruc tu re  on speci es d i  vers i  t y  and 

abundance. Some su rp r i s ing  pat te rns  have a l ready been discovered. Gates and 

Gysel (1978) found tha t ,  whereas the  dens i t y  o f  nes t ing  b i r d s  was h ighest  

on hab i ta t  edges, nes t ing  success was lowest there  due t o  increased 

predation ra tes .  They suggested t h a t  narrow, man-made h a b i t a t  edges may 

funct ion as "ecological  t raps"  by concentrat ing nests and thereby 

increasi ng densi ty-dependent morta l  i ty . A l  so, the re  i s i ncreasi ng evidence 

tha t  some patch i n t e r i o r  species cannot t o l e r a t e  -hab i ta t  edges and become 

ex t i nc t  i n  h i g h l y  fragmented hab i ta t s  (see Wilcove e t  a l .  1986). 

Consequently, t he  s t ra tegy  o f  maximi z i  ng 1  ocal d i  vers i  t y  by increas i  ng the  

abundance o f  ecotones may lead t o  a  reduct ion  i n  regional  d i v e r s i  t y  due t o  

the loss o f  edge-avoiding species (Noss 1983). 

Clearly, a  great  deal i s  y e t  t o  be learned about pa t te rns  o f  d i v e r s i t y  and 

abundance a t  ecotones, c o n t r o l l  i n g  fac tors ,  and consequences f o r  1  andscape 

structure and func t ion .  A t  a  t ime when t h e  loss  o f  b i o t i c  d i v e r s i t y  i s  a  

leading conservat ion problem (Wi l son  19841, such studies are c r i  t i c a l .  



Hunan Kind and Ecotones 

Human Impacts on Landscape Boundaries 

Cons idera t ion  o f  t h e  r o l e  o f  ecotones i n  landscapes i s  e s p e c i a l l y  impo r tan t  

now because human a c t i v i t i e s  a re  hav ing unprecedented impacts on 

t e r r e s t r i a l  and aqua t i c  systems a t  t h e  l o c a l ,  r eg iona l ,  and g l o b a l  l e v e l s  

(Na t iona l  Research Counci 1  1986).  I n  many places, human a c t i v i  t i e s  appear 

t o  be r e p l a c i n g  n a t u r a l  agents o f  change as t h e  p r imary  determinants  o f  

landscape s t r u c t u r e .  A g r i c u l t u r a l  development, de fo res ta t i on ,  and urban 

expansion have d r a m a t i c a l l y  t ransformed upland and r i p a r i a n  vege ta t i on  and 

w i  l d l  i f e  across c o n t i n e n t s  (Cronon 1982, Burgess and Sharpe 1981, S w i f t  

1984). I n  semi -a r id  areas, these a c t i v i t i e s  have c o n t r i  bu ted  t o  

d e s e r t i  f i  c a t i o n  and reduc t i ons  i n  1  andscape p r o d u c t i  v i  t y  (Wal 1  s  1980).  Man 

has a l s o  g r e a t l y  acce le ra ted  t h e  r a t e  o f  spec ies e x t i n c t i o n s ,  e s p e c i a l l y  i n  

t h e  t r o p i c s  (Myers 1979, E h r l i c h  and E h r l i c h  1982). And, t h e r e  i s  a  r e a l  

concern t h a t  such changes w i  11 c o n t r i b u t e  t o  a l t e r a t i o n s  i n  g l o b a l  c l  imate  

(.National Research Counci 1  1986). 

Na tu ra l  d i s t u rbance  i s  a  common f e a t u r e  of a l 1  landscapes and p l a y s  a major  

r o l e  i n  d r i v i n g  pa t ch  dynamics (Whi te  1979, Sousa 1984, P i c k e t t  and White 

1985). Ooes numan d is tu rbance  n o t  r ep resen t  more o f  t h e  same ? I n  some 

cases t h e  answer i s  no, and much work i s  y e t  t o  be done on t h e  s i m i l a r i t i e s  

and d i f f e r e n c e s  between n a t u r a l  and human d is turbance.  

A s t a r t i n g  p o i n t  i s  t o  c l a s s i f y  agents o f  change by  t h e  ways t h a t  t hey  

i n f l u e n c e  e c o l o g i c a l  systems (Hansen and Walker 1985). Dis turbance a l t e r s  

resources o r  organisms and causes a change o f  s t a te .  Non-events a l t e r  

resources o r  organisms b u t  do so a t  a  sca le  i n s u f f i c i e n t  t o  cause a change 

o f  s t a t e .  And, i nco rpo ra ted  d i s tu rbance  a l t e r s  resources o r  organisms i n  a  

way t h a t  i s  necessary t o  m a i n t a i n  t h e  system i n  i t s  p resen t  s t a t e .  I n  t h e  

l a t t e r  case, t h e  component has ad jus ted  t o  o r  " incorpora ted"  a  d i s tu rbance  

such t h a t  i t  now represen ts  t h e  s t a t u s  quo ( A l l e n  and S t a r r  1982). P l a n t  

species composi t ion i n  t h e  Nor th  American p r a i r i e  i s  n o t  changed b y  f i r e ,  



i t  i s  maintained by f i r e  ( A l l e n  and S t a r r  1982). Components o f  many 

ecol ogical  systems have over ecol ogi  c a l  o r  evol u t i  onary t ime i ncorporated 

natura l  agents o f  change and are now dependent upon them ( O ' N e i l l  e t  a l .  

1986). 

The type o f  eco log ica l  response e l i c i t e d  by an agent o f  change i s  p a r t i a l l y  

a func t i on  o f  t he  nove l t y  o f  t he  event. New types o f  events w i  11 o f t e n  

represent disturbance because t h e  system w i l l  no t  have prev ious ly  adjusted 

t o  them. The r e l a t i v e  s p a t i a l  and temporal scale of an agent o f  change a lso  

inf luences i t s  e f f e c t s  on an eco log ica l  system. According t o  the  "scale 

hypothesi s" ( R .  O '  Nei 11, persona1 communication) events too  small i n  scale 

t o  e l i c i t  response from t h e  e n t i t y  w i l l  be non-events (F igure 7 ) .  Also, 

large scale events t h a t  are r e l a t i v e l y  in f requent  may be non-events i f  t h e  

b i o t i c  e n t i t y  e x i s t s  between pulses o f  t h e  per tu rba t ion .  Per tu rbat ions  t h a t  

are o f  s u f f i c i e n t l y  l a rge  scale t o  be agents o f  na tu ra l  se lect ion,  b u t  no t  

so b i g  o r  so in tense o r  so f requent  o r  so i nfrequent t h a t  t h e  e n t i  t y  can 

not adapt t o  them w i l l  o f t e n  be incorpora ted  disturbance. Once t h e  e n t i t y  

has adjusted t o  them, t h e  events may be necessary t o  keep t h e  e n t i t y  i n  i t s  

present s tate.  Per tu rbat ions  a t  a l 1  o ther  scales wi11 usual l y  be 

disturbance and cause a change o f  s t a t e  i n  t h e  e n t i t y .  

Many human a c t i v i t i e s  are simi l a r  i n  type o r  scale t o  na tu ra l  events t h a t  

have been incorporated by 'aR eco log ica l  system. These a c t i v i t i e s  may cause 

a change i n  t h e  system on ly  i f  they are discont inued. Other human 

a c t i v i t i e s ,  i n  cont ras t ,  d i f f e r  e i t h e r  i n  scale o r  k i n d  from natura l  agents 

o f  change (Urban e t  a l .  1987). Humans sometimes resca le  na tura l  events. 

F i r e  suppression, f o r  example, o f ten  r e s u l t s  i n  less  frequent b u t  more 

intense f i r e s  than under na tura l  cond i t ions .  Humans have a lso in t roduced 

new types o f  phenomena t h a t  are f u n c t i o n a l l y  s i m i l a r  t o  na tu ra l  events bu t  

are o f  g rea ter  sca le  (e.g. t imber harves t ) .  Th i rd l y ,  humans have produced 

phenomena t h a t  have no natura l  counterpar ts  (e.g. u rban iza t ion)  . Much o f  

the b i o t a  i s  p o o r l y  adapted t o  these novel types and scales o f  phenomena. 

For t h i s  reason, t h e  s t r u c t u r e  o f  na tu ra l  landscapes o f t e n  change markedly 

f o l  lowing t h e  i n i t i a t i o n  o f  human a c t i v i  t i e s .  
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Figure 7. Tho response o f  an eco log ica l  system t o  an agent o f  change may be 

inf luenced by the-spat ia l / tempora l  scale o f  the  per turbat ion  c e l a t i v e  t o  t h a t  o f  

the system. According t o  the model, events that -  are r e l a t i v e l y  s m i l l  i n  scale o r  

are extremely l a rge  i n  scale u i l l  no t  cause change i n  the eco log ica l  system, and 

are termed non-events. Events t h a t  are s l i g h t l y  smaller i n  scale thsn the 

eco log ica l  system may become nincorporatedn by the system and be necessary t o  

i a i n t a i n  the system i n  i t s  present state.  lodera te ly  la rge scale events do cause 

change and are termed disturbance (R. O'Neil l ,  personal. communication). See t e x t  

f o r  f u r t h e r  explanation. 



Man's impr in t  on landscape s t r u c t u r e  has become ever more pronounced i n  

recent years as human land use has broadened and i n t e n s i f i e d .  Land 

t ransformat ion and o ther  human a c t i v i t i e s  appear t o  be i n i t i a t i n g  important  

changes i n  g loba l  c l  imate (Nat iona l  Research Counci 1  1986). These c l  ima t i c  

a l t e ra t i ons  are  expected, i n  t u rn ,  t o  induce f u r t h e r  changes i n  t e r r e s t r i a l  

and aquat ic systems (Dyer e t  . a l .  1988). The emerging I n t e r n a t i o n a l  

Geosphere-Biosphere Program ( IGBP 1 (Nat iona l  Research Counci 1  1986) i s 

designed t o  address these c r u c i a l  problems. 

Ecotonal areas a re  l i k e l y  t o  be p a r t i c u l a r l y  suscept ib le  t o  r a p i d  changes 

i n  c l imate  and atmosphere. Organisms i n  t h e  t r a n s i t i o n  zones between 

comnunities may be near t h e i r  to le rance l i m i t s  and thus be quick t o  respond 

t o  environmental change. For t h i s  reason, s c i e n t i s t s  invo lved w i t h  IGBP are 

in te res ted  i n  mon i to r ing  ecotones as e a r l y  i n d i c a t o r s  o f  g lobal  change (see 

the other  a r t i c l e s  i n  t h i s  i ssue) .  

Ecotone Hanagenient 

I f  1  andscape boundari es are  impor tan t  i n i n f  1  uenci ng ecol ogi  c a l  f 1  ows and 

b iod ivers i  t y ,  and human a c t i v i  t i e s  are dramatical  l y  a l  t e r i n g  these 

boundaries, then management ac t ions  a re  c l e a r l y  desi rable.  One approach i s  

t o  attempt t o  h a l t  those human a c t i v i t i e s  t h a t  have negat ive consequences. 

An a l t e r n a t i v e  i s  t o  develop management s t r a t e g i e s  t h a t  m i t i g a t e  t h e  

negative impacts. Unfor tunate ly ,  l i t t l e  i s  known about how t o  manage 

landscape boundaries and an important  reason f o r  s tudying ecotones i s t o  

learn ways o f  producing des i rab le  landscape pa t te rns  and charac ter i  s t i c s .  

I n  places such as some wi lderaess areas a  l a i s s e r  f a i r e  approach may bes t  

accompl i s n  management ob jec t ives .  I n  o the r  cases, land managers can 

c a p i t a l i z e  on t h e  human abi l i t y  t o  a l t e r  landscapes and perform 

manipulations t o  acheive des i rab le  pa t te rns .  F i r e  i s  commonly used i n  t h i s  

regard. P resc r i  bed burn ing i s o f t e n  designed t o  mimic na tura l  w i  l d f i  r e  

regimes i n  o rder  t o  ma in ta in  na tu ra l  pa t te rns .  It i s  a l s o  used t o  produce 

novel pa t te rns  such as c l e a r i n g s  f o r  a g r i c u l t u r e  i n  t r o p i c a l  f o res ts .  



Perhaps, the  most W-idely used technique r e l a t i v e  t o  the  manipulat ion o f  

1  andscape boundari es i s  the c r e a t i  on o f  nedgerows. Hedgerow networks i n  

a g r i c u l t u r a l  areas g r e a t l y  reduce so i1  erosion and provide a  more equ i tab le  

microcl imate f o r  crops (Forman and Godron 1986). Unfortunately, much less 

i s  known about managing boundaries i n  othec types o f  ecological  systems, 

espec ia l l y  i n  cases wnere management ob jec t ives  are i n  c o n f l i c t .  The 

coni ferous f o r e s t s  o f  the  northwestern United States o f f e r  a  t y p i c a l  

examp 1  e  . 

Managers o f  tnese f o r e s t s  are charged w i t h  maximizing t imber product ion and 

mai n t a i  n i  ng v iab le  populat ions o f  ver tebrate species. This i s d i f f  i c u l  t 

because some o f  the  ver tebrates r e q u i r e  centur ies-o ld  f o r e s t s  (F rank l i n  e t  

a l .  1981). These species are l o s t  when the  fo res ts  are managed on short  

( < 125 year)  harvest cycles. H a r r i s  (1984) recen t l y  proposed a  p lan  t o  

solve the  problem t h a t  i s  based on biogeography theory and landscape 

ecology. The core o f  the  p lan  invo lves  main ta in ing  a  network o f  old-growth 

patches and connecting c o r r i d o r s  w i t h i n  a  mat r ix  o f  sho r t - ro ta t i on  fo res t .  

Successfu l ly  implementating the  plan, however, would requ i re  more 

in format ion  on boundary dynamics. Presently,  l i t t l e  i s  known about : how 

la rge  the  old-growth patches need be t o  prevent domination by  edge e f f e c t s ;  

the  types o f  vegetat ive co r r i do rs  t h a t  would best  f a c i l i t a t e  animal 

movements ; t h e  v u l n e r a b i l i t y  o f  the  patches and c o r r i d o r s  t o  disturbances 

l i k e  f i r e  and windthrow ; the extent  t o  which n u t r i e n t s  and seeds would 

f l ow  between the  old-growth stands and the  surrounding mat r ix .  ( E f f o r t s  t o  

ob ta in  t h i s  type o f  i n fo rma t ion  are present ly  underway i n  Amazonian r a i n  

fo res ts .  See Lovejoy e t  a l .  1986). 

Our knowledge o f  boundary dynamics i n  these f o r e s t s  must be expanded i n  

order  t o  opt imi  ze management f o r  t imber product ion and f o r  w i  l d l  i f e  

d i  vers i  t y .  S i m i  1  a r  types o f  resource conf 1 i c t s  e x i s t  i n  t e r r e s t r i  a l  and 

aquat ic  systems around the  worl d. More research and c r e a t i  ve management 

approaches are needed t o  mainta in and produce des i rab le  landscape pat terns.  



CONCLUSION 

Returning t o  the  quest ion r a i s e d  i n  t h e  t i t l e  -- "What and Why Ecotones ? "  

It i s i ncreasi ng l y  apparent t h a t  i n t e r a c t i o n s  between 1 andscape e l  enents 

strongly i n f l uence  landscape f u n c t i o n  and s t ruc ture .  Ecotones represent the 

t r a n s i t i o n  zones between landscape elements and may n o d i f y  those 

in te rac t ions  by ac t i ng  as differentially-permeable membranes t h a t  i n f l uence  

the f lows of energy, mater i  a l ,  and organi sms between patches. Ecotones may 

also be s i t e s  o f  h igh  b i o t i c  d i v e r s i  t y .  Research on the  v a l i d i t y  o f  these 

hypotheses i s c e r t a i  n  t o  advance eco log ica l  theory and improve 1 andscape 

management. The acce lera t ing  r a t e  o f  human-induced changes i n  the  biosphere 

necessi ta tes  t h a t  t h i  s  research be given h igh  p r i o r i  t y .  
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SCOPE/MAB TECHNICAL CONSULTATIONS ON LANDSCAPE BOUNDARIES 

Report of  a SCOPE/MAB Workshop on Ecotones 

5-7 January 1987, Paris, France 

Marjorie M. HOLLAND' , Compi ler 
Division of Ecological Sciences, UNESCO, 

7 ,  Place de Fontenoy, 75700 Paris, France 

Abstract. Joi  n t l y  sponsored by t h e  I n t e r n a t i o n a l  Counci 1  o f  Sci e n t i  f i c  

Unions' Sci e n t i f  i c Conmi t t e e  on Probl  ems o f  t h e  Envi ronment (SCOPE) and 

Unesco's Man and the  Biosphere Programme (MAB) , a working group o f  eleven 

sc ient is ts  gathered i n  Par is ,  5-7 January 1987, t o  d iscuss the  concept o f  

ecotones. The techn ica l  c o n s u l t a t i o n  had t r i p l e  o r i  gins. Recent d iscussions 

wi th in SCOPE, MAB, and t h e  developing Global Change Programme had centered 

on the need f o r  a workable d e f i n i t i o n  and c l a s s i f i c a t i o n  o f  ecotones. Thus, 

the key ob jec t i ves  o f  t h e  meeting were: ( 1 )  t o  develop a working d e f i n i t i o n  

of ecotones; ( 2 )  t o  prepare a c l a s s i f i c a t i o n  scheme f o r  ecotones based on 

operational concerns; and (3)  t o  i d e n t i f y  t e s t a b l e  research quest ions. 

' Present address: The EcoZogicaZ Society of Anterica, 730 11th S t ree t ,  NW. 

Sui te  400, Washington, D. C. 20001, U.S.A. 



The group def ined ecotone as a  "Zone o f  t r a n s i t i o n  between adjacent 

ecological  systems, havi ng a  se t  of charac ter i  s t i c s  uniquely d e f i  ned by 

space and t ime scales and by the s t rength  o f  t he  i n t e r a c t i o n s  between 

adjacent ecological  systems". 

Ecotones were c l a s s i f i e d  based on mechanisms o f  o r i g i n  and maintenance. I n  

devel opi ng such a  c l  assi f i c a t i  on scheme, two approaches were used. One 

d i  s t i  ngui shes between events, t h a t  cause or  mai n t a i  n  ecotones. The other 

approach invo lves  the  s t ruc tu re  and func t ion  o f  ecotones themselves. 

Seven cen t ra l  p re l im inary  research questions were i d e n t i f i e d :  

1. To what ex tent  can ecotones be f u n c t i o n a l l y  c l a s s i f i e d  so as t o  

f aci  1  i t a t e  compari sons among d i f f e r e n t  ecotones w i  t h  respect t o  o r i g i n ,  

s t ruc tu re  and eco log ica l  processes? 

2. Do ecotones provide s t a b i l i t y  f o r  the  resource patches they separate 

and, i f  so, a t  what s p a t i a l  and temporal h ie ra rch ica l  scales do they 

operate? 

3. What are the  key a t t r i b u t e s  (processes and components) o f  ecotones which 

impart  res is tance and r e s i l i e n c e  o f  the  adjacent resource patches t o  

d i  sturbance? 

4. 1s there  a pred ic tab le  p a t t e r n  t o  dynamic change i n  ecotones under 

natura l  cond i t ions? 

5. How are the  c h a r a c t e r i s t i c s  and processes o f  ecotones sens i t i ve  t o  

changes i n  the  g loba l  envi ronment? 

6. What i s  the  importance o f  ecotones i n  mainta in ing l o c a l ,  regional  and 

g lobal  b i o d i v e r s i  t y ?  

7. A t  what l e v e l  o f  human investrnent have ecotones been maintained and 

res tored i n . t h e  past? Might t h a t  l eve l  be expected t o  continue, d imin ish 

o r  i n t e n s i f y  i n  the  f u t u r e ?  A t  what scale - are research r e s u l t s  most 

usefu l  f o r  decision-making and management? 

The SCOPE/MAB worki ng session welcomed the  suggestion t h a t  representat ive 

s c i e n t i s t s  from SCOPE p a r t i c i p a t e  i n  the  i n i t i a l  planning and f e a s i b i  li t y  

phase o f  the  f l e d g i n g  MAB programme on the  r o l e  o f  ecotones i n  aquatic 



1 andscape management and res to ra t i on .  L i  kewi se, t he  working group 

recomnended t h a t  SCOPE estab l  i sh a s c i e n t i f i c  advi sory comnittee t o  d i r e c t  

a three-year data synthesjs p r o j e c t  on ecotones, and suggested t h a t  t h i s  

SCOPE pro jec t  be conducted i n  c lose CO-operat ion w i  t h  the  MAB programme on 

ecotones and w i t h  t h e  re levan t  programme development o f  IGBP. 

INTRODUCTION 

History of the Ecotone Concept 

The not ion o f  ecotones was used by Clements (1905) t o  denote t h e  j unc t i on  

zone between two communities, where the  processes o f  exchange o r  

competition between neighbouri  ng format ions might  be read i  l y  observed. More 

recently, E. P. Odum ( 1971, pg. 157) def  i ned an ecotone as : 

"A t ransi t ion between two or more diverse c o m n i t i e s  as ,  for 

example, between forest and grassland or between a s o f t  bottom 

and hard bottom marine comunity.  I t  i s  a junction zone or 

tension b e l t  which rnay have considerabte l inear extent but i s  

narrowr t han the adjoining c o m n i t  y areas t hemse Zves . The 

ecotonat conununity comonty contains many of the  organisms of 

each of the overlapping c o m n i t i e s  and, i n  addition, organisms 

which are characterist ic of and o f ten  restr ic ted t o  the 

ecotone. Often, both the nwnber of species and the  population 

density of pome of the species are greater i n  the ecotone than 

i n  the c o m n i t i e s  f Zanking it. This tendency for increased 

variety and densi ty  u t  c o m i t y  jwzctions is known as the edge 

e f fec t  ". 
Two points o f  view have developed on the  concept o f  ecotones. One has 

placed an emphasis on genet ic  and species d i v e r s i t y  (Schonewald-Cox e t  a l .  

1983, Patten e t  a l .  1985, Rusek 1986) and invo lves  exchange o f  genetic 

material s between d i  f fe ren ' t  populat ions; i n t e r a c t i o n s  between speci es 

inc l  udi ng predat i  on (Barth01 omew 1970, Qu i  nn 19861, d i  spersal (Acherar e t  

a l .  1984, Debussche e t  a l .  1985), and a l l e lopa thy  (Mul le r  and del Moral 



1971 ) ;  consequences a t  t he  populat ion l e v e l  such as genetic 

d i f f e r e n t i a t i o n ;  and consequences o t  t he  communi t y  l e v e l  (Bel 1 amy e t  a l .  

1969, Roth 1976, S t r e l k e  and Dickson 1980). The second approach has 

emphasized the  cyc l  i ng o f  rnateri a l  s and the  f l ow  o f  energy (Peter john and 

Corre l  1 1984, Shugart 1984) and environmental mod i f i ca t i ons  (Boaler and 

Hodge 1962, White 1971, Reiners and Lang 1979, T r a n q u i l l i n i  1983). I n  some 

cases the  two approaches have been 1 inked (Davis and Mooney 1985). 

Few general t heo r ies  have been prepared. The most comprehensive 

theory - t h a t  o f  van Leeuwen (1966) (see a l so  van Leeuwen and van der 

Maarel 1971, van der Maarel 1976) - o f f e r s  a scherne f o r  c l a s s i f y i n g  

eco log ica l  boundaries and describes the  general p rope r t i es  o f  each type. 

A l  though t h i  s work i s specul a t i ve ,  some ecologi  s t s  (Margalef 1979, Hobbs 

1986) use i t  as a framework i n  t h e i r  s tudies o f  the  boundary between 

vegeta t ion  un i  t s .  A number o f  elements o f  t he  concept have been borrowed 

f r o n  Watt 's  (19471 ideas on "pa t te rn  and process", frorn Lev in  and Paine's 

(1974) n o t i o n  o f  patches, and more genera l l y  f rom t h e  development 'of 

successional theory (Clements 1916, Drury and Ni sbet 1973, Conne1 1 and 

Sl  ay ter  1977). 

Background f o r  Technical Consul tat ions 

Given the  lack  o f  general acceptance o f  a s i n g l e  theory on the  concept o f  

ecotones, a d iscussion o f  t h e  t o p i c  was h e l d  i n  e a r l y  1987. Organized 

j o i  n t l y  by t h e  I n t e r n a t i o n a l  Counci 1 o f  S c i e n t i f i c  Unions' (ICSU) 

Sci e n t i f  i c  Commi t t e e  on Problems o f  the  Envi ronment (SCOPE) and Unesco's 

Man and t h e  Biosphere Programme (MAB), a techn ica l  consu l ta t i on  on the  

concept o f  ecotones took p lace 5-7 January 1987 a t  ICSU headquarters i n  

Paris,  France. A l i s t  o f  t h e  s c i e n t i s t s  who p a r t i c f p a t e d  i n  t h i s  

consu l ta t i on  i s  g iven i n  Annex 1. 



In terest  o f  Organizations i n  Programmes o f  Ecotones 

The technical consu l ta t i on  had t r i p l e  o r i g i n s .  Recent d i  scussion w i  t h i n  

SCOPE, MAB, and the  developing Global Change programme ( I n t e r n a t i o n a l  

Geosphere-Biosphere Programme o r  IGBP) had centered on the  need f o r  a 

workable d e f i n i  t i o n  and c l  ass'if i c a t i o n  o f  ecotones (Ho1 1 and 1986). 

SCOPE. The S ix th  General Assembly of SCOPE met 9-13 September 1985, i n  

Washington, D.C., USA, noted t h e  fundamental worldwide importance o f  

ecotones and t h e  pauc i t y  o f  synthesized i n fo rma t ion  on them, and 

recommended t h a t  SCOPE e s t a b l i s h  a small ad hoc committee t o  develop as 

soon as possible a new proposa1 on ecotones. A t  t h e  19 th  meeting o f  t h e  

SCOPE Executive Committee, he ld  i n  Na i rob i  ; Kenya, on 10-11 May 1986, F. d i  

Castri reported on h i s  enquiry  on t h e  f e a s i b i  l i t y  o f  an ecotones p ro jec t .  

The Executive Commi t t e e  i n v i t e d  him t o  convene a small ad hoc group t o  

prepare a de ta i  l e d  proposa1 f o r  a study focus ing  on t h e  r o l e  o f  ecotones a s  

indicators o f  change. Also i n  May 1986, a Nat ional  SCOPE Conference 

"Ecotones - Resources o f  t h e  Genetical  D i v e r s i t y  o f  Organisms" was 

organized by the  Czechoslovak Nat ional  Commi t t e e  (CNC) f o r  SCOPE and by t h e  

Ins t i t u te  o f  Soi1 B io logy  o f  t h e  Czechoslovak Academy o f  Sciences a t  Ceske 

Budejovice (CSSR). The o b j e c t i v e  o f  t h e  conference was t o  review t h e  s t a t e  

of knowledge on ecotone problems and t o  s t imu la te  f u r t h e r  research. Three 

groups o f  papers were presented: ( 1  ) bo tan ica l  con t r i bu t i ons ,  (2) 

contributions from a s o i  1 b i o l o g i c a l  i n v e s t i g a t i o n  o f  a c l a s s i c a i  

meadow-sp'ruce f o r e s t  ecotones, and (3 )  c o n t r i b u t i o n s  on ver tebrates and 

invertebrates i n  t h e  ecotones (Rusek 1986). These events l e d  t o  t h e  present 

SCOPE p ro jec t  on landscape boundaries (Hansen e t  al., t h i s  issue) .  

W. A workshop on Land Use Impacts on Aquatic Ecosystems: The Use o f  

Scient i f ic Information " was h e l d  21-25 A p r i l  1986 i n  Toulouse, France. 

Joint ly sponsored by Unesco MAB-5 and t h e  Centre Nat ional  de l a  Recherche 

Sc ien t~ f ique (CNRS), t h e  outcome o f  t h i s  workshop was t h e  r e a l i z a t i o n  of 

the c ruc ia l  r o l e  ecotones p l a y  i n  regu l  a t i  ng t r a n s i  en t  biogeochemical 
processes and t h e  character  of t h e  l'andscape mosaic. It was agreed by t h e  
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toward answeri ng these questions, bu t  t he  cu r ren t  s t a t e  o f  knowl edge 

suggests tha t  these ru1 es may be quest i  on-speci f i c .  I f  questions about 

matching scales can be answered on ly  on the  basis o f  the  s p e c i f i c  quest ion 

being addressed, then the  proper a n a l y t i c a l  approach i s  t o  attempt t o  

expl i ca te  the  scal i ng issue w i  t h i  n the  context  o f  important  b iospher ic  

issues ( R i  sser 1985 . 

General Objectives for  Technical Consultations 

Given the agreement among members o f  t h e  i n t e r n a t i o n a l  s c i e n t i f i c  community 

as t o  the importance o f  increasing s c i e n t i f i c  knowledge on ecotones, the  

SCOPE/MAB working group was assembled i n  January 1987 t o  review in format ion  

on ecotones, and i d e n t i f y  major gaps. Three o v e r a l l  ob jec t ives  f o r  t he  

meeting were: (1 )  t o  develop a working d e f i n i t i o n  o f  ecotones; ( 2 )  t o  

prepare a c l a s s i f i c a t i o n  scheme f o r  ecotones based on operat ional  concerns; 

and ( 3 )  t o  i d e n t i f y  tes tab le  research questions. These consu l ta t ions  

provided an opportuni t y  f o r  exami n i  ng steps f o r  t he  f u r t h e r  development o f  

the MA0 p r o j e c t  on ecotones. They a lso r e s u l t e d  i n  a ser ies  o f  

recommendations on poss ib le  SCOPE a c t i v i  t i e s  on ecotones, accepted by an 

expanded session o f  t h e  Executive Committee o f  SCOPE, i n  Bangkok i n  

February 1987. A l  so d i  scussed were poss ib le  avenues f o r  CO-operat i  on 

between MAB and SCOPE w i t h  respect t o  ecotones, as we l l  as p o t e n t i a l  1 inks 

w i  t h  ICSU' s In te rna t iona l  Geosphere-Biosphere Programme. 

The purpose o f  t h i s  r e p o r t  i s t o  summari ze the  discussions o f  the  SCOPE/MAB 

working group on ecotones. The reader should bear i n  mind t h a t  the  workshop 

represented, more o r  less, a " b r a i  n-stormi ng" e f f o r t  among the  

part ic ipants. Many o f  t he  ideas inc luded i n  t h i s  r e p o r t  are pre l im inary  and 

undeveloped. They are presented i n  an e f f o r t  t o  s t imu la te  discussion and 

further research. Thi s r e p o r t  f i r s t  exami nes 1 i nkages between ecotones and 

patch dynamics theory, d e r i  ves a def i n i  t i  on f o r  ecotones, and presents 

schemes f o r  c l  a s s i f y i  ng ecotones. Then, the  possi b i  1 i t y  o f  noni t o r i  ng 1 and- 

scape boundaries f o r  assessi ng changes i n  g lobal  v a r i  ab1 es i s d i  scussed. 

Final l y ,  quest ions f o r  f u t u r e  research and recomrnendati ons are presented. 



ECOTONES AND PATCH DYNAMICS 

Eco log i s t s  have l ong  r e a l i z e d  t h a t  most e c o l o g i c a l  systems are  composed o f  

severa l  d i  s t i  n c t  components and a re  thus  heterogeneous. Clements (1936) , a 

al 
descr ibed t he  pa tch  s t r u c t u r e  o f  vege ta t i on  a t  severa l  d i f f e r e n t  s p a t i a l  : 
scales. Watt (1947) expanded on t h i s  approach by cons ide r i ng  pa tch  tu rnover  3 

n 

i n  t ime as w e l l  as space. The concept o f  "pa tch  dynamics" i s  now w e l l  : 
x 

developed and landscapes a re  w ide l y  viewed as mosaics o f  patches t h a t  have 5 W 
unique p r o p e r t i e s  and f u n c t i o n  a t  d i f f e r i n g  r a t e s  (See P i c k e t t  and White 

+ 

1985, f o r  a rev iew) .  Ecotones a re  s imply  boundaries between patches and, 

thus, a re  prominent f e a t u r e s  o f  heterogeneous e c o l o g i c a l  systems. 

The f o r c e s  t h a t  c r e a t e  and des t roy  patches and ecotones i n  landscapes 

i n c l u d e  d is turbance,  b i o t i c  processes, and environmental  c o n s t r a i n t s  (Lev in  

1978). These agents occur a t  a v a r i e t y  o f  s p a t i a l  and temporal scales - ., = 
(F igu re  1 ) .  As e l u c i d a t e d  by Urban e t  a l .  (1987, pg. 119) :  - O - 

"Disturbances range from the Zocalized effects of an individual Y 

< 
'J 

death to the large-scale effects of wildfires, drought, and a - 
< 
K 

epidemic disease. Biotic, or regenerative, processes also Vary t 
3 

in scale from the regrowth of an individuat to the C 

reorganization of species assemblages. Environmental 

constraints include microclimatic and fine-scale soit 

conditions governing seed germination, and atso subcontinentat 

climatic regimes that delineate biomes, such as the Eastern 

Deciduous Forest. " 
Th i s  pe rspec t i ve  seems use fu l  f o r  understanding severa l  t ypes  o f  eco log i ca l  

systems. I nhe ren t  i n  t h i s  v iew i s  t h a t  ecotones occur  a t  a v a r i e t y  o f  

s p a t i a l  and temporal sca les  (van der Maarel 1976) and have p r o p e r t i e s  t h a t  

are, a t  l e a s t  p a r t i  a l  ly, sca l  e dependent. 

From an e v o l u t i o n a r y  p o i n t  o f  view, ecotones have been thought  t o  be 

impor tan t  f o r  t h e  o r i g i n  (Mayr 1982, Vruba 1985) and s u r v i v a l  (Diamond and 

May 1981, Jen ik  1983) o f  b i o t i c  species. Wi th  t h e  r e t r e a c  o f  t h e  ice-sheets  

du r i ng  t h e  Holocerle, changing c l i n a t e s  a l lowed many p l a n t s  t o  expand t h e i r  
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r e  1. (a) Disturbance regimes, (b) f o r e s t  processes, (c) environmental 

constraints, and (d) vegetat ion pat terns,  vieued i n  the  context  o f  

space-the doaains. l o d i f i e d  f r o i  Delcourt  e t  a l .  (1983). From Urban e t  

a l .  (1987)- By permission o f  the American I n s t i t u t c  o f  B i o l o g i c a l  

Sciences. 



ranges northwards (Davis 1981 and 1983, Huntley and B i r ks  1983). I n  some 

cases, vegeta t i  on assembl ages have been accurate ly  reconstructed through 

studies i n  space and time, and changes have been analyzed as ecotone 

dynamics ( G r i m m  1983). Studies o f  t r e e  populat ion demography have a l  1 owed 

analyses o f  the  consequences o f  small c l i m a t i c  f l u c t u a t i o n s  on mountainside 

t r e e  l i n e s  (Payette and F i l i o n  1985, Kullman 1986). 

I n  add i t i on  t o  the  more obvious spatio-temporal mosaics t h a t  occur a t  the 

1 andscape/communi t y  l e v e l  , there  can a l  so ex i  s t  substant i  a l  heterogenei t y  

w i t h i n  species and populat ions. This heterogenei ty  i s  o f t e n  mani fest  a t  the 

l e v e l  o f  phys io log ica l  l y  and/or genet ica l  l y  d i s t i n c t  groups, each o f  which 

i t s e l f  appears homogeneous when viewed a t  the  community l e v e l .  For example, 

McNei l ly  (1968) looked a t  the  community w i t h i n  and surrounding a small 

copper mine i n  North Males, U.K. The area i n s i d e  the  mine boundary i s  

heav i l y  p o l l u t e d  by mine s p o i l  w i  t h  very li t t l e  p l a n t  cover. There i s  a 

sharp boundary across which the  t o x i c  waste i s  replaced by permanent 

pastures growing on unpol l u t e d  soi 1 S. The mine boundary c l e a r l y  i s  an 

ecotone separat ing two d i s t i n c t  communities. One grass, Agros t is  tenuis,  

transcends the  ecotone bu t  has g e n e t i c a l l y  d i s t i n c t  ecotypes i n  each 

community. I n  t he  ecotone both genet ic  va r i an ts  are found due t o  a l i m i t e d  

exchange o f  genes v i a  sexual reproduct ion and seed dispersa1 i n  t he  two 

"popul a t i  ons". 

The func t i on ing  o f  an ecotone in f luences both t h e  in te rna1 p rope r t i es  o f  

t he  ecotone, and t h e  p rope r t i es  o f  adjacent patches. Boundaries are o f ten  

l oca t i ons  where t h e  r a t e s  o f  eco log ica l  t r a n s f e r s  change abrupt ly  i n  

r e l a t i o n  t o  those w i  t h i n  patches (Wiens e t  a l .  1985). Hence, ecotones can 

be thought o f  as patches having p rope r t i es  t h a t  d i f f e r  f rom o ther  system 

components. They are, f o r  exampl e, o f t e n  p a r t i c u l  a r l y  r i  ch i n  resources, 

support h i  gh product i  v i  t y  , and are s t r u c t u r a l  l y  v a r i  ab1 e (Forman and Godron 

1986). These features p a r t i  a l  l y  expl a i  n why producers and consumers are 

abundant and d i  verse i n ecotones. Ecotones i n f  1 uence adjacent patches by 

e x e r t i  ng c o n t r o l  over eco log ica l  t rans fers .  W i  ens e t  a l .  ( 1  985) 1 i kened 

boundaries t o  the  membranes o f  organisms i n  t h a t  they Vary i n  permeab i l i t y  



or res i  stence t o  'f 1 ows o f  energy, mater i  a l  s, organi sms, and in format ion.  

For example, f i e l d s  separat ing woodlots may ac t  as b a r r i e r s  t o  the  

d i  spersal o f  small mammal s (Wegner and Merr i  am 1979). A l  so, d i  sturbance 

events tha t  d i s rup t  patches may be e i t h e r  dampened o r  promoted by ecotones 

(Forman and Godron 1986). Addi t i o n a l  s tud i  es o f  ecotone p rope r t i  es and 

the i r  inf luences on patch f u n c t i o n  and s t r u c t u r e  w i  11 undoubtedly improve 

Our understanding o f  eco log ica l  systems. 

Humans, o f  course, have played a major r o l e  i n  d r i v i n g  t h e  dynamics o f  many 

1 andscapes (Barker 1985, Del cou r t  1987). Some human a c t i  v i  t i e s  may mimic 

natural disturbances and be o f  l i t t l e  concern ; others  are unique i n  k i n d  

or scale and, consequently, have dramatic repercussions (Urban e t  a l .  

1987). Greek and L a t i n  c i v i  l i z a t i o n s  brought about f o r e s t  des t ruc t i on  i n  

the c i  rcum-Medi terranean area (Thi rgood 1981, Mei ggs 1982). Simi l .a r ly ,  

human land use p rac t i ces  a l  ong the  sub-hurnid/humid t r a n s i t i o n  zone i n  

Afr ica have s t rong ly  in f luenced the  l o c a t i o n  o f  t he  savanna/forest boundary 

(Hopkins 1983). Human a c t i v i t i e s  sometimes reduce landscape heterogeneity.  

For example, Stream channe l iza t ion  o f t e n  reduces t h e  number o f  ecotones i n  

a r i v e r  va l l ey  (Johnston e t  a l .  1982, Hol land and Burk 1984, Sedell and 

Frogatt 1984) (F igure 2 ) .  Likewise, in tense de fo res ta t i on  may lead t o  a 

reduction i n  the  number and 1 ength o f  grassl  and l fo res t  ecotones (Darby 

1956, Bosson-Lamoui 1 l e  e t  a l .  1980, Bouchet e t  a l .  1980, Burgess and Sharpe 

1981) (F igure 3) .  Conversely, 1ow t o  moderate l e v e l s  o f  f o r e s t  

fragmentation ( C u r t i s  1956, Burgess and Sharpe 1981, Whi t ford 1983) may 

increase the  number o f  ecotones present. Considerat ion o f  t h e  unique 

effects of some human a c t i v i t i e s  on landscape dynamics i s  essent ia l  t o  the  

study o f  ecotones. 



Willamette Rlver, Oregon 

Figure 2. The Mil lamette River,  Oregon, USA, f r a i  the McKenzSe River confluence t o  

Harrisburg, shouing reduction o f  mul t ip le  channels and loss o f  shoreline 

1854-1967. From Sedel l  and Frogatt  (1984). by permission o f  E. 

Schueizerbart'sche Verlags buchhand lung (Stuttgart) .  



F i g u r e  3. Changes i n  uooded area o f  Cadiz Tounship. Green County, Yisconsin, 

during the period o f  European se t t l e ien t .  The shaded areas represent the 

land re ia in ing  in ,  or  rever t ing to. forest  i n  1882, 1902. and 1950. F r o i  

Curt is 1956, by permission o f  the University o f  Chicago Press. 
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The simultaneous c a l 1  f o r  study o f  ecotones by SCOPE, MAB and IGBP suggests 

the widespread recogn i t i on  o f  the  importance o f  ecotones. This  importance 

i s  based on f o u r  supposit ions: t h e  number o f  p u t a t i v e  c h a r a c t e r i s t i c s  o f  

ecotones t h a t  are s i g n i f  icay i t  i n  understandi ng eco log ica l  systems i n  

general; t he  assumption t h a t  ecotones are h i g h l y  suscept ib le,  and are thus 

good e a r l y  i n d i c a t o r s  o f  changes; t h e  p o t e n t i a l  s i gn i f i cance  o f  ecotones 

f o r  prudent ly  managing t h e  biosphere; and the  recognized r e l a t i v e  pauc i ty  

of  data from ecotones. 

Studies o f  ecotones have been undertaken, bu t  few general theor ies  about 

ecotones have been prepared. Hi  s t o r i  c a l  l y ,  s tud i  es o f  ecol ogi c a l  systems 

have concentrated on t h e  i nte rna l  po r t i ons  o f  r e l  a t i  v e l y  homogenous s i  tes ,  

and few inves t i ga t i ons  have focused on t h e  boundary o f  t r a n s i t i o n a l  s i t e s  

(Le Cren and Lowe-McConnel 1980). Thus, t he re  i s a comparative 1 ack o f  data 

from ecotones, and, furthermore, comparat ively few techniques e x i s t  f o r  

expl i c i  t l y  measuri ng t h e  dynamic processes cha rac te r i  s t i c  o f  ecotones. 

General understandi ng o f  t h e  p r i  n c i  p l  es appl i cab1 e t o  ecotones w i  11 depend 

upon the c o l l e c t i o n  and i n t e r p r e t a t i o n  o f  data from ecotones throughout t he  

world. Likewise, t he re  i s  a need f o r  b e t t e r  - s t a t i s t i c a l  s tudies o f  

gradients and t ime-ser i  es analyses. 

It i s  d i f f i c u l t  t o  adequately descr ibe the  dynamics o f  any eco log ica l  

system wi thout  d e l i n e a t i n g  t h e  boundary cond i t ions .  I n  order t o  prov ide a 

quant i ta t i ve  scheme, i t becomes important  f o r  ecology t o  f o l  low e x p l i c i t  

mathematical ru les ;  t h a t  %s, so l  u t i o n s  t o  problerns depend upon s t a t i  ng 

boundary condi t ions.  Mode1 l e r s  a l  ready do f o l  1 ow expl i c i  t mathematical 

rules; however, i n  g e p r a l ,  mathematical r u l e s  are no t  always foll 'owed f o r  

more empir ica l  f i e l d  s tud i  es. 

Despite the  r e l a t i v e  pauc i t y  o f  data, t he re  are a number o f  c h a r a t e r i s t i c s  

o f  ecotones thought t o  be important  i n  understanding eco log ica l  systems. 

Examples o f  c h a r a c t e r i s t i c s  o f  some ecotones i nc lude  the  fo l low ing:  



elevated abundance o f  resources; important con t ro l  po in t s  o f  energy and 

mater i  a l  pathways (Peter john and Correl  1 1984) ; po ten t i  a1 l y  sens i t i ve  s i  tes 

f o r  s tudy i  ng the  i n t e r a c t i o n s  o f  b i o l o g i ~ a l  populat ions and t h e i r  

c o n t r o l l  i n g  var iables;  support o f  r e l  a t i v e l y  h igh  b i o l o g i c a l  d i v e r s i  t y  

(Pat ten e t  a l .  1985); maintenance of c r i t i c a l  h a b i t a t s  f o r  a number o f  

species (Johnston. and Odum 1956); and refuge and source reg ion  f o r  

ag r i cu l  t u r a l  pests and predators. Other charac ter i  s t i c s  which may be 

spec i f i c  t o  a p a r t i c u l a r  type o f  ecotone i nc lude  : s i t e s  f o r  l ong i tud ina l  

m ig ra t i on  (e.g. windbreaks), i n f l uence  on c l  ima t i c  regime o f  the 

surroundi ng area/soi 1 cond i t ions  (e.g. f o res t /g rass l  ands ecotones) , and 

genet ic  pool f o r  surrounding eco log ica l  systems and s i t e s  f o r  ac t ive  

micro-evol u t i o n  (e.g. f o r e s t / a g r i c u l  t u r a l  f i e l d  ecotone) . 

I n  p a r t  because o f  these cha rac te r i s t i cs ,  ecotones are p o t e n t i a l l y  

important  i n  t he  j ud i c ious  management o f  t he  biosphere. I f ,  f o r  example, 

ecotones prove t o  be e f f e c t i v e  c o n t r o l s  i n  t he  movment o f  ni trogen, 

phosphorous and o the r  ma te r i a l  across t h e  landscape, then management o f  the 

ecotones wi11 be inst rumenta l  i n  determining the  l oca t i ons  o f  these 

ma te r ia l s  i n  t e r r e s t r i a l  and aquat ic  environments (Wiens e t  a l .  1985, Pinay 

1986, Johnston and Naiman 1987). S im i l a r l y ,  i f  ecotones harbour a 

p a r t i c u l  a r l y  1 arge number o f  species, then ecotones .becorne very important 

i n  managing the  b i o d i v e r s i t y  o f  t he  biosphere. 

While i n  t he  past work has been undertaken on the  i d e n t i f i c a t i o n  o f  

ecotones, s c i e n t i s t s  now agree t h a t  there  i.s a need t o  look a t  changes over 

t ime. As l i n e s  o f  t r a n s i t i o n  ( o r  boundaries), ecotones o f t e n  appear very 

c l e a r l y  on s a t e l l i t e  imagery (Gonzales and Casanova 1987). Therefore, 

dur ing  the  l a s t  several years, remote sensing has proven t o  be a useful  

t o o l  i n  i d e n t i f i c a t i o n  o f  ecotones throughout t he  world. White and 

MacKenzie (1986) present a de ta î l ed  analys is  o f  t h e  manner i n  which high 

reso l  u t i o n  remote sensi ng approaches can be coup1 ed t o  de ta i  l e d  knowl edge 

o f  vegetat ion d i s t r i b u t i o n  and communi ty  processes on the  ground. Dyer and 

Crossley (1986) warn t h a t  al though the re  i s  T i t t l e  doubt about t he  need fo r  

a major programme coup l ing  remote sensing and ecology, i t i s  no t  e n t i r e l y  



clear how such a programme should be constructed because interconnect ions 

between the d i  verse d i  sc i  p l  i nes are tenuous. Thus, a moni t o r i  ng programme 

designed s p e c i f i c a l l y  f o r  ecotones, tak ing  i n t o  account the  s p e c i f i c  

character is t ics of zones under study and the  cont inu ing progress on 

technology development f o r  remote sensing, has y e t  t o  be launched. 

Humans have a substant ia l  economic and ecological  investment i n  ecotones. 

For instance, windbreaks are thought t o  be economical l y  val  uable: they 

modify the a i r  temperature o r  humidi ty  o f  t he  so i1  i n  a p o s i t i v e  o r  

negative way depending on t h e i r  p o s i t i o n  and according t o  the  environment 

(SCOPE 1986). As c u l t i v a t i o n  and c i v i  1 i z a t i o n  expand the re  are concomitant 

changes i n  the  r a t i o s  o f  edge t o  surface area and patch volume (Johnston 

and Naiman 1987). Thi s change i s proceedi ng w i  t hou t  s u f f  i c i e n t  in format ion  

on the b i o t i c  i m p l i c a t i o n  o f  such change. 

Natural resource managers need t o  consider the  r o l e  o f  ecotones i n  

conjunction w i t h  a v a r i e t y  o f  o ther  fac to rs .  However, ecotones have 

pract ical imp l i ca t i ons  f o r  t he  management o f  na tura l  environments, 

including: 

- Ecotones p lay  an important r o l e  i n  regard t o  predat ion phenomena and ( i n  

general) i n  b i o l o g i c a l  con t ro l  . They c o n s t i t u t e  a refuge zone f o r  c e r t a i n  

depredators o f  trees; they can a lso be " reservo i rs "  f o r  parasi tes o f  crop 

pests; 

- The reproduction' o f  many species o f  cynegetic importance takes place i n  

ecotone zones (semi -aquatic environments) o r  i s  more common there  

(ungulates, rodents) . The management o f  h u n t i  ng t e r r i  t o r i e s  must take 

account o f  these facts;  

- The boundary zones o f  na tu ra l  parks can e i t h e r  improve preservat ion o r  

consti t u t e  d i  sturbance zones. The i r  r o i  e i n the  maintenance o f  b i o l  ogi  ca l  

d i ve rs i t y  needs t o  be c a r e f u l l y  s tudied (Schonewald-Cox e t  a l .  1983, 

Sou1 é 1983, .SCOPE 1986 . 



CLASSIFICATION OF ECOTONES 

Fundamental t o  developi ng a theoreti'cal framework 1 eadi ng t o  increased 
understandi ng of ecotones i s a useful functional cl assi f ication. Because 
the working definition we are using for ecotones i s  relatively abstract, 
t h i s  c lassif icat ion should be designed to promote theory development. There 
are many possible c r i t e r i a  which could be employed i n  the classification of 
ecotones. We shall f ocus on two approaches. One di s t i  n g u i  shes between 
events that  cause or maintain ecotones. The other approach involves the 
structure and function of ecotones themselves. Our  primary purpose here i s  
t o  challenge present thinking on ecotones and to  stimulate discussion. 

Events that  create or maintain ecotones may be caused by humans or by 
natural processes. Furthernore, these events may be internal t o  one ecotone 
or external t o  i t .  Figure 4 depicts four cases of controls for  origination 
and maintenance of ecotones, and gives an example of each of these cases. 
For instance, the ecotone between a beaver (Castor canadensis) pond and i t s  
adjacent forest  i s  determined by the interaction of a variety of natural 
vari ab1 es,  i ncl udi  ng nature of resources, predation pressure, and 
geomorphology of the region (Johnston and Naiman 1987). On the other hand, 
s t r ip s  of r i  parian fores t  may be retained in an agricul tural  landscape by 
1 ocal resi  dents. Such ecotones are mai ntai ned by human control s ,  external 
t o  the ecotone. 

D i  s t i  n g u i  shi ng between external and i nternal causal mechani sms i s important 
fo r  the study and management of ecotones. Ecotones may be categorized 
accordi ng to  the response of the bi 01 ogical vari able of i nterest (response 
variable) to  some control ling variable. An ecotone appears as a relatively 
large change of the response variable over a small interval and may be 
generated by external or internal factors (Flgure 5 ) .  



Mai ntenance 

Human Natu ra l  

T r a n s i t i o n  zones around Wetl and t r a n s i  t i  ons zones 

Human t r o p i c a l  ponds bu i  l t  and t h a t  f o rm  around r e s e r v o i r s  

mai n t a i  ned f o r  f ood  w i t h  c o n t r o l l e d  water l e v e l  

p roduc t i on  r e g i  mes 

Ori g i  n  

S t r i p s  o f  r i p a r i  an f o r e s t  T r a n s i t i o n  zones around 

Natural r e t a i n e d  i n  an a g r i c u l t u -  beaver ponds 

r a l  1  andscape 

Figure 4. A scheie f o r  c l a s s i f y i n g  ecotones t h a t  distinguishes betueen ecotones 

caused and ia in ta ined by huian versus n a t u r a l  iechanisis.  Exaiples are given i n  

each cel l .  

If the response v a r i  ab l e  i s  p r o p o r t i o n a l  ly r e l a t e d  t o  t h e  c o n t r o l  v a r i  ab l e  

(Figure 5, Type 1 an ecotone can occur o n l y  i f  t h e r e  i s  some 

d iscont inu i ty  i n  t h e  c o n t r o l  v a r i a b l e  (e.g., a  steepening o f  t h e  so i1  

moisture g rad ien t  due t o  a  catena e f f e c t ) .  I n  t h i s  case, t h e  ecotone i s  

naintained by e x t e r n a l  c o n t r o l .  

A l ternat ive ly ,  t h e  b i o l o g i c a l  v a r i  ab l e  may exh i  b i  t a  d i  scont inuous response 

to the g rad ien t  o f  t h e  c o n t r o l  v a r i a b l e  (F i gu re  5, Type 2 ) .  Here an ecotone 

can occur even a long a srnooth c o n t r o l  g rad ien t .  The ecotone i s  generated by 

factors i n t e rna1  t o  t h e  e c o l o g i c a l  system (e.g. successional  processes 

f o l  lowing n a t u r a l  t r e e  death . 

Interna1 f a c t o r s  may a l  so produce a  h y s t e r e t i  c  r e l  a t i  onshi  p  between t h e  

response and c o n t r o l  var1 ab1 es (F i gu re  5, Type 3 ) .  Once agai n, an ecotone 

can occur along a  smoothly changing c o n t r o l  v a r i a b l e .  The l o c a t i o n  o f  t h e  



ecotone i s  h i s t o r y  dependent. For example, t he  p o s i t i o n  o f  t he  ta iga / tundra  

boundary occurred a t  a lower temperature i s o c l i n e  as g loba l  temperatures 

dropped d u r i  ng the  P l  e.i stocene than when temperatures i ncreased d u r i  ng the  

Holocene. This h y s t e r e t i c  e f f e c t  was due t o  t h e  presence o f  permafrost when 

temperatures began t o  r i s e .  I n  another example, a "zone o f  hys teres is "  

e x i s t s  i n  communities o f  t h e  Caucasus f o r e s t  when the re  are analogous 

feedback s t ruc tu res  no t  on l y  due t o  changes i n  t ime, bu t  a lso  i n  space, on 

one o r  on both sides o f  t he  l i m i t s  f o r  a na tu ra l  landscape (Armand 1985). 

The d i s t i n c t i o n  between ex terna l  and in te rna, .  c o n t r o l l i n g  va r iab les  have 

important  i m p l i c a t i o n s  f o r  management. For instance, one impor tan t  example 

o f  an ecotone i s  t h e  boundary between a g r i c u l t u r a l  land and na tu ra l  

ecosystems. General ly  these ecotones can be thought o f  as a Type 1 response 

(F igure  5 )  i n  which human management a c t i v i t i e s  c rea te  the  d i s c o n t i n u i t y  i n  

t he  c o n t r o l  var iab le .  When these human a c t i v i t i e s  are  re laxed o r  ceased, 

succession processes would tend t o  r e s t o r e  t h e  system t o  a s t a t e  i n  which 

the  ecotone would disappear. Type 2 o r  Type 3 ecotones would p e r s i s t  

w i  t hou t  management. I n  Type 3 systems, i f  management d isp laced an ecotone 

t o  a new pos i t i on ,  t h e  ecotone would remain i n  i t s  new p o s i t i o n  even i f  the  

management were ceased. Thus, t he  responses o f  t he  th ree  ca tegor ies  o f  

ecotones t o  management are d i f f e r e n t .  

The di f ferences between ecotones created o r  mai n ta ined by i nte rna l  versus 

ex terna l  mechanisms o r  by human versus na tu ra l  phenomena are p a r t i a l l y  due 

t o  d i f f e rences  i n  sca le  between these phenomena. C lear ly ,  events t h a t  are 

r e l a t i v e l y  frequent,  l a r g e  i n  area, o r  i n tense  w i  11 main ta in  g reater  

cont ras ts  between an ecotone and adjacent eco log ica l  systems than w i l l  

events t h a t  are o f  l esse r  scale. Thus, ecotones can be c l a s s i f i e d  more 

p r e c i s e l y  by quant i fy ing  t h e  temporal scales, s p a t i a l  scales and the  

magnitudes o f  t he  events t h a t  cause o r  main ta in  them. F igu re  6 l i s t s  some 

va r iab les  usefu l  i n  t h i s  regard. 



ECOTONE FEATURES 
- .  

1 Ecotone can occur  o n l y  i f  t he re  i s  some 
d i  scon t i nu i  t y  i n  t h e  c o n t r o l  v a r i  ab le  ( f o r  

example, steepeni ng o f  so i  1  moi s t u r e  

g r a d i e n t )  . Ecotone i s  mai n t a i  ned by ex te rna l  

RESPONSE 
VARIABLE 

I- c o n t r o l .  There i s  no ecotone w i t hou t  t h i s  
\ 

GRADIENT OF 
CONTROL VARIABLE 

d i  scon t i  nu i  t y .  

RESPONSE 
VARIABLE 

Ecotone can occur even along smoothly 

changi ng c o n t r o l  v a r i  ab1 e. Fac to rs  i n t e r n a l  

t o  t h e  eco log i ca l  system generate ecotone 

1 ( f o r  exampl e, successi  onal processes 
f o l  l ow ing  n a t u r a l  t r e e  dea th ) .  

GRADIENT OF 
CONTROL VARIABLE 

I ecotone l see t e x t  f o r  exampl e) . 
GRADIENT OF 
CONTROL VARIABLE  

Ecotone can occur  even along smoothly 

Figure 5. Theoretical 3-level functional categorization of etotones. 

RESPONSE 
VARIABLE 

changi ng c o n t r o l  v a r i  ab1 e. Loca t ion  o f  t h e  

ecotone i s h i  s t o r y  dependent. Fac to rs  

i n t e r n a l  t o  e c o l o g i c a l  system generate 



TEMPORAL SCALES 

Frequency - occurrences per u n i t  t ime. 

Durat ion (Longevi ty)  - l eng th  o f  t ime over which an 

event has been repeated. 

SPATIAL SCALE 

Size - p ropo r t i on  o f  ecotonal area o r  

volume in f l uenced  by t h e  event. 

Shape - the  shape o f  t he  .ecotonal reg ion  

i n f l uenced  by t h e  event. 

MAGNITUDE 

I n t e n s i t y  - the  s t rength  o r  magnitude 

o f  t h e  event. 

Sever i ty  - the  s t reng th  o r  magnitcde 

o f  response by the  b i o t a  

t o  t h e  event. 

F i g u r e  6. Soie var iab les  t h a t  are usefu l  f o r  quanti fying the  scale o f  the  ever ts  

t h a t  create  o r  maintain ecotones. 

Considerat ion o f  sca le  i s p a r t i c u l  a r l y  r e l e v a n t  t o  d i f f e r e n t i  a t i n g  between 

some human impacts and na tu ra l  events f o r  t h r e e  reasons. F i r s t ,  humans 

sometines a l t e r  t h e  scale o f  na tu ra l  agents t h a t  c rea te  o r  mainta in 

ecotones (Urban e t  a l .  1987). F i r e  suppression programmes, f o r  example, 

o f t e n  r e s u l t  i n  l e s s  f requent  b u t  more in tense f i r e s  than under na tura l  

cond i t ions .  Second, humans have in t roduced new types o f  phenornena t h a t  are 

f u n c t i o n a l l y  s i m i l a r  t o  na tu ra l  events bu t  are o f  g rea te r  scale. Timber 



harvest typically occurs a t  an intensi ty,  frequency, and spatial scale that 
creates more numerous and more abrupt ecotones than wi ndthrow. Thi rd, 
humans have introduced phenomena that  have no natural counterparts (e.  g.  

urbanization). Much of the biota i s  poorly adapted t o  these novel 
phenomena. Consequently, the biota often respond more dramatically to these 
regimes than to those of greater longevity. 

Development of theory on ecotones can al so be enhanced by cl assi f i  cation 
schemes based on the structure and functioning of ecotones. Such an 
approach has been implemented in the classification of ecosystems w i t h  some 
success (Sins, Singh and Lauenroth 1978). Some o f  the variables that  may be 

useful are l isted below. 

Structural Vari ab1 es 

Size - the area or vol ume of the ecotone relat ive to  the si  ze of the 
adjacent ecological systems and the spatial scales of flows 

between ecol ogi cal systems. 

Shape - e.g., linear or circular.  Landscape ecologists are increasing- 
ly exploring the relationships between patch shape, patch vo- 
lume, and rates of flows across and along patches (Forman and 

Godron 1986). This seems particul arly applicable to ecotones. 

Biotic 
Structure - e.g. distribution of biomass or density of dominant organisns. 

Structural 
Contrast - the extent of difference between the ecotone and the adjacent 

b 

ecological systems in biotic structure. 



Funct i  onal Vari  ables 

S t a b i l i t y  - degree t o  which the  ecotones r e s i s t  change under s t ress.  

Res i l iency  - r a t e s  a t  which ecotones r e t u r n  t o  an i n i t i a l  cond i t ion  

f o l l o w i n g  s t ress .  

Energet ics - e.g. p r o d u c t i v i t y  o f  dominant organisms, and f l o w  o f  matter 

and energy between ecotone and i t s  surroundings. 

Funct ional  

Contrast - t h e  ex ten t  o f  d i f f e r e n c e  i n  t h e  f u n c t i o n a l  va r i ab les  above 

between ecotones and adjacent eco log ica l  systems. 

I t  appears t h a t  t he  c l a s s i f i c a t i o n  approaches descr ibed above may be useful  

f o r  understandi ng and managing ecotones. C lear ly ,  ref inements o f  these 

schemes w i l l  be needed f o r  r e s o l v i n g  s p e c i f i c  quest ions about ecotones. 

.However, t h i  s  c l  ass i  f i c a t i o n  scheme may prove h e l p f u l  i n  s t imu l  a t ing  

d i  scussion 1  eadi ng t o  devel opment o f  gen-eral t h e o r i  es about t he  ecotone 

concept. 

MONITORING OF ECOTONES FOS? ASSESSING GLOBAL CHANGES 

The ex ten t  t o  which ecotones may be a f f e c t e d  by g loba l  changes (e.g, 

increases i n  atmospheric COp) i s  a t  t he  present  t ime no t  p red ic tab le .  This 

s i t u a t i o n  can be improved by f i n d i n g  a  neans o f  r e l a t i n g  b i o t i c  processes 

t h a t  we understand ( f rom ground measurements) t o  1  arger-scale pa t te rns  tha t  

we can measure r a t h e r  e a s i l y  through s p a t i a l  remote sensing techniques. 

Only r e c e n t l y  have s c i  e n t i  s t s  attempted t o  expl  a i  n  such r e l  a t i onsh i  ps 

between p a t t e r n  and process. 

Remote sensing suppl ies a  way o f  o b j e c t i v e l y  measuring l i n e s  o f  t r a n s i t i o n  

( o r  boundaries) a t  several s p a t i a l  reso lu t i ons  and o f  t r a c k i  ng vegetat ion 

changes on a  q u a n t i t a t i v e  basis .  A t  t h e  present  t ime, s a t e l l i t e  remote 



sensing operat ing i n  t h e  v i s i b l e  and near i n f r a r e d  spec t ra l  domain, al lows 

noni to r ing  t e r r e s t r i  a l  fea tures  w i  t h  s p a t i a l  reso lu t i ons  rang i  ng from IO-' 

ha (SPOT) t o  10' ha (NOAAIAVHRR) .  Ef fec t ive  temporal ra tes  o f  data 

ava i lab i l i t y  depend on c loud coverage ; t y p i c a l  l y ,  c loud-free data may be 

obtained on a weekly basis  (NOAAIAVHRR) o r  a seasonal basis  (LANDSAT, 

SPOT 1 . 

The observation data sets are general l y  d i f f e r e n t  f o r  t he  ground-based 

approach which considers numerous vegetat ion and envi ronmental v a r i  ables ,. 
and the remote sensing approach which prov ides on ly  a l i m i t e d  number o f  

measurements ( r e f  l e c t e d  radi ances a t  spec i f  i c  wavelengths 1. ~owever  

ecotones may be def ined i n  both cases by t h e  same r i g i d  c r i t e r i a  : steep 

gradients o r  break po in t s  i n  t h e  measurements'. Furthermore, i t seems 1 i k e l y  

that both approaches can be successful  l y  1 inked on one o r  more scales, v i a  

common s ta te  var iab les .  Leaf area index may prove a usefu l  l i n k i n g  

variable, because t h e  index ( o r  a surrogate)  can be est imated us ing e i t h e r  

on-site measurements o r  remote imagery. 

Detection o f  changes may be based on s t r u c t u r a l  o r  f u n c t i o n a l  c r i t e r i a :  

- spatial s t ruc tu re  

local variance (Woocock and S t r a h l e r  1987) may serve w e l l  here as an 

indicator o f  change. This  approach w i  11 a l  low the  t e s t i n g  ,of mode1 s o f  

vegetation o r  1 andscape s p a t i a l  p a t t e r n  which i s qua1 i t a t i  ve l y  superi o r  

t o  past s tudies because i t  w i l l  be based on t h e  complete inventory  o f  

that pa t te rn  (White and MacKenzie 1986). 

- functional components 

it i s  necessary t o  determi ne more p r e c i s e l y  t h e  r e l  a t i  onshi ps between 

remotely sensed spec t ra l  vegeta t ion  i nd i ces  (SVIs) and canopy b iophysical  

paraneters. SVIs were shown t o  be r e l a t e d  t o  ' i n te rcepted 

photosynthet ical ly a c t i v e  rad ia t i on ,  b u t  a l so  t o  the  canopy p o t e n t i a l  

t ranspi rat ion (Sel l e r s  1985) ; 'i t i s t h e r e f o r e  p o t e n t i a l  l y  poss ib le  t o  use 

SVIs t o  est imate t h e  g loba l  photosynthet ic  capac i ty  and the  capaci ty  t o  

transpire o f  a l and  surface. 



A monitoring programme of ecotones based on remote sensing should consider 
the following requirenents : 

1 . Optimi z a t i  on of spati a l  resol u t i  on 

Sharp boundaries are easi ly detected on satel 1 i t e  imagery; more 
gradua1 transition areas require h i g h  spatial resolution d a t a  i n  order t o  
characterize spatial aggregation patterns; the use of airbone data, 
including video imagery obtained from a l i g h t  a ir  plane (Meisner 1986) 
could improve the correlation, between ground measurements and remotely 
sensed data ; more generally, the consideration of multiresolution data i n  
a geometric series (i .e.  pixel sizes of 6m, 1311, 30m and 80m used by White 
and MacKenzie 1986) should be recommended, in view of understanding nested 
spatial patterns a t  different scales and of relating local studies t o  
regi onal or global studi es. 

2 .  Optimization of spectral resol ution 
A t  least two spectral channels (red and near infrared) are needed 

t o  detect and quantify heal thy green vegetation amount and distribution; 
more channel s could gi ve valuable information on the physiological status 
of vegetation ( i  .e. shortwave infrared channels of LANDSAT-TM); the planned 
development of high resolution imaging spectrometry (airbone experiments in 
view of operational use w i  t h  orbi ta1 space around 1994-95) could lead to a 
better link between renote sensing data and ecophysiological data, offering 
new possibilities for the detection of precursors of ecosystem changé 
(Waring e t  a l .  1986). 

3 .  Operational use of registration procedures 
The study of temporal changes l ies in the accuracy of the integra- 

tion of multidate remote sensing data with ancillary data ( i  .e. digital 
terrain mode1 ) ; from such geocoded data bases, data can be di spl ayed a t  a 

variety of scales, revi sed and reproduced easi ly, enhanci ng vegetati on 
changes or trends. 

4. Development of expl ici t spatial models of vegetaion dynamics 
Remote sensing data, i n  spite of their spatial nature, are gene- 

ral ly processed on a pixel -by-pixel basi s ,  wi t h o u t  taki ng into account 
spatial information (texture or structure) ; on the other hand, vegetation 
dynamics studies often suffer from chronical l y  undersampling, and spatial 



aspects are t rea ted  on a more o r  l ess  i m p l i c i t  bas is .  Developing s p a t i a l  

models o f  vegetat ion dynamics cou ld  be based on mathematical concepts l i k e  
f r a c t a l  dimension and s e l f - s i m i l a r i t y  (Loehle 19831, g e o s t a t i s t i c a l  theory 

(Clark 19791, o r  catast rophe theory  (Saxon and Dudzinski 1984). These 

concepts may be app l i ed  t o  remote sensing data concerning na tu ra l  

boundaries (i .e. forest/neadow, evergreen/deciduous) . More general l y ,  

improved moni tor ing capaci t i e s  o f f e r e d  by remote sensing should be 

accompani ed by a t h e o r e t i c a l  e f f o r t  concerni  ng the  forma1 i z a t i  on o f  

d iscrete scene models ( S t r a h l e r  e t  a l .  1986), c l e a r l y  i n d i c a t i n g  the  

r e l  a t ionships between s p a t i a l  and temporal cha rac te r i  s t i  C S  o f  ecotones, 

vegetation w i t h  s p e c i f i c  spec t ra l  s ignatures, and sensor c h a r a c t e r i s t i c s .  

RESEARCH QUESTIONS 

I n  an e f f o r t  t o  s t imu la te  t h e  development o f  some general  t heo r i es  about 

ecotones, the  working session devoted considerable t ime t o  the  a r t i c u l a t i o n  

o f  tes tab le  research quest ions. The f o l l o w i n g  quest ions were proposed t o  

generate d iscussion w i t h i n  t h e  s c i e n t i f i c  community which w i l l  l ead  t o  t he  

design o f  new ( o r  t h e  re - focus ing  o f  c u r r e n t )  research p r o j e c t s  which can 

begin t o  address, and u l t i m a t e l y  nay answer, these quest ions. 

Question 1. To what ex ten t  can ecotones be f u n c t i o n a l  l y  c l  a s s i f i e d  so as t o  

f a c i l i t a t e  comparisons among d i f f e r e n t  ecotones w i t h  respect  t o  

o r i  gin,  s t r u c t u r e  and eco log i ca l  processes? 

Narrative: The prev ious sec t i on  " C l a s s i f i c a t i o n  o f  Ecotones" suggested t h a t  

funct ional  c l a s s i f i c a t i o n  o f  ecotones i s  essent i  a l  t o  developing a theore- 

t i c a l  framework f o r  an understandi ng o f  ecotones. One c l  assi  f i c a t i o n  

approach emphasi zed d i  s t i  ngui sh i  ng between ecotones under i n te rna l  c o n t r o l  

versus external  c o n t r o l  . I n  t h i  s exampl e, ecotones are ca tego r i  zed accor- 

ding t o  the  response o f  t he  b i o l o g i c a l  v a r i a b l e  (response va r i ab le )  t o  some 

control  l i n g  var iab le .  An ecotone appears as a r e l a t i v e l y  l a r g e  change o f  

the va r i ab le  o f  i n t e r e s t  over a smal l  i n t e r v a l  o f  space o r  t ime and may be 

generated by ex te rna l  o r  i n t e r n a l  f a c t o r s .  



Imp l ica t ions :  As discussed under " C l a s s i f i c a t i o n  o f  Ecotones", the  features 

t h a t  c rea te  and main ta in  an ecotone have important imp l i ca t i ons  f o r  

management. The boundaries between a g r i c u l t u r a l  land and natura l  ecosystems 

are a Type 1 response (F igure  5 - " C l a s s i f i c a t i o n  o f  Ecotones" sec t ion)  i n  

which human management a c t i  v i  t i  es c rea te  the  d i  scont i  nu i  t y  i n  the  response 

v a r i  ab1 e. When these human a c t i  v i  t i  es are r e l  axed o r  ceased, successi on 

processes would tend t o  r e s t o r e  the  system t o  a s t a t e  i n  which the  ecotone 

would d i  sappear. Type 2 o r  Type 3 ecotones would p e r s i s t  w i  t hou t  

management. I n  Type 3 systens, i f  management d isp laced an ecotone t o  a new 

pos i t ion ,  t h e  ecotone would remain !n i t , s  new p o s i t i o n  even i f  the  

management were ceased. Thus, t he  response o f  t he  th ree  categor ies o f  

ecotones t o  management are d i f f e r e n t .  

Tests: The ca tego r i za t i on  t h a t  has been discussed i s  intended as an 

example. Because t h e  behavior o f  an ecotone i n  response t o  manipulat ions o f  

t h e  c o n t r o l l i n g  va r iab les  may be d i f f e r e n t ,  i t  i s  poss ib le  t o  design 

exper inenta l  p ro toco ls  t h a t  can i d e n t i f y  t he  type o f  generat ing case 

(F igure  5 )  f o r  a g iven ecotone. We would l i k e  t o  know what s o r t s  o f  

ecotones occur i n  d i f f e r e n t  systems and i f  the  types a l 1  e x i s t .  Fur ther ,  

t he  development o f  a c l a s s i f i c a t i o n  o f  ecotones w i t h  a comparative, 

f unc t i ona l  bas is  c l e a r l y  needs t o  be developed beyond the  example cases 

t h a t  are shown i n  F igu re  5. 

Question 2. Do ecotones prov ide  s t a b i l i t y  f o r  t h e  resource patches they 

separate and, i f  so, a t  what s p a t i a l  and temporal h i e r a r c h i c a l  

scales do they operate? 

Nar ra t ive :  Ecotones, being created by t h e  resource patches they separate, 

e x i s t  over a v a r i e t y  o f  s p a t i a l  and temporal scales. A t  the  same time, t he  

quest ion a r i ses  as t o  what r o l e  ecotones may have i n  i n f l u e n c i n g  the  

s tab i  1 i t y  ( i  n t e g r i  t y )  o f  adjacent resource patches. L i t t l e  in fo rmat ion  

e x i s t s  on the  opt imal  s p a t i a l  and temporal aspects o f  ecotones t h a t  would 

i n f l uence  t h e  s tab i  1 i t y  o f  adjacent resource patches (Baudry 1984, Forman 

1981, Merriam 1984). 



For example, pests t h a t  d e - s t a b i l i z e  ag r i cu l  t u r a l  crops o f t e n  u t i  1 i ze 

ecotones fo r  p a r t s  o f  t h e i r  l i f e  cycles. There i s  a l  so the  occasional need 

f o r  a r t i f i c i a l  ecotones t o  support t h e  s t a b i l i t y  o f  adjacent patches ( i .e. ,  

w i  ndbreaks and r i  p a r i  an f o r e s t s )  . Fur ther  , t h e  r e l a t i o n  between the  vo l  urne 

o f  t h e  ecotone patch and i t s  edge has a pos tu la ted  i n f l uence  on genet ic  and 

b iod i ve rs i  t y  o f  t h e  adjacent patches (Merr i  am 1986). 

Impl icat ions:  Should ecotones prov ide s t a b i l i t y ,  t h e  imp l i ca t i ons  are tha t :  

(1 Management o f  s p a t i a l  arrangement ( s i  ze, pos i t i on ,  composit ion) a t  t he  

appropri a te  temporal scale would a l  low maximum u t i  1 i za t ion  o f  adjacent 

resource patches i n  an e f f i c i e n t  manner ; and 

(2) an understanding of t h e  f a c t o r s  which support t h a t  s t a b i l i t y  would 

a l low system r e s t o r a t i o n  t o  proceed r a p i d l y  w i t h  an e f f i c i e n t  use o f  

avai 1 ab1 e manpower and resources . 

Tests: Test o f  pos tu la ted  c h a r a c t e r i s t i c s  w i l l  depend upon the  nature o f  

the key resources separated by t h e  ecotone and the  type o f  s t a b i l i t y  which 

i s  e i t h e r  des i rab le  o r  a t ta inab le .  Nevertheless, use o f  chronosequences and 

exami na t i on  o f  na tu ra l  s i t u a t i o n s  ex i  s t i  ng over con t ras t i ng  s p a t i a l  and 

temporal scales, should prov ide  i n s i g h t s  i n t o  t h e  s t a b i l i t y  o f  var ious 

types o f  ecotones. Coupled w i t h  the  use of s imu la t ion  rnodels t o  he lp  design 

the  f i e l d  experimentation, t h e  key f a c t o r s  which prov ide  t h a t  s t a b i l i t y  can 

be examined. This  would l ead  t o  experimental manipulat ion i n  t h e  f i e l d .  

Depending upon t h e  resource, a r t i f i c i a l  ecotones can be created t h a t  d i f f e r  

i n  size, resource gradients,  and longev i ty .  A s t ress  (d is turbance)  can then 

be app l ied  and t h e  response measured i n  t he  resource patches over d i f f e r i n g  

s p a t i a l  and temporal scal es. 

Question 3, What are the  key a t t r i b u t e s  (processes and components) o f  

ecotones which impar t  r e s i  stance and r e s i  1 ience t o  d i  sturbance 

o f  t he  adjacent resource patches? 

Narrat ive:  I m p l i c i t  w i t h i n  t h i s  quest ion i s  t h a t  a good understanding o f  

the  p a t t e r n  and frequency o f  disturbances e x i s t s  f o r  each o f  t he  



s t ruc tu ra l / f unc t i ona1  types o f  ecotones. The basic  question, however, 

transends the  ecotones and i s  app l i cab le  t o  o ther  eco log ica l  systems. The 

quest ion a lso  i m p l i e s  t h a t  ecotones perform a  f u n c t i o n  f o r  t he  resource 

patches they separate. There i s  inc reas ing-ev idence t h a t  ecotones, i n  some 

instances, may a c t  as semipermeable membranes between eco log ica l  systems t o  

n o d i f y  t he  d i r e c t i o n ,  t he  character  and the  magnitude o f  ma te r i a l s  and 

i n fo rma t i on  exchanged by the  adjacent eco log ica l  systems (Wiens e t  a l .  

1985, Johnston and Naiman 1987). The nature o f  t he  exchange i s  determined 

by t h e  s t r u c t u r a l  and f u n c t i o n a l  p rope r t i es  o f  t h e  ecotone. The ecotone, as 

a  s e l e c t i v e  f i  l t e r ,  ac ts  t o  modify disturban'ces as w e l l  as t h e  response o f  

t h e  res0urc.e patch t o  t h a t  disturbance. Therefore, w i t h i n  t h e  ecotone i t  i s  

pos tu l  a ted t h a t  t here are  i nteg ra l  components and processes t h a t  

d i f f e r e n t i a l l y  a c t  t o  impar t  r es i s tance  and r e s i l i e n c e  t o  a  g iven 

d is turbance.  One example can be found i n  t he  work o f  Peter john and C o r r e l l  

(1984) on the  Rhode R ive r  watershed. 

I m ~ l  i c a t i o n s :  

1. A knowledge o f  these key a t t r i b u t e s  would a l l ow  e f f i c i e n t  management and 

enhancement o f  se lec ted  a t t r i b u t e s  t o  modify t h e  s e v e r i t y  o f  t he  

d i  sturbance. 

2. It may a l so  prov ide  a  q u a n t i f i c a t i o n  o f  d is turbance i.n terms o f  economic 

and ecol og i ca l  costs .  

Tests : 

1. Use o f  experimental  ecotonal/resource patch systems sub jec t  t o  var ious 

c lasses o f  d is turbances ( i  .e., t o x i c  chemicals, wind, f i r e )  o f  var ious 

i n t e n s i t i e s .  Fol lowed .by study o f  t h e  recovery o f  t h e  resource patch 

components and processes as w e l l  as t he  ecotone. 

2. Use o f  s imu la t i on  models t o  i d e n t i f y  key components and processes fo r  

empi r i  c a l  exper imentat ion can prov ide  i ns igh ts  i n t o  t he  c r i  t i c a l  

components and processes f o r  res i s tance / res i l i ence .  

3. M u l t i v a r i a t e  s tud ies  o f  e x i s t i n g  data sets. For  example, i n  t h e  Mois ie 

R i  ver,  Quebec, Canada, Naiman e t  a l .  ( 1987) have shown t h a t  t o t a l  .,inputs 

and outputs o f  carbon can be r e a d i l y  p red i c ted  f o r  a  g iven Stream order 



from t h e  s tand ing  s tock o f  coarse wood deb r i s .  I n  t h i s  case major 

n e t a b o l i c  r a t e s  can be p r e d i c t e d  f rom a  r e l a t i v e l y  s imple measurement o f  

a  system component. Th i s  was o n l y  poss ib l e  a f t e r  develop ing an ex tens ive  

data base on system s t r u c t u r e  and processes. A s i m i l a r  approach should 

be developed f o r  ecotonal  dynamics. 

4. Experimental nan i  pu1 a t i  ons o f  e x i  s t i  ng, reasonably  wel 1  known s i  t e s  by : 

a. addi ng/removi ng s t r u c t u r a l  complexi t i e s  

b. mod i fy ing  1  i f e  h i  s t o r y  c h a r a c t e r i  s t i c s  o f  t h e  p l  an t / so i  1  communi t i e s  

c. mod i fy ing  resource g rad ien t s  ( i  .e., n u t r i e n t s ,  moi s t u r e )  . 
This would p rov ide  d i r e c t  exper imenta l  evidence t o  i d e n t i f y  t h e  key 

ecotonal cha rac te r i  s t i c s  f o r  a  g iven  d i  sturbance. 

Question 4. 1s t he re  a p r e d i c t a b l e  p a t t e r n  t o  dynamic change i n  ecotones 

under n a t u r a l  c o n d i t i o n s ?  

Nar ra t i ve :  Var ious phys i ca l  f a c t o r s  can l ead  t o  t h e  e v o l u t i o n  o f  p l a n t  

communities. For  example, a long a  r i v e r ' s  edge (F igu re  7 ) ,  eros ion,  

t r a n s p o r t a t i  on and sedimentat i  on by t h e  r i  ve r  can t r ans fo rm  t h e  r i  p a r i  an 

zone. B i o l o g i c a l  f a c t o r s ,  o f t e n  r e l a t e d  t o  v e g e t a t i  on dynami CS, may 

i n t e r f e r e  w i  t h  t h e  phys i  c a l  f a c t o r s .  A l  1  ogenous-type successions domi nate 

i n  regu l  a r l y  f 1  ooded zones, whi 1  e  autogenous-type successions domi na te  i n  

zones where t h e  wa te r - t ab le  i s  deepest (F i gu re  8 ) .  I n  f a c t ,  r i p a r i a n  

vegetat ion a long r i v e r s  i s  e v o l v i n g  f rom w i l l o w  ( s a l i x )  t o  oak (Quercus) 

f o r e s t  depending on t h e  dynamics o f  f l o o d s  and t h e i r  e f f e c t s  on t h e  

processes o f  erosi'on and sedimentat i  on. Thi  s  determi nes t h e  r e v e r s i  b l  e  o r  

i r r e v e r s i b l e  cha rac te r  o f  t h e  ecotone dynamics. As a  whole, r e g u l a r  and 

f requent  v a r i a t i o n s  such as wa te r - t ab l  e  f 1  u c t u a t i  ons ensure t h e  

perenni a l  i ty  o f  p l  an t  communi ti es. On t h e  c o n t r a r y  , ra re ,  acc i  den ta l  and 

h i  gh i n tens i  t y  v a r i  a t i  ons provoke evo l  u t i o n  towards new equi 1 i b r i  a 

accordi  ng t o  t h e  poss i  b i  1 i ti es o f  p e n e t r a t i  on by ne i  ghbouri  ng speci  es 

(Pautou and Décamps 1985). 

It i s  a l so  c l e a r  f rom F igu res  7 and 8 t h a t  t h e  pe rcep t i on  o f  ecotones 

d i f f e r  between researchers i n  r e l a t i o n  t o  t h e  t ime  and s p a t i a l  s ca le  



Vegetat ion communities near a r i v e r :  

1 = Submerged zone 

2 = Bank zone 

3 = Rush zone 

4 = Reed zone 

5 = Zone o f  softwoods 

6 = Zone o f  hardwoods 

Level s o f  i nundat ion : 

HHW = very h i g h  water 

HW = h i g h  water 

MW = medium water 

NW = low water 

F i g u r e  7 .  E x a i p l e  o f  approach t o  an ecotone betueen aquat ic  and t e r r e s t r i a l  

e c o l o g i c a l  sys te is .  So ie  researchers sec t h i s  as a d i a g r a i  o f  one ecotone. v h i l e  

o thers  d i s t i n g u i s h  s e v e r a l  ecotones separa t ing  d i f f e r e n t  zones : subierged, 

t e i p o r a r i l y  subierged, reeds, softvood and harduood zones ( i o d i f i e d  f r o i  Schafer 

1973). 
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Figure 8. Dyna i ics  o f  the  r i p a r i a n  vegetat ion along the Garonne R iver .  France. 

shouing the  d i s t i n c t i o n  betueen the  r e v e r s i b l e  and i r r e v e r s i b l e  evo lu t ions  i n  

zones in f luenced  o r  not  by f loods. D i f f e r e n t  k inds o f  successions a r e  p r e d i c t a b l e  

i n  r e l a t i o n  t o  the na ture  o f  t h e  substrate  ( f r o i  H. Décqips e t  a l . ,  1988). 



considered. Very different plant comnuni t i e s  coexi s t  in the r ipar i  an zones 
of rivers.  Some are dominated by a unique monopolistic species while others 

are highly diversif ied such as nesohygrophi lous prair ie  communi t i e s  
compri sing 40 to  50 species. The spatial ly diversified ecological 
conditions wi t h  a l  ternati  ng  patterns of r i  dges, depressi ons and plane 
surfaces, give r i s e  t o  rnosaics of contrasting substrates,  often a t  

different stages of the i r  evolution. Because of the i r  ecological 

t o l  erances, certain speci es are especi al ly 1 i ab1 e t o  i nvade other 

communities. Therefore, the riparian zone may be considered functionally as 

one ecotone, whi 1 e structural ly many di f ferent  ecotones may b e  

di stingui shed from river t o  upland. 

Impl ications: I t  i  s important for  e f f ic ien t  management of natural systems 

t o  know the dynamics of processes in ecotones (Figure 8 ) .  Different 

sequences develop due to  the heterogeneity of the area inundated and to 
changes in the geomorphology of the system (Holland and Burk 1982, 1984). 

Moreover, the relat ive importance of autogenic and allogenic processes nay 

Vary depending on the plant developmental sequence considered. Temporal 
variations and the influences of physical factors have t o  be taken i n t o  

account, rememberi ng that  whi 1 e trophic' stabi 1 i ty  may be establ i shed, 

physical s t ab i l i t y  may not be. 

Tests : 

1 .  Compare the structure and functioning of chosen ecotones in different 

hydrological and geomorphol ogical si tuations al ong r i  vers. 

2 .  Consider the changes in the dynamics of processes resulting from a 
cessation of the interactions between the adjacent ecological systems 

( for  example the impacts of a r t i f i c i  al embankment construction on 
r i  pari an vegetati on). 



Question 5. How a re  t h e  c h a r a c t e r i s t i c s  and processes o f  ecotones s e n s i t i v e  

t o  changes i n  t h e  g l o b a l  environment ? 

Nar ra t i ve :  Althougt; some ecotones f r om around t h e  w o r l d  have been s tud ied  

i n  va r ious  ways (Patou and Décamps 1985, Lauga 1987), t h e r e  have been no 

comprehensive a t tempts  t o  unders tand t h e  p robab le  s e n s i t i v i t y  o f  ecotones 

t o  p r o j e c t e d  changes i n  t h e  g l o b a l  environment. Indeed, even general  

responses a re  d i f f i c u l t  t o  p r e d i c t .  It i s  poss ib l e ,  f o r  example, t o  

pos tu l a te  t h a t  because ecotones c o n t a i n  b i o t i c  elements a t  t h e  margins o f .  

t h e i r  d i s t r i b u t i o n  and t h e r e f o r e  a re  under s t r ess ,  ecotones would be 

s e n s i t i v e  t o  changes i n  t h e  g l o b a l  environment and r e l  a t i v e l y  uns tdb le .  

A l t e r n a t i v e l y ,  an e q u a l l y  p l a u s i b l e  argument would be t o  p o s i t  t h a t  t h e  

cond i t i ons  o f  ecotones a re  i n h e r e n t l y  v a r i  ab1 e and f r om an evo l  u t i  onary 

basi  s, c o n t a i  n b i  o t i  c e l  ements whi ch a re  r e l  a t i  v e l y  i mmune t o  changi  ng 

i n f l uences  o f  t h e  g l o b a l  environment. Therefore,  t h e  cha l lenge  i s  t o  

d iscover  t h e  genera l  p r i n c i p l e s  t h a t  desc r i be  t h e  s e n s i t i v i t y  t o  changes i n  

the  g l oba l  env i ronnen t .  

Furthermore, ecotones a re  p o s t u l  a ted  t o  c o n t a i  n g r e a t e r  b i  omass, resources 

and b i o d i v e r s i t y  t han  t h e  patches t hey  separate; these  h i ghe r  l e v e l s  may 

ac t  t o  impar t  r e s i s t a n c e  and r e s i l i e n c e  t o  d is tu rbance .  Thus, t h e  

patches migh t  be t h e  f i r s t  t o  show changes. The f a c t  i s  t h a t  we do n o t  know 

whi ch components woul d r e a c t  f i  r s t .  

Imp l i ca t i ons :  Ecotones may rep resen t  a number o f  a t t r i b u t e s  impo r tan t  bo th  

f o r  t h e  unders tanding and t h e  management o f  b i o s p h e r i c  processes, e.g., 

support h i g h  l e v e l s  of b i o l o g i c a l  d i v e r s i t y  o r  f u n c t i o n  as c o n t r o l s  f o r  t h e  

novement o f  ma te r i  a l  s across t h e  1 andscape. I f  ecotones a re  r e l  a t i v e l y  

s e n s i t i v e  t o  changes i n  t h e  g l o b a l  environment,  then  i t  i s  p a r t i c u l a r l y  

impor tant  t o  measure t h e  gernane a t t r i b u t e s '  o f  ecotones t o  o b t a i n  e a r l y  

i n d i c a t i o n s  o f  changes i n  t h e  i n t e g r i t y  o f  t h e  biosphere.  Fu r t he r ,  such 

knowledge i s  mandatory f o r  hanaging ecotones so as t o  op t im i ze  t h e  

r a m i f i c a t i o n s  o f  impacts  of changes i n  t h e  g l o b a l  environment.  



Tests: The s e n s i t i v i t y  of ecotones t o  changes i n  t he  g loba l  environment 

w i  11 i nvol ve the  f o l  1 owi ng four-step approach: 

1. Perform a r e t r o s p e c t i v e  eva lua t i on  of ex i  s t i n g  data amenable t o  

ana,lyzi ng ecotone responses t o  v a r i  ab1 es simi 1 a r  t o  those pro j ec ted  i n 

g loba l  change consi d e r a t i  ons. 

Comnents: Weaver and Alber tson (1956) descr ibe the  s h i f t i n g  o f  the  

ta l lgrass-mixedgrass ecotones i n  c e n t r a l  North America dur ing  

the  drought o f  t h e  1930's. A b i o t i c  and b i o t i c  responseç 

occurred a t  d i f f e r e n t  ra tes ;  general t rends cou ld  be pred ic ted  

f rom l i f e  h i s t o k y  c h a r a c t e r i s t i c s  o f  t h e  dominant p lan ts .  

2. Develop a t e n t a t i v e  c l a s s i f i c a t i o n  o f  ecotones on the  bas is  o f  e x i s t i n g  

da ta  desc r i  b i  ng responses t o  these v a r i  ab1 es, where the  a t t r i  butes i n  

t he  c l a s s i f i c a t i o n  i nc lude  t h e  p u t a t i v e  important  cha rac te r i  s t i c s  and 

processes o f  ecotones. 

Comments: Thi s c l a s s i f i c a t i o n  w i  11 serve t h e  purpose o f  organi z i  ng 

subsequent s tud i  es, i d e n t i f y i  ng gaps i n  Our knowl edge about 

ecotones, and p rov id ing  a framework f o r  ex t rapo la t i ng  from 

s p e c i f i c  s tud ies  o f  g loba l  pat terns.  Ecosystem types have been 

c l a s s i f i e d  according t o  c h a r a c t e r i s t i c s  and processes (e.g., 

grasslands f rom Sims, Singh and Lauenroth 1978), so i t should 

be poss.ible t o  do so f o r  ecotones. 

3. Perform an experimental  ana lys is  o f  t h e  ac tua l  mechanisms w i t h i n  

ecotones t h a t  might  respond t o  changing g loba l  cond i t ions .  

Coments: Peter john and C o r r e l l  (1984) measured the  r o l e  o f  r i p a r i a n  

f o r e s t s  i n  c o n t r o l l i n g  the  t r a n s f e r  o f  n i t rogen  and phophorus 

f rom an adjacent a g r i c u l t u r a l  f i e l d  t o  the  discharge Stream. 

More n i t r o g e n  moved through subsurface pathways and more 

phosphorus was t rans fe red  by sur face f 1 ow. The r i  p a r i  an f o r e s t  

captured about one-half  t he  n i t rogen,  some o f  which was 



accumulated i n  t h e  vegetat ion and some apparent ly l o s t  v i a  

deni tri f i c a t i o n .  A n t i c i  pated changes i n  the  g lobal  environment 

might a l  t e r  t he  ecotone by a f f e c t i  ng important  processes, 

e.g., COp change n i g h t  change vegeta t ion  growth which might 

a f f e c t  n i  t rogen sequester i  ng. 

4. Produce synthet ic  models o f  ecotone responses t o  changing g lobal  

condit ions, where the  models would range from broad s p a t i a l  scales o f  

the geographic p o s i t i o n  o f  ecotones t o  f i  ner scales i nvol v i  ng spec i f  i c  

processes w i t h i n  ecotones, such as successional pa t te rns  and n u t r i e n t  

t ransfer  rates. 

Comments: Emanuel e t  a l .  (1985) used a s p e c i f i c  atmospheric CO2 c l ima te -  

change scenari O developed by Manabe and S tou f fe r  (1980), and 

model l e d  the  p ro jec ted  vegeta t ion  s h i f t s  on a g lobal  basi S. It 

should be poss ib le  t o  model ecotones i n  a s i m i l a r  manner. A t  

f i n e r  scales, t he re  are models (Shugart 1984) which could be 

adapted t o  accomodate t h e  spec i f  i c  cha rac te r i  s t i c s  and 

processes o f  ecotones as i d e n t i f i e d  i n  t h e  preceding th ree  

steps. 

Question 6. What i s the  importance o f  ecotones i n  mainta i  n ing  1 ocal,  

regional  and g loba l  b i o d i v e r s i  t y ?  

Narrative: One comrnonly noted phenomenon i n  s tud ies  o f  w i l d l i f e  communities 

i s  the "edge-effect" - the  tendency f o r  communities t o  be more dense and 

often more d iverse  i n  ecotonal s i t u a t i o n s  (e.g. see F igure  9 ) .  The 

edge-effect i s  a g e n e r a l i t y  and probably does no t  apply t o  a l 1  taxa o r  t o  

al1 ecotones. Nevertheless, i n  cases i n  which t h e  edge-effect does occur, 

the b i o d i v e r s i t y  can be a f fec ted  by the  ex ten t  and q u a l i t y  o f  ecotones 

(Lovejoy 1979). There are  species t h a t  are c h a r a c t e r i s t i c  o f  ecotones, 

other species perform a c t i v i t i e s  needed f o r  t h e i r  s u r v i v a l  i n  ecotones, and 

the survival/abundance o f  these species are d i r e c t l y  r e l a t e d  t o  the  amount 

of ecotones i n  an area (Gh ise l i n  1977). These considerat ions lead t o  a need 



Lepidocyrtus liqnorum 

Isotoma anglicans 

Mesophoruru c r i t i ca  

Mesophorura krausbaueri 
Mesaphorura macrochaeta 

Mesaphorura hylophila 

Pseudosinella hercynica 

Folsomia monolachei 

Onychiurus suouliginatus 
Onychiurus fronkonionus 

Onychiurus vonderdr i f t i  

Onychiurus armatus 

Ceratophysella bengtssoni 

F i g u r e  9. D i s t r i b u t i o n  o f  so ie  s o i 1  i n h a b i t i n g  species o f  C o l l e i b o l a  i n  a 

grassland-spruce f o r e s t  ecotone near Jevany i n  c e n t r a l  Bohemia. So i1  samples vere 

taken f r o i  0-10 c i  horizon. The th ickness o f  the  b lack  l i n e s  shovs the  d i f f e r e n t  

dens i t i es  of c e r t a i n  species i n  s i x  h o r i z o n t a l  zones across the  ecotone. Species 

d i v e r s i t y  f o r  the  col lembolan c o i i u n i t y  vas h ighest  on the  outer  f o r e s t  i a r g i n  

(H  = 2.4). and l oves t  i n  the  ieadou ( H  = 2.2) (Rusek. unpublished data). 



f o r  understandi ng ecotone/bi odi  ve rs i  t y  r e l  a t  i onshi ps i n managi ng 1 andscapes 

(Goeden 1979). Along w i  t h  species t h a t  are cha rac te r i  s t i c s  o f  ecotones, 

there are c e r t a i n  animals t h a t  r e q u i r e  more than one eco log ica l  system t o  

survive; exanples inc lude:  1 )  amphibians t h a t  breed and 1 ay eggs i n  water, 

but l i v e  as adu l ts  on land; 2 )  species t h a t  feed i n  one eco log ica l  system 

but res t ,  nest  o r  h ide  f rom pfedators i n  another (Diamond 1973); 3 )  f i s h  

tha t  breed i n  mangroves o r  marshes and then migra te  t o  the  sea as they 

mature (Odum e t  a l .  1984); 4 )  b i r d s  t h a t  migra te  f rom cont inent  t o  

cont inent  us ing  d i f f e r e n t  eco log ica l  systems i n  t h e i r  breeding area, i n  

t h e i r  w in te r i ng  area and a lso  on t h e i r  way f rom one t o  the  other  

( F i t z p a t r i c k  1980, Keast and Morton 1980). These species move through o r  

along ecotones i n  t h e i r  movements and the  fea tu res  o f  ecotones can a f f e c t  

t h e i r  abundance o r  s u r v i  va l  . 

Impl icat ions:  The p o t e n t i a l  importance o f  ecotones f o r  c e r t a i n  species 

(Beecher 1942) and t h e  importance o f  1 arge (unfragmented) reserves f o r  

others (SCOPE 1986) creates a d i f f i c u l  t opt imi  za t i on  problem f o r  1 and 

managers (Diamond 1978). Fragmented landscapes may have an abundance o f  

ecotones but  may n o t  p rov ide  s u i t a b l e  h a b i t a t s  f o r  non-ecotone-requir ing 

species (Gei s 1974). Consequently, maximizi ng l o c a l  d i  ve rs i  t y  by i ncreasi ng 

ecotones may lead t o  a reduc t i on  i n  reg iona l  d i v e r s i  ty  due t o  a reduc t ion  

o f  edge-avoiding species (Gi l p i n  and Diamond 1980, Noss 1983). Studies o f  

b iod ivers i  t y  i n  fragmented 1 andscape mat r ices  should be coupled w i  t h  

studies o f  ecotonal species t o  p rov ide  in fo rmat ion  t o  reso l ve  t h i s  problem. 

Tests: Since many game species use ecotones o r  move through ecotones, t he re  

have been t e s t s  on some o f  t he  procedures t h a t  might  be used f o r  the  

management o f  o ther  ecotonal speci es. There are a l  so p r e d i c t i  ve model s 

(mostly f o r  game species) t h a t  p rov ide  usefu l  examples o f  model 

devel opment/model t e s t i  ng pro toco l  s (Levi  n 1977 1. 



Question 7. A t  what l e v e l  of human investment have ecotones been maintained 

and res tored i n  the  past? Might t h a t  l e v e l  be expected t o  

continue, d imin ish  o r  i n t e n s i f y  i n  the  f u t u r e ?  A t  what scale 

are research r e s u l t s  most usefu l  f o r  decision-naking and 

management? 

Nar ra t ive :  I n  many p a r t s  o f  t he  world, new ecosystems have been created as 

environmental resources have b,een pu t  t o  use, r e s u l t i n g  i n  the  development 

o f  new and sometimes unique ecotonal boundaries. There has been an attempt 

t o  understand and q u a n t i f y  t he  inherent  value o f  these developments i n  many 

countr ies,  b u t  unfor . tunate ly  the  coupl ing o f  economic va lua t i on  models and 

eco log ica l  concepts has been slow t o  develop. The i n t r i c a t e  i n t e r r e l a t i o n -  

sh ip  between ecology and economics has been emphasized emphat ica l ly  by an 

exper t  on i n t e r n a t i o n a l  law when he noted, "economic development and envi -  

ronmental p r o t e c t i o n  need not, and must not,  be seen as incompat ib le goals. 

Indeed, i n  t he  long run, they are inseparable" (Spr inger  1983). I n  t h j s  

regard, successful steps i n  the  development o f  a new, i n t e r d i s c i p l i n a r y  

f i  e l  d  o f  study i n  eco log ica l  economics are encouraging (Thorni l e y  1986). 

The i n c l u s i o n  o f  increased understanding o f  ecotones i n  management p r a c t i c e  

has i n  the  past inc luded such p o l i c i e s  as r i p a r i a n  zone p r o t e c t i o n  (Chiras 

1985), hedgerow p r o t e c t i o n  f o r  w i  l d l  i f e  conservat ion (Baudry 1984), and 

wet l  ands preserva t ion  (Ho1 land and Balco 1985). Recent evidence suggests 

t h a t  t he  maintenance o f  some ecotones (e.g. r i p a r i a n  f o r e s t  i n  a coasta l  

p l  a i  n  a g r i c u l  t u r a l  watershed) may he lp  t o  m i  nimi ze the  a c i d i f i c a t i o n  and 

eu t roph ica t i on  o f  r e c e i v i n g  waters (Peter john and C o r r e l l  1986). The 

c r e a t i o n  o f  ecotones seems t o  be a necessary consequence o f  some human 

a c t i v i t i e s  (e.g., conversion o f  f o r e s t  systems t o  a g r i c u l t u r e ) .  On the 

o ther  hand, t h e  reduc t i on  o f  c e r t a i n  na tu ra l  ecotones (e.g., decrease i n  

contac t  between r i v e r s  and land due t o  stream channe l iza t ion)  has been a 

consequence o f  management a c t i v i t i e s  (Sedel l  and Froggat t  1984). Recent 

1 eg i  s l  a t i  on which recogni zes both economi c  and ecol og i ca l  values o f  

r i p a r i a n  ecotones (Hol land and Phelps, 1988) may he lp  t o  p r o t e c t  some o f  

the  remaini  ng gal  l e r y  fo res ts .  



Del iberat ions of a general s c i e n t i f i c  advisory panel du r ing  t h e  l a s t  two 

years have suggested t h a t  t h e  Programme on Man and the  Biosphere focus ori 

four  themes which c u t  across many ecosystems (Unesco 1986). These f o u r  

themes are: 1 1 ecosystem func t i on ing  under d i f f e r e n t  i ntens i  t i e s  o f  human 

impact, 2 )  management and r e s t o r a t i o n  o f  Kuman-impacted resources, 3)  human 

investment and resource use, and 4)  human response t o  environmental s t ress .  

Human investment as discussed i n  the  panel r e p o r t  inc ludes  "investment i n  

social  organi zat ion,  accumulation o f  knowledge, t ime and money". This theme 

requires the  i n t e g r a t i  on o f  knowl edge o f  soci a l  percept ions and 

expectations, w i t h  t h e  behaviour o f  b iophysical  systems and w i t h  the  

process o f  investment, d i  s i  nvestment and reinvestment. I t s  focus i c; t o  

examine the  1 inkages and commonal i t i e s  between the  eco i n  economy and - 
ecology. One p r o j e c t  which might  be v i sua l i zed  under t h i s  theme i s  t h e  

impact o f  g lobal  environmental change (e.g., ac id  r a i n  o r  c l ima te  change) 

on regional  investment assumptions (Unesco 1986). 

I np l  i ca t ions :  En1 ightened management decis ions depend on a knowledge o f  t h e  

systems t h a t  are a f fec ted .  The h i  s t o r i c a l  i n c l u s i o n  o f  ecotone-oriented 

management p r a c t i c e  w i  t h  o ther  1 and-use pol  i c i e s  provides ample precedent 

f o r  f u t u r e  i nc lus ions  o f  add i t i ona l  in format ion.  One o f  t he  most abs t rac t  

concepts t o  emerge du r ing  simultaneous cons idera t ion  o f  economic, and 

ecological nodels has been t h e  idea o f  "va lua t ion"  o f  na tura l  resources. 

This holds f o r  both those t h a t  have an accepted market exchange and those 

wi th non-market values. Since t h e  concept i s  s t i l l  abstract ,  new research 

e f f o r t s  are needed t o  strengthen t h e  ideas, and t o  make t h e  e n t i r e  approach 

more p r a c t i c a l  . 

Tests: To a l a rge  degree t h e  i n c l u s i o n  o f  i n fo rma t ion  on ecotone s t r u c t u r e  - 
and func t i on  i n  management p r a c t i c e  represents t h e  bes t  hope f o r  t e s t i n g  

theories about ecotones. O f  course, be fore  these theo r ies  are '  l i k e l y  t o  be 

included i n  management, t h e  necessary s c i e n t i f i c  . t es t i ng  w i l l  be needed t o  

provi de convi n c i  ng arguments f o r  i n c l u s i o n  i n  management p rac t ice .  

Information on t h e  f o l l o w i n g  t o p i c s  i s needed: 

1. U t i  1 i z a t i o n  o f  na tu ra l  resources i n  adjacent eco log ica l  systems and 

t h e i r  ecotones on sustained and non-sustained bases; 



2. The inherent  market o r  est imated non-market values o f  resources being 

u t i l i z e d  through d e f i n i t i o n  o f  b e n e f i t  : cos t  r a t i o s  and by us ing o ther  

models t o  determine human investment; 

3. The types o f  ecotonal boundaries developed as a d i r e c t  outcome o f  the  

u t i l i z a t i o n  o f  na tu ra l  resources; 

4. The r o l e s  o f  t h e  s p e c i f i c  human s o c i e t i e s  i n  main ta in ing  these ecotones, 

i nc lud ing  monetary costs, t ime investments, and d i r e c t  re tu rns ;  

5. New research i nto  a n a l y t i c a l  approaches, such as envi  ronmental resource 

decision-making models. 

The SCOPE/MAB worki  ng sessi on prov ided an opportuni t y  f o r  exami n i  ng steps 

f o r  f u r t h e r  development o f  t h e  concept o f  ecotones. It noted w i t h  i n t e r e s t  

the  recent  i n i t i a t i v e  o f  Unesco/MAB1s I n t e r n a t i o n a l  Co-ord inat ing Council 

i n  launching a programne on "The r o l e  of ecotones i n  aquat ic landscape 

management and r e s t o r a t i  on". The group reca l  1 ed t h a t  the  f ledg l  i ng MAB 

programne on t h e  r o l e  o f  aquat ic  ecotones i s  envisaged as a nine-year 

programme, s t a r t i n g  i n  1987, w i t h  th ree  d i s t i n c t  phases : planning and 

f e a s i b i l i t y  (1987-1988), f i e l d  programme (1989-1993), synthesis  and 

a p p l i c a t i o n  (1994-1995). The working session welcomed t h e  suggestion t h a t  

rep resen ta t i  ve s c i e n t i  s t s  from SCOPE p a r t i c i p a t e  i n  t he  i n i t i a l  p lanning 

and f e a s i b i l i t y  phase o f  t h e  MAB programme. 

This SCOPE/MAB working sessi on r e s u l  t e d  i n  a s e r i  es o f  recommendations on 

poss ib le  SCOPE a c t i  v i  t i e s  on ecotones, 

no t i ng  t h a t  ecotones are p o t e n t i a l l y  important i n  understanding and 

managing the  biosphere, especi a l  l y  f o r  support ing b i o t i c  d i  ve rs i  ty, 

mai n t a i  n i  ng t h e  i n t e g r i  ty  o f  energy and mater i  a l  pathways, and p r o v i  d i  ng 

f o r  pr imary and secondary p r o d u c t i v i t y ,  

rea l i z i nq ,  t h a t  some data  e x i s t  from ecotones around t h e  wor ld bu t  these 

data have n o t  been organized and synthesized, and 



recognizing t h a t  t he  t o p i c  o f  ecotones i s 1 arge and complex, thus requi  r i n g  

a comprehensive and thorough approach i nvo lv ing  eval ua t i on  o f  ex i  s t i  ng 

data, experimentation, model l ing and data i n t e r p r e t a t i o n ,  

recommends t h a t  SCOPE e s t a b l i s h  a s c i e n t i f i c  advisory committee t o  d i r e c t  a 

three-year data synthesis p r o j e c t  on ecotones, and 

suggests t h a t  t h i s  SCOPE p r o j e c t  be conducted i n  c lose  CO-operat ion w i t h  

the MAB-5 programme on ecotones and w i t h  the  re levan t  programme development 

of  IGBP. 

In summary, t he  SCOPE/MAB working session prov ided an oppor tun i ty  f o r  

explorat ion o f  poss ib le  avenues f o r  CO-operat ion between MAB and SCOPE w i t h  

respect t o  ecotones, as we l l  as p o t e n t i a l  l i n k s  wi t h  ICSU's I n t e r n a t i o n a l  

Geosphere-Biosphere Programme. It i s  envisaged t h a t  wh i le  SCOPE's 

three-year data synthesis  p r o j e c t  on ecotones w i l l  r e s u l t  i n  p u b l i c a t i o n  o f  

a s ta te  knowledge r e p o r t  on ecotones (see Hansen e t  a l .  19881, the  

complementary MAB programme on aquat ic ecotones w i  11 1 aunch a c o l  1 abora t i  ve 

f i e l d  research programme i n  t h e  e a r l y  1990's w i t h  emphasis on aquat ic  

1 andscape management and r e s t o r a t i  on (see Naiman e t  a l  . 1988). Thus, t he  

SCOPE/MAB worki ng sessi on recogni zed t h e  magnitude and compl ex i  t y  o f  the  

task a t  hand, and r e a l i z e d  the  b e n e f i t s  t o  a l 1  concerned o f  mutual 

co l labora t ion  i n  eva lua t ing  and c l a r i f y i n g  the  concept o f  ecotones. 
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Abstract. Ecotones, ac t i ng  as semi permeabl e boundari es separat i  ng adjacent 

resource patches, are dynamic components o f  aquat ic  and t e r r e s t r i a l  

landscapes. This  a r t i c l e  examines some fundamental issues concerni ng the  

s t r u c t u r e  and f u n c t i o n  o f  ecotones, addresses the  s c i e n t i f i c  focus o f  an 

i n t e r n a t i o n a l  research programme s p e c i f i c a l l y  examining ecotones occur r ing  

a t  t he  a q u a t i c - t e r r e s t r i a l  i n te r face ,  and discusses the  t e n t a t i v e  s t r u c t u r e  

o f  t he  research programme. Programme development f o r  t h i s  decade-long 

research e f f o r t  i s  p resent ly  shared by Unesco's Man and the  Biosphere 

Programme, Unesco's I n t e r n a t i o n a l  Hydrol og i ca l  Programme, and the  

I n t e r n a t i o n a l  I n s t i  t u t e  f o r  Appl i e d  Systems Analysi  S. 



PROGRAWE RATIONALE 

Aquatic ecosystems are o f t e n  envisioned as systems where processes are 

l i n k e d  by the  f low o f  .water and n a t e r i a l s  (Fore1 1892, Vannote e t  a l .  

1980). This concept has prov ided a s t rong t h e o r e t i c a l  base f o r  developing a 

h o l i s t i c  perspect ive f o r  aquat ic  ecosystems. This  perspect ive  has, i n  

recent  years, d e a l t  l a r g e l y  w i t h  comrnunities and processes occur r ing  w i t h i n  

r e l a t i v e l y  homogeneous patches, such as the  ep i l imn ion  o r  hypol imnion o f  

lakes o r  w i t h i n  pools and r i f f l e s  o f  small streams. Yet w i t h i n  these 

systems the re  are t r a n s i t i o n  zones (e.g., gradients o r  d i s c r e t e  boundaries) 

which e i t h e r  modify o r  r e s t r i c t  the  f l ows  o f  water and ma te r ia l s  between 

adjacent resource patches (Wiens e t  a l .  1985, Nainan e t  a l .  1988). 

Populat ions and processes i n  na ture  are arranged i n  d i s c r e t e  patches 

( P i c k e t t  and White 1985), boundari es between these patches are read i  l y  

detected on var ious s p a t i a l  and temporal scales (Forman and Godron 1986, 

Wiens e t  a l .  1985, Fr isse11 e t  a l .  1986), and human a c t i v i t i e s  are 

i ncreasi ng l y  d i  v i  d i  ng the  1 andscape i n t o  patches w i  t h  c l  e a r l y  de f  i ned 

boundaries (Hansen e t  a l  ., t h i s  issue) .  I t  i s  d i f f i c u l t  t o  apply t r a n s i t i o n  

o r  continuum concepts (Vannote e t  a l .  1980) t o  na tu ra l  systems where 

sharply  def  i ned zones ex i  s t  o r  t o  systems exper i  encing sus ta i  ned 

anthropogenic a l  t e r a t i o n s .  

We suggest, therefore,  i t  may be i n fo rma t i ve  t o  view aquat ic  systems as a 

c o l l e c t i o n  o f  resource patches separated by ecotones o r  boundaries (Naiman 

e t  a l .  1988). Th is  concept has been i m p l i c i t l y  expressed by o thers  

concerned w i t h  L i o t i c  zonat ion (Huet 1949 and 1954, I l l i e s  1961, I l l i e s  and 

Botosaneanu 1963, Hawkins 1985) and by those atternpt ing t o  understand the  

d i v e r s i t y  o f  communities and i n t e r a c t i o n s  encountered on some o f  the  

wor ld ' s  l a r g e  r i v e r s  (Rzoska 1978). The ecotone concept a lso  addresses 

1 a t e r a l  1 i nkages (e.g., channel - r i p a r i  an f .orest exchanges) w i  t h i n  the  

aquati c system r a t h e r  than on l y  l o n g i t u d i n a l  1 i nkages (e.g., upstream- 

downstrean, Ward and Stanford 1988) o r  v e r t i c a l  l inkages (e.g., ep i l imn ion-  

hypol innion,  Wetzel 1975). This  concept a lso  overcomes some o f  the  



immediate d i f f i c u l  t i e s  r a i  sed by the  r i v e r  continuum concept o f  q u a n t i f y i  ng 

upstream-downstream 1 i nkages over long d i  stances (Vannote e t  a l .  1980, 

Naiman e t  a l .  1988). Viewing aquat ic  systens as a c o l l e c t i o n  o f  resource 

patches separated by ecotones a l l ows  t h e  r e l a t i v e  importance o f  

upstream-downstream l inkages,  l a t e r a l  l inkages, and v e r t i c a l  l inkages t o  be 

examined, and prov ides a conceptual franework f o r  understanding o f  f a c t o r s  

regul a t i n g  the  exchange o f  energy and mater i  a l  s between i d e n t i f i a b l e  

resource patches (Forman 1981 1. 

The no t i on  o f  ecotones was used by Clements (1905) t o  denote the  j unc t i on  

zone between two communities, where processes o f  exchange o r  compet i t ion 

between neighbouring patches might  be r e a d i l y  observed. The term "ecotone" 

has a lso  been used t o  r e f e r  t o  in te r faces ,  edges, t r a n s i t i o n  zones, o r  

boundaries between adjacent ecosystems. Based upon opera t iona l  concerns t h e  

MA9 Programme has decided t o  accept t h e  worki  ng d e f i  n i  t i o n  o f  an ecotone 

adopted by the  MAB/SCOPE Technical Consu l ta t ion  (Ho1 land, t h i s  issue) .  

An increas ing  number o f  s c i e n t i s t s  now be l i eve  t h a t  a study o f  ecotones 

w i l l  be o f  t h e o r e t i c a l  and p r a c t i c a l  va lue (Risser  1985, Wiens e t  a l .  1985, 

Holland, t h i s  issue, Naiman e t  a l .  1988, Décarnps e t  a l .  1988). It i s  

assumed t h a t  ecotones harbour r i c h  assemblages o f  f l o r a  and fauna, and t h a t  

they serve as c o n t r o l s  f o r  t he  movement o f  water and ma te r ia l s  throughout 

the landscape. The p o t e n t i a l  r o l e  o f  ecotones i n  p rudent ly  managing t h e  

biosphere i s r e c e i v i n g  renewed i n t e r e s t  and support because o f  t h i  S. 

Unesco's Man and the.  Biosphere (MAB) Programme, P ro jec t  Area 5, which 

addresses eco log ica l  processes i n  var ious f reshwater  and coasta l  aquat ic 

ecosystems, i s  developing a r e ~ e a r c h  programme on ecotones being undertaken 

between 1988 and 1996. 

This paper o u t l i n e s  t h e  need f o r  a programme o f  c o l  l a b o r a t i v e  research i n t o  

the r o l e  o f  the  l and / i  nland-water ecotones. We suggest the  goal o f  such a 

programme should be : 

t o  determine t h e  management op t ions  f o r  t h e  conservat ion and 

r e s t o r a t i o n  o f  land/ in land-water  ecotones through increased 

understanding o f  eco log ica l  processes. 



Specia l  emphasis i s  be ing  g i ven  t o  ecotones o c c u r r i n g  a t  t h e  

t e r r e s t r i a l / a q u a t i c  i n t e r f a c e  because o f  t h e i r  importance i n  r e g u l a t i n g  t h e  

f l o w  of water  and n a t e r i a l  s across t h e  landscape. Such ecotones migh t  

i n c l  ude r i p a r i  an f o r e s t s ,  w e t l  ands, 1 i t t o r a l  1 ake zones, oxbow 1 akes, 

es tua r i es  and areas where groundwater-surface wate r  exchanges a re  

subs tan t i  a l  . Programme development i s be i  ng shared by Unesco's 

I n t e r n a t i o n a l  Hyd ro log i ca l  Programme ( IHP) , MAB, and t h e  I n t e r n a t i o n a l  

I n s t i  t u t e  o f  Appl i es Systems Ana lys i  s ( 1 IASA) because o f  t h e i  r conmon 

i n t e r e s t s  and concerns w i t h  t h e  a q u a t i c / t e r r e s t r i a l  i n t e r f a c e .  

Consider ing t h e  key r o l e  o f  l a n d / i n l a n d  water  ecotones, we suggest t h e  

s p e c i f i c  o b j e c t i v e s  o f  t h e  Programme should be : 

. To i d e n t i f y  t h e  most s i g n i f i c a n t  gaps i n  Our p resen t  knowledge and 

understandi  ng; 

. To develop a p r e d i c t i v e  c a p a b i l i t y  f o r  undèrstanding t h e  r o l e  o f  

eco log i ca l  processes w i  t h i n  boundaries (ecotones)  i n  de te rmin ing  

landscape pa t t e rns ;  

. To develop r a t i o n a l  management p l ans  f o r  conserva t ion  o f  ecotones 

and f o r  use i n  address ing d e t r i n é n t a l  environmental  p rac t i ces ;  

. To develop a c o l l a b o r a t i v e  research programme on t h e  theme o f  

recovery and r e s t o r a t i o n  o f  degraded ecotones o c c u r r i n g  a t  t h e  

a q u a t i c / t e r r e s t r i  a l  i n te r f ace .  

SCIENTIFIC FOCUS 

The MAB/IHP Programme i s  a t tempt ing  t o  p rov ide  a s y n t h e t i c  v iewpoint ,  

enphasi z i  ng f undamental s t r u c t u r e s  and processes, hav i  ng equal 

appl  i cab i  1 i t y  t o  streams, r i  vers, 1 akes, w e t l  ands, e s t u a r i  es, and 

subsur face aquat i c  ecosystems. Th i s  programme i s  cons ider ing ,  t he re fo re ,  

severa l  t o p i c s  r e l a t i n g  t o  ecotones i n c l u d i n g  : 

. The i n h e r e n t  c h a r a c t e r i s t i c s  o f  ecotones t h a t  p rov ide  f o r  t h e i r  

understanding and c l a s s i f i c a t i o n ;  

. The responsiveness o f  ecotones t o  va r i ous  forms o f  d is tu rbance  o r  

g l o b a l  env i  ronmental change; 



. The development o f  d e s c r i p t i v e  and p r e d i c t i v e  mode1 s  associated 

w i t h  spec i f i c  s t r u c t u r a l  and func t i ona l  p roper t ies ;  

. The cont inued development o f  t h e o r e t i c a l  and conceptual models t o  

advance the  c r e a t i v e  aspects o f  t he  f i e l d  program; 

. The p r a c t i c a l  aspects of t he  r e s u l t s  f o r  b e t t e r  management o f  

na tura l  resources; 

. The soc ia l  and economic benef i  t s  o f  a  p r a c t i c a l  management program. 

Rati onal e f o r  Topi CS 

Characteri s t i c s  and C l a s s i f i c a t i o n .  

There are several reasons why i t  would be usefu l  t o  have a  c l a s s i f i c a t i o n  

o f  ecotones: organi z a t i  on o f  in format ion;  r e a l  i s t i c  compari son and 

extrapolat ion o f  in fo rmat ion ;  and development o f  coherent management 

approaches. T r a d i t i o n a l l y  ecosystems have been c l a s s i f i e d  by dominant o r  

conspicuous charac ter i  s t i c s ,  physical  o r  c l  i m a t i c a l  charac ter i  s t i c s ,  mode 

of o r i g in ,  and human use a t t r i b u t e s  ( F r i s s e l l  e t  a l .  1986, Turner 1987). 

Thus, i t  n i g h t  be appropr ia te  t o  c l a s s i f y  ecotones according t o  one o r  more 

of these convent ional c h a r a c t e r i s t i c s ,  or, perhaps, t h e  t r a n s i t i o n a l  nature 

of  ecotones w i l l  l ead  t o  a  d i f f e r e n t  c l a s s i f i c a t i o n  system, poss ib ly  based 

on func t iona l  c h a r a c t e r i s t i c s .  

A combination o f  s t r u c t u r a l  and func t i ona l  c h a r a c t e r i s t i c s  could be used 

( F r i s s e l l  e t  a l .  1986, Hobbs 1986, McCoy e t  a l .  1986), y e t  ne i  t he r  se t  o f  

cha rac te r i s t i cs  i s  w e l l  known f o r  the  heterogeneous domain o f  an ecotone. 

For exampl e, f u n c t i  onal processes, such as product ion  and decomposi t i on 

rates, have been s tud ied  i n  more o r  l e s s  un i fo rm ecosystems, bu t  

t r a n s i t i o n a l  zones such as ecotones have rece ived f a r  l ess  a t t e n t i o n  

(Peterjohn and C o r r e l l  1984, Ford and Naiman 1988). Fasc ina t ing  quest ions 

ar ise as t o  whether, f o r  example, n u t r i e n t  c y c l i n g  and energy f l o w  r a t e s  

are f a s t e r  o r  more v a r i a b l e  i n  ecotones than w i t h i n  t h e  i n t e r i o r  o f  a . 
resource patch. Simi 1  a r  quest ions a r i  se concerni ng popu la t ion  and communi t y  

character i  s t i c s  such as r a t e s  o f  speci a t i o n  and successi on. 



By d e f i n i  t i o n ,  ecotones are t r a n s i t i o n  zones and, as a resu l  t, the  concept 

o f  d r i v i n g  v a r i a b l k  assumes a p o s i t i o n  o f  paramount importance. Indeed, 

t he re  are d r i v i n g  var iab les  f o r  the  in te rna1 processes and other  d r i v i n g  

v a r i  ables f o r  the  ex terna l  ones which de f ine  the  ecotonal charac ter i  s t i c s .  

Presumably hydrographic var iab les  are the  most important  ones i n  land-water 

ecotones (Shugart 1984, Ford and Naiman T988). However, t he  s t rength  o f  

these c o n t r o l l i n g  va r iab les  rnay decrease near the  ex t remi ty  o f  the  ecotones 

and other  d r i  v i  ng v a r i  ab1 es may become more important.  Character i  za t i on  o f  

the  r e l a t i v e  and changing importance o f  these d r i v i n g  var iab les  w i l l  be 

necessary t o  form a basis  f o r  exp la in ing  eco log ica l  processes i n  ecotones. 

Responsiveness t o  Environmental Change. 

Among the  i n t e r e s t i n g  aspects o f  ecotones are ways i n  which these t r a n s i -  

t i o n a l  zones respond t o  changes i n  c o n t r o l l  i ng v a r i  ab1 es. The questions 

i n v o l v e  no t  on l y  the  source o f  the  changes i n  c o n t r o l l i n g  var iables,  e.g. 

na tu ra l  o r  human, bu t  whether t he  changes are caused by l oca l ,  reg iona l  o r  

g loba l  f ac to rs .  Furthermore, the  responses may i n v o l v e  on l y  c e r t a i n  compo- 

nents o f  ecotones and i n  each case, the  response t ime may be rap id ,  slow, 

del  ayed, 1 i near o r  non-1 i near . The response o f  each component depends on 

the  p r i o r  cond i t i on  o f  t he  ecotone w i t h  the  r e s u l t  t h a t  the  behaviour o f  

s i n g l e  o r  mu1 t i  p l e  components may be cumulative, be increased synergi s t i  - 
c a l  l y ,  o r  be attenuated. On the  Garonne R iver  i n  France and i n  streams i n  

nor thern  Minnesota, U.S.A. ,  we have found t h a t  ecotones respond i n  complex 

ways t o  apparent ly  simple c o n t r o l  l i n g  va r iab les  (Naiman e t  a l .  1988). Both 

systems e x h i b i t  mul t isuccessional  pathways fo r  p l a n t  community dynamics and 

n u t r i e n t  c y c l i n g  depending upon when and how the  ecotone i s  d is tu rbed 

dur ing  the  ontogeny o f  patch development. On the  Garonne River  the  communi- 

t y  eventual l y  becomes domi nated by r e d  oak (Quercus robur )  a f t e r  about 1 O00 

years, bu t  i n  Minnesota the  p l a n t  community may become e i t h e r  emergent 

oarsh, f o res ted  bog, o r  an a c t i v e  stream channel depending upon topography 

and the  i ntens i  t y  o f  a c t i  v i  t i e s  by beaver (Castor canadensi s )  . Fundamental 

comparisons o f  ecotone responses, such as these, w i l l  evaluate r e l a t i v e  

d i f f e rences  among ecotone types and t h e i r  adjacent o r  connected ecosystems. 



Related t o  t h e  response c h a r a c t e r i s t i c s  o f  ecotones i s  t h e i r  usefu lness i n  

de tec t ing  o r  mon i t o r i ng  g l oba l  change. It has been p o s t u l a t e d  t h a t  ecotones 

may be t h e  f i r s t  t o  a d j u s t  t o  human i n f l uences  on t h e  environment and, 

therefore,  may be impo r tan t  i n  examining t h e  processes i n v o l v e d  i n  g loba l  

change (Hol land, t h i s  issue,  Naiman e t  a l .  1988).  Many o f  these adjustments 

occur over r e a l i s t i c  temporal and s p a t i a l  sca les f o r  study, and thus  would 

be exce l l en t  candidates f o r  t h e  proposed I n t e r n a t i o n a l  Geosphere-Biosphere 

Observatory Programme (Dyer e t  a l .  1988). Management o f  boundaries, w i t h  a  

view towards m a i n t a i n i n g  t h e  con t inued  h e a l t h  and we l l - be ing  o f  t h e  

landscape i s ,  as y e t ,  i n  an e a r l y  s tage o f  development b u t  promises t o  

y i e l d  subs tan t i  a l  p r a c t i c a l  i n f o rma t i on .  

Descr ip t i ve  and P r e d i c t i  ve Mode1 S. 

The compl e x i  t y  o f  ecotones makes them p a r t i c u l  a r l y  amenabl e  t o  systems 

analys is  and t h e  a p p l i c a t i o n  o f  models (Naiman e t  a l .  1988). These 

explanatory t o o l s  have proven use fu l  i n  desc r i b i ng  a number o f  fundamental 

proper t ies ,  such as energy f low, n u t r i e n t  c y c l  i n g  and species popu la t i on  

dynamics (Shugart  1984). Less f r equen t l y ,  nodels  have been used t o  descr ibe  

populat ion m i g r a t i o n  and d i s p e r s i o n  p a t t e r n s  as . a  f u n c t i  on o f  h a b i t a t  

s t r uc tu re  o r  resource avai  1  ab i  1  i t y  (Jenk i  ns 1980). Because o f  t h e  

heterogeneous na tu re  o f  ecotones as edges o r  boundaries,  new chal lenges 

w i l l  be faced i n  c o n s t r u c t i n g  these  d e s c r i p t i v e  models (McCoy e t  a l .  1986, 

Johnston and Naiman 1987). Cu r ren t l y ,  i t  i s  n o t  p o s s i b l e  t o  dec ide t h e  

degree t o  which t h e  behaviour  o f  ecotones can be p red ic ted ;  however, t h e  

degree t o  which t h i s  i s  f e a s i b l e  w i l l  undoubtedly be enhanced by t h e  

developrnent and a p p l i c a t i o n  o f  mode1 S. I n  t h e  l o n g  term, these rnodel s  w i  11 

be used t o  a s s i s t  i n  t h e  management o f  ecotones, p a r t i c u l a r l y  by 

i d e n t i f y i n g  parameters t o  be n o n i t o r e d  and f o r  c l a r i f y i n g  t h e  probable 

consequences o f  a l t e r n a t i v e  management s t r a t e g i e s .  



Theoret ica l  and Conceptual. 

Many e x i s t i n g  theor ies  about the  behaviour o f  eco log ica l  systems have been 

der ived from r e l a t i v e l y  homogeneous ecosystéms. Ecotones, w i t h  t h e i r  

heterogeneous cha rac te r i s t i cs ,  o f f e r  new oppor tun i t i es  t o  t e s t  conceptual 

ideas, not  j u s t  i n  ecotones themselves bu t  i n  the re la t i onsh ips  between 

ecotones and t h e i r  adjacent eco log ica l  systems. Thus, p o s s i b i l i t i e s  e x i s t  

f o r  us ing  ecotones as a basis  f o r  eva lua t ing  theor ies,  such as 

s tab i  1 i t y - r e s i  l i ence ,  pa tch- in te rac t ions ,  f lowpath and h ie rarchy  (Forman 

and Godron 1981 , 1986 1. 

Management : Conservation, Restorat ion and Creation. 

Landscapes cons i s t  o f  a heterogeneous mosaic o f  resource patches, among 

which are ecotones. As a r e s u l t ,  ecotones are an i n t e g r a l  p a r t  o f  the  

landscape and may p lay  a l a r g e  r o l e  i n  the  con t ro l  o f  a b i o t i c  and b i o t i c  

f luxes. For  example, r i  p a r i  an t r a n s i  t i o n a l  f o r e s t s  along streams capture 

s i g n i f i c a n t  amounts o f  n u t r i e n t s  and sediments (Peter john and C o r r e l l  1984, 

1986, Pinay 1986). The s i ze  and conf igura t ion ,  and successional stage o f  

these f o r e s t  ecotones are  important  a t t r i b u t e s  which determine the ways i n  

which n u t r i e n t s  and sedinents move across the  landscape (Fustec e t  a l .  

1988). I n  add i t ion ,  these same charac ter i  s t i c s  a lso i n f l uence  the  movenent 

and popu la t ion  s t r u c t u r e  o f  b i o l o g i c a l  groups, such as b i r d s  and small 

nammals (Décamps e t  a l .  1987, Johnston and Naiman 1987, 1988). Management 

nus t  consider t he  ways i n  which these t r a n s i t i o n a l  systems i n t e r a c t  w i t h  

b i o t i c  and a b i o t i c  f l u x e s  i n  a r a p i d l y  changing g loba l  environment. 

Ecotones around t h e  wor ld are being created and destroyed by both na tura l  

and human processes (Lovéjoy e t  a l .  1986, F r a n k l i n  and Forman 1987). 

H i s t o r i c a l  changes induced by humans have s t rong ly  in f luenced the  dynamics 

o f  ecotones i n  f l u v i a l  landscapes i n  r u r a l  as we l l  as i n  urban environments 

(Hol land and Burk 1982, Sedel l  and Froggat t  1984, Fortuné 1988). 'S ince  

ecotones are so important  bu t  have been subjected t o  so nany anthropogenic 

impacts, i t  i s  imperat ive t o  understand how ecotones should be nanaged, 



conserved, res tored and, i f  necessary, created. Appropr iate management 

approaches w i l l  depend upon an understanding o f  the  behaviour o f  ecotones 

and the socio-econonic cons t ra in t s  o f  human systems. 

Socio-economic Imp l ica t ions .  

Ecotones perform a  number o f  serv ices f o r  t he  human and non-human 

components o f  t he  biosphere. Therefore, there  i s  a  p a r t i c u l a r  urgency i n  

the need t o  q u a n t i f y  t he  mu l t i t ude  o f  values o f  ecotones and, i f  possible, 

t o  describe these values i n  monetary terms. These evaluat ions must inc lude 

both the shor t - term and long-term socio-economic i m p l i c a t i o n s  as we l l  as 

the dynamics o f  how these values are expected t o  change as ecotones sus ta in  

spa t i a l  and temporal cumulat ive impacts. 

QUESTIONS AND HYPOTHESES 

The approach used t o  develop a  s c i e n t i f i c  focus revo lves  around a  se r ies  o f  

questions and hypotheses r e l  a t i n g  d i r e c t l y  t o  t he  empi r i c a l  t e s t i  ng o f  

ecotonal cha rac te r i s t i cs .  I n  May, 1988, these c h a r a c t e r i s t i c s ,  quest ions, 

and hypotheses w i  11 be expl ored d u r i  ng an i n t e r n a t i o n a l  symposium on 

t e r r e s t r i a l - a q u a t i c  ecotones, i n  Sopron, Hungary. The format o f  the  

symposium i s  o u t l i n e d  i n  t he  f o l l o w i n g  pages. The r e s u l t s  o f  t h i s  symposium 

w i  11 be used t o  devel op an i n t e r n a t i  onal cooperat i  ve research programme 

extending t o  1996. These quest ions and hypotheses are no t  comprehensive and 

are on ly  used t o  i l l u s t r a t e  the  ar ray  o f  s t i m u l a t i n g  problems fac ing  those 

concerned w i  t h  dynarni c  boundari es. Consider t he  f o l  1  owi ng: 

Question 1. What i s  the  importance o f  ecotones i n  mainta i  n i  ng 1  ocal, 

r e g i  onal and g lobal  b i  odi v e r s i  t y ?  

One cornmonly noted phenomenon i n  s tud ies  o f  w i l d l i f e  communities i s  t h e  

edge e f f e c t :  t he  tendency f o r  communi t i e s  t o  be more dense and o f t e n  more 

d iverse i n  t r a n s i t i o n  zones between communities. The edge-ef fect  i s  a  

genera l i t y  and probably does not  apply t o  a l 1  taxa  o r  t o  a l 1  ecotones. 



Nevertheless, i n  cases i n  which the  edge-ef fect  does occur, the  

b i o d i v e r s i t y  can be a f fec ted  by the  ex ten t  and qua1 i t y  o f  ecotones (Lovejoy 

1979). There are species t h a t  are c h a r a c t e r i s t i c  o f  ecotonek, o ther  species 

perform a c t i v i t i e s  needed f o r  t h e i r  su rv i va l  i n  ecotones, and the  

survival/abundance o f  these species. are d i r e c t l y  r e l a t e d  t o  the  amount o f  

ecotones i n  an area (Ghi .se l in  1977). These considerat ions lead t o  a need 

f o r  understanding ecotone/b iod ivers i ty  r e l a t i o n s h i p s  i n  managing landscapes 

(Goeden 1979). Along w i t h  species t h a t  are c h a r a c t e r i s t i c  o f  ecotones, 

t h e r e  are c e r t a i n  animals t h a t  r e q u i r e  more than one eco log ica l  system t o  

su rv i ve  such as: i nsec ts  developing as aquat ic  l a rvae  b u t  1 i v i  ng as adul t s  

on land; species t h a t  feed i n  one eco log ica l  system but  r e s t ,  nest  o r  h ide  

f rom predators i n  another (Dianond 1973); f i s h  t h a t  breed i n  mangroves o r  

marshes and then migra te  t o  the  sea as they mature (Odum e t  a l .  1984); o r  

b i r d s  t h a t  migra te  from con t i nen t  t o  con t i nen t  us ing  d i f f e r e n t  eco log ica l  

systems i n  t h e i r  breeding area, i n  t h e i r  w i n t e r i n g  area and a lso  on t h e i r  

way f rom one t o  the  o ther  ( F i t z p a t r i c k  1980; Keast and Morton 1980). These 

species move through o r  along ecotones i n  t h e i r  migra t ions  and the  fea tures  

o f  ecotones can a f f e c t  t h e i r  abundance o r  s u r v i v a l  . 

Hl: Ecotones are  charac ter ized by h igher  b i o l o g i c a l  d i v e r s i t y  than adjacent 

patches. 

Hz: The frequency o f  ecotones across a landscape d i r e c t l y  a f f e c t s  

b i o d i v e r s i t y  i n  a p red i c tab le  way (F ig.  1 1. 

Question 2. Which func t i ons  do ecotones have, and t o  what degree do 

ecotones e x e r t  f i l r t e r  e f f e c t s ?  

There i s consi derabl e e v i  dence t h a t  ecotones, such as r i  p a r i  an f o r e s t  

s t r i p s ,  a c t  as f i l t e r s  i n  t he  f lowpaths o f  n u t r i e n t s  across the  landscape. 

Peter john and C o r r e l l  (1984) showed, f o r  example, t h a t  a r i p a r i a n  f o r e s t  i n  

a Maryland, U.S.A., a g r i c u l t u r a l  watershed r e t a i n e d  89 % o f  t he  n i t rogen  i t  

rece ived compared t o  8 % f o r  adjacent cropland, thus s u b s t a n t i a l l y  reducing 
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n i t r o g e n  l oss  i n t o  the  r e c e i v i n g  stream. I n  general ,  s i g n i f i c a n t  amounts o f  

N, P, organic  mat ter  and sedinent are r e t a i n e d  by ecotonal r i p a r i d n  f o r e s t s  

(Cor re l  1  1986). 

An important  quest ion i nvo l ves  the  p r e d i c t i o n  o f  t h e  f i l t e r i n g  e f f i c a c y .  I n  

the  Peter john and C o r r e l l  study, subsurface pathways were more important  

f o r  n i t r ogen  w h i l e  phosphorus was predominately t ranspor ted  w h i l e  attached 

t o  s o i l  p a r t i c l e s  as over land f low.  Also, t h e  n i t r o g e n  l o s t  f rom t h e  system 

i n  t he  r i p a r i a n  f o r e s t  was g rea te r  than what cou ld  be accounted f o r  by t r e e  

growth. From a  p r a c t i c a l  p o i n t  o f  view, Pinay and Décamps (1988) showed 

t h a t  about 30 metres o f  groundwater f l o w  under a  r i p a r i a n  wood i n  t he  

Garonne Va l l ey  was enough t o  remove n i t r a t e  f rom t h e  groundwater. Thus, the 

" f i l t e r i n g "  process i nvo l ves  several  components, e.g., subsurface f low,  

over land f low,  deni t r i f i c a t i o n ,  and n u t r i e n t  immobi l i z a t i o n  by 

phys ica l  -chernical o r  b i o l o g i c a l  means. Therefore, t h e  chal lenge i s t o  

develop s i n g l e  models t o  p r e d i c t  t he  power o f  these ecotonal f i l t e r s ,  

probably as a  f unc t i on  of t h e  r a t e  o f  subsurface water f low,  uptake by 

vegeta t ion  growth, and d e n i t r i f i c a t i o n  f rom t h e  s o i l .  S i m i l a r l y ,  t he  annual 

p r o d u c t i v i  t y  of t h e  r i p a r i a n  f o r e s t  might need t o  be mod i f i ed  t o  capture 

the  seasonal na ture  of p l a n t  growth. That i s ,  i f  a  f o r e s t  con ta ins  a  s e t  o f  

phenological  stages w i t h  growth through most o f  t h e  year  t h i s  term would be 

grea ter  than fo res t s  w i t h  growth du r i ng  o n l y  p a r t  o f  t h e  year.  F i n a l l y ,  t he  

s o i l  organic  mat te r  term might need t o  be mod i f i ed  by t h e  percent  o f  t ime 

t h e  s o i l  i s  a t  o r  near sa tu ra t i on ,  by t h e  C / N  r a t i o  o f  t he  incoming l e a f  

l i t t e r ,  and t h e  c h a r a c t e r i s t i c s  o f  subsurface water f lows.  

This  r e l a t i v e l y  simple model can then be t e s t e d  i n  var ious  r i p a r i a n  

ecotones throughout t h e  world.  Th is  model can be used i n  management 

dec is ions  and i n  t h e  c a l c u l a t i o n  o f  socio-economic b e n e f i t s  o f  ecotones t o  

t h e  degree t h a t  i t  i s  successful  i n  p r e d i c t i n g  n i t r o g e n  uptake. On t h e  

o ther  hand, i f  the  model i s  unsuccessful i n  p r e d i c t i n g  n i t r o g e n  uptake, we 

then l e a r n  about t h e  v e r a c i t y  o f  t h e  model and t h e  m u l t i p l i c i t y  o f  n u t r i e n t  

processes i n  ecotones. Obviously t h i s  idea  i s  p a r t i c u l a r l y  amenable t o  an 

i n t e r n a t i o n a l  e f f o r t  s i  nce i t n o t  on l y  i nvo l ves  a  r e l a t i v e l y  s t r a i g h t -  



forward s t r u c t u r e  b u t  demands t h e  coord ina ted  e f f o r t  o f  c o l l a b o r a t o r s  

around t h e  world.  I n  add i t i on ,  i f  successfu l  , t h e  nodel woul d  show t h a t  t he  

p ro tec t i on  and es tab l  i shnent  o f  r i p a r i a n  f o r e s t  " b u f f e r  s t r i p s "  should be 

se r i ous l y  cons idered as a management p r a c t i  ce on a g r i  c u l  t u r a l  watersheds. 

Other recen t  works support  t h i s  conc lus ion  (Petersen e t  a l .  1987, Ford  and 

Nainan 1988, Fustec e t  a l .  1988, Pinay and Décamps 1988). 

Hl : Ecotones s t r o n g l y  i n f  1  uence t he  ad jacent  ecosystems and f r e q u e n t l y  

e x e r t  an impor tan t  f i l t e r  f u n c t i o n .  

Hz: Management techniques may successfu l  l y  mai n t a i  n  o r  enhance t h e  

f u n c t i o n s  o f  ecotones. 

Quest ion 3. 1s t h e r e  any i n f l u e n c e  o f  ecotones on t h e  s t a b i l i t y  o f  ad jacent  

patches? 

Ecotones e x i s t  over a  v a r i e t y  o f  s p a t i a l  and temporal scales.  Ecotones may 

p lay  a r o l e  i n  a f f e c t i n g  t h e  s t s b i l i t y  o f  resource patches, s ince  they  are 

created by t h e  resource patches they  separate. A t  present ,  few s tud ies  a re  

a v a i l a b l e  on t h e  optima1 s p a t i a l  and temporal aspects of ecotones which 

n i g h t  i n f l u e n c e  t h e  s t a b i l i  t y  o f  ad jacent  resource  patches (Baudry 1984, 

Forman 1984, P r i n g l e  e t  a l .  1988). Recent s t u d i e s  suggest t h a t  t h e  r e l a t i o n  

between t h e  volume o f  t h e  resource patch and i t s  ecotone has an impor tan t  

i n f l uence  on t he  genet i c  b i o d i v e r s i  ty  and i n t e r a c t i o n s  w i  t h  t h e  ad jacent  

patches (Mer r i  am 1984, Johnston and Naiman 1987). 

Hypotheses: 

Hl: An ecotone a f f e c t s  t h e  r e s i s t a n c e  and r e s i l i e n c e  o f  ad jacent  patches t o  

d is tu rbance  by r e g u l a t i n g  t h e  f l o w  o f  ma t te r  and energy between t h e  

patches. 



Hz: The s t a b i l i t y  of t h e  landscape i e . ,  patch mosaics) i s  regu la ted  by 

t h e  density,  s ize, d i v e r s i t y ,  and pers is tence o f  ecotones between major 

patches. 

H3: The rnanner by which an ecotone i s  formed a f f e c t s  the  s t a b i l i t y  

(pers is tence)  o f  the  ecotone and i t s  r o l e  i n  p rov id ing  s t a b i l i t y  f o r  

t he  adjacent patches. 

Question 4. A t  what l e v e l  o f  human investment have ecotones been maintained 

and res to red  i n  t h e  past? Related quest ions may inc lude:  Might- 

t h a t  l e v e l  be expected t o  cont inue, d im in i sh  o r  i n t e n s i f y  i n  

t he  f u t u r e ?  A t  what sca le  are  research resu l  t s  nos t  use fu l  f o r  

deci s i  on-maki ng and management? 

Since ecotones o f t e n  nay be the  f i r s t  t o  show changes r e s u l t i n g  f rom human 

i n f  1 uences on the  envi ronment, na tu ra l  resource managers need t o  consider  

t he  r o l e  o f  ecotones i n  development o f  wise management p lans f o r  na tu ra l  

environnents (Ho1 1 and, t h i  s i ssue) .  Ce r ta in l y ,  human c o n t r o l  o f  the  hydro- 

l o g i c  regime has a f f e c t e d  t h e  s t r u c t u r e  and development o f  var ious i n l a n d  

w a t e r / t e r r e s t r i a l  ecotones (Ho1 li s e t  a l .  1988). By now, s u f f i c i e n t  numbers 

o f  case s tud ies  have documented t h e  h i s t o r i c a l  r o l e  o f  humans i n  modi f ica-  

t i o n  o f  catchment basins t o  a l l ow  t h e  development o f  mathematical models 

usefu l  t o  decision-makers f o r  f u t u r e  p lanning and management (Rast and 

Ho1 1 and 1988). 

A major problem i n  eco log ica l  research l i e s  i n  t he  conceptua l iza t ion  and 

expl anat ion o f  t h e  i n t e r a c t i o n  between human a c t i v i  t i  es and na tu ra l  

processes. This  p rob len  i s  exacerbated by d i f f e rences  i n  approach and 

assumptions between natura l -sc ience and socia l -sc ience research. Here the  

concepts o f  " investment" and "use" are chosen t o  mediate these d i f ferences.  

Human investment i s  taken t o  imply a l 1  t h a t  t h e  resources mean t o  a 

p a r t i c u l a r  c u l t u r a l  community. Resource use i s  taken t o  cover t he  o ther  

s ide  o f  t he  man-environment equat ion - t h e  complementary phys ica l  

i n t e r a c t i o n  o f  people and resources, and t h e  consequent change i n  the  

c o n d i t i o n  o f  t he  resources (Unesco 1986). 



The Man and the  Biosphere Programme focuses on f o u r  themes which cu t  arross 

many ecosystems and are designed t o  answer these complex questions (Unesco 

1986). These f o u r  themes are: ( 1 ) ecosystem func t ion ing  under d i f f e r e n t  

i n t e n s i t i e s  o f  human impact, ( 2 )  management and r e s t o r a t i o n  o f  human- 

-impacted resources, ( 3 )  human investment and resource use, and ( 4 )  human 

response t o  environmental stress. Human investment inc ludes investment i n  

socia l  organi zat ion, accumulation o f  knowledge, t ime and money. This theme 

requi res the  i ntegra t i on  o f  knowledge o f  soci a l  percept ions and 

expectations, w i t h  the  behaviour o f  b iophysical  systems and w i  t h  the  

process i n  i nvestment, d i  s i  nvestment and reinvestment. I t s  focus i s t o  

examine the  l inkages and commonalities between the  - eco i n  economy and 

ecology. One p r o j e c t  which n i g h t  be v i sua l i zed  under t h i s  theme i s  the  

impact o f  g lobal  environmental change (e.g., ac id  r a i n  or  c l imate change) 

on regional  investment assumptions (Unesco 1986). 

Hypotheses : 

Hl: T rad i t i ona l  management techniques have successfu l ly  maintained or  

enhanced the  func t ions  of.ecotones i n  the  past. 

Hz: Descr ip t ive  and p r e d i c t i v e  models can be usefu l  t o  decision-makers i n  

the  i d e n t i f i c a t i o n  o f  parameters t o  be moni to red  and f o r  c l a r i f i c a t i o n  

o f  probable consequences o f  ecotone management opt ions. 

These quest ions and hypotheses w i l l  be discussed and f u r t h e r  elaborated 

upon a t  t he  May 1988 symposium i n  Sopron, Hungary. Eventual ly,  i t  i s 

ant ic ipa ted t h a t  they w i l l  prov ide a s t a r t i n g  p o i n t  f o r  the  f i e l d  research 

phase o f  t he  MAB/IHP ecotone programme. This f i e l d  research phase w i l l  be 

launched on a comparative basis o f  the  various land/water ecotones from 

d i f f e r e n t  c l  i n a t i c  s i t u a t i o n s  i n  developed and devel opi  ng coun t r i  es, ' and 

considering natura l  as w e l l  as c o n t r o l l e d  s i t ua t i ons .  We expect t h a t  a 

substant ive proposa1 f o r  a comprehensi ve r e ~ e a r c h  programme w i  11 have 

evolved f r o n  these questions by the  conclusion o f  the  symposium. 



P R O G W E  STRUCTURE 

The MAB/IHP programme on a q u a t i c / t e r r e s t r i a l  in ter faces i s  envisioned as a 

10-year p r o j e c t  (Table 1)  (F ig.  2). Programme development can be broken 

down i n t o  two phases: ( 1 )  a short-term synthet ic  phase and ( 2 )  a long-term 

c o l  1 aborat i  ve research programme. 

S h o r t ~ t e r m  Programne 

An open i n t e r n a t i o n a l  symposium on "Land/Inl and Water Ecotones: Strategies 

f o r  Research and Management" i s  scheduled f o r  23-27 May 1988 i n  Sopron, 

Hungary. Thi s symposi um w i  11 be concerned w i  t h  the  i n t e r f a c e  between 

research and management and w i l l  be convened t o  meet the  f o l l o w i n g  goals : 

- t o  produce a synthesis o f  s c i e n t i f i c  in format ion on land/ in land 

water ecotones; 

- t o  examine t h e  i m p l i c a t i o n  o f  present knowledge t o  management; 

- t o  i d e n t i f y  gaps i n  in format ion and understanding, w i t h  respect t o  

both s c i e n t i f i c  hypotheses and the needs o f  management; 

- t o  explore d i rec t ions  f o r  f u t u r e  co l l abora t i ve  research and action; 

- t o  develop a research prospectus w i t h  tes tab le  hypotheses. 

The i n t e n t i o n  o f  the  symposium 3 s  t o  prepare a synthesis based on selected 

issues and processes, w i t h  support ing case studies on research and 

management experience i n  p a r t i c u l  ar 1 ocat i  ons and regions (Table 2 ) .  More 

s p e c i f i c a l l y ,  t h e  expected outcomes from the May 1988 symposium are (1)  

twelve i n i t i a l  synthet ic  papers prov id ing a s ta te-o f  - the-ar t  evaluat ion o f  

spec i f  i c  t o p i  CS r e l  a t i  ng t o  Land/Inl  and Water ecotones, and (2)  development 

o f  a substant ive proposa1 f o r  a comprehensive research programme. The t e x t  

f o r  t h i  s proposa1 w i  11 be developed by a ser ies o f  discussion groups, and 

the  proposa1 w i l l  be conpleted by the end o f  the  symposium. Par t ic ipants  

w i l l  be expected t o  apply t h e i r  exper t ise  t o  a ser ies  o f  fundamental top ics  

addressing key issues p e r t a i  n i  ng t o  ecotones. 



T a b l e  1. Timetable of WAB work e f f o r t  

Date A c t i v i  t y  

January 1987 

id ay 1987 

May 1988 

August 1988 

November 1988 

MABECOPE consu l ta t i on  on ecotones, Pa r i s  

Ad hoc conmittee neets t o  develop d e t a i l e d  proposa1 -- 
(Toul ouse, France) 

Symposium i n  Sopron, Hungary 

Edi t mater i  a l  s  f rom workshop i n  Hungary; commence 

c o n p i l i n g  workshop r e s u l t s  f o r  p u b l i c a t i o n  i n  MAB Book 

Ser i  es 

D i s t r i b u t e  r e p o r t  w ide ly  and s o l i c i t  proposals from 

i n t e r e s t e d  research groups 

Review and approve proposals 

Commence f i r s t  f i e l d  p r o j e c t s  

F i r s t  workshop f o r  p r o j e c t  p a r t i c i p a n t s  

3 reg iona l  workshops f o r  p r o j e c t  p a r t i c i p a n t s  

Evaluat ion o f  p ro jec ts  

Compl e te  f i  e l  d  pro j ec t s /p ro  j e c t  r e p o r t  

Synthesis o f  repo r t s  and development o f  recommendations 

f o r  management o f  ecotones; p u b l i c a t i o n ( s )  i n  MAB Book 

Ser i  es 



1 YEAR / 
r u  
P 

Research Programmes - 

Data Collection - 

Model l in~ - 

Exchange of Experts - 

Worhshops 
n o t i o n  , , ~j - i Regional 

I I I I I I I 
Training Programmes -1 l 

Environmontal Educûtion - 

Domonstrotion - 
Books in - 

MA6 Sorios 
Publications I 

Sciontilic and - '  
.-~ -~ ~~ 

Iril ormationnl ~ - 

Synthesis - 

F i ~ u r e  2. The timetable f o r  general a c t i v i t i e s  associated u i t h  the UNESCO Ecotone Programme.. 



T a b l e  2. Preliminary outline of plenary lectures for the symposium in Sopron. 

Hungary 

"LAND/INLAND-WATER ECOTONES: 

PHASE 1 - S t ra teg ies  f o r  Research and Management 

a f i r s t  s tep f o r  an i n teg ra ted  i n t e r n a t i o n a l  programme" 

23-27 May 1988 Workshop i n  Hungary 

AREAS OF FOCUS FOR MAY 1988 SYMPOSIUM 

1. INTRODUCTION 

A. Preface 

1. Reason f o r  book 

2. Steps 

3. Expected c o n t r i b u t i o n s  

B. H i s t o r i c a l  perspect ive  and importance 

1. Recogni t ion o f  ecotones and appropri  a te  observat ional  

descr i  p t i  ons 

2. Theore t ica l  importance 

3. P r a c t i c a l  importance 

II. GENERAL PROCESSES 

A. Physical  , chemical and b i  o l o g i  c a l  processes c o n t r o l l  i ng ecotones 

1. Topograp,hy, hydrology, geomorphology, c l imato logy  

2. Chemi c a l  and b i  01 og i ca l  l y  impor tan t  expor t  

3. Natura l  and human d i  sturbances ( t rends )  



B. Physical , chemical and b i o l o g i c a l  processes i n  ecotones 

1. Si ze, scale, con f i gu ra t i on  

2. Energy f low 

3. B i  ogeochemi c a l  cyc l  es 

4. B i  01 ogi c a l  speci es, populat ion and cornmuni t y  dynamics ( t rends)  

5. A b i o t i c / b i o t i c  i n t e r a c t i o n s  

C. Ecotones as t e s t s  o f  theor ies  and models 

;. Patch, h ierarchy,  d i f f u s i o n ,  c l u s t e r s  

2 .  Conceptual, dynamic, s t a t i  s t i c a l  , stochast ic  

3. S t a b i l i t y ,  res i l i ence ,  connec t i v i t y  

O. Ecotones i n  1  andscape processes 

1. Contro l  o f  f lows, sediment, n u t r i  en t  

2. Con t r i bu t i on  t o  s t a b i l i t y  

3. B i  odi v e r s i  t y  

4. Hunan-produced b a r r i e r s  

5. Size, shape, connect iv i  t y  

II 1. STRUCTURE AND FUNCTION 

A. R iver ine  

1. Physical , chemical, b i o l o g i c a l  s t r u c t u r a l  and func t i ona l  

c h a r a c t e r i s t i c s  

2 .  Surface-subsurface systems and hydro log ica l  interchanges 

3. La te ra l  and l o n g i t u d i n a l  gradients, w i t h i n  and external  t o  

ecotone 

4. Comnunity and species dynamics 

B. Lake 

1. Physical , chemical, b i o l o g i c a l  s t r u c t u r a l  and func t i ona l  

charac ter i  s t i c s  

2. Surface-subsurface systems and hydro log ica l  interchanges 

3. La te ra l  and l o n g i t u d i n a l  gradients, w i t h i n  and external  t o  

ecotone 

4. Comnunity and species dynamics 



C. Met 1 ands 
1. Physical , chernical, b io logica l  s t r u c t u r a l  and funct ional  

cha rac te r i  s t i c s  
2 .  Surface-subsurface systems and hydrological interchanges 
3. Lateral  and longi tudina l  g rad ien t s ,  w i t h i n  and external  t o  

ecotone 
4. Community and spec ie s  dynamics 

D. Groundwater 
1.  Physical ,  chernical, b io logica l  s t r u c t u r a l  and funct ional  

cha rac te r i  s t i c s  
2. Surface-subsurface systems and hydrological interchanges 
3.  Lateral  and longi tudina l  g rad ien t s ,  w i  t h i n  and external  t o  

ecotone 
4. Communi t y  and spec ie s  dynamics 

IV. MANAGEMENT 
A. Pr inc ip le s  and p r a c t i c e s  : conservat ion,  r e s t o r a t i o n ,  c r ea t ion  

1. Connection between research and design c r i t e r i a  
2 .  I d e n t i f i c a t i o n  of e s s e n t i a l  a t t r i b u t e s  . 

3.  Measures of e f f ec t iveness ,  f o r  example, p u r i f i c a t i o n  

B. Socio-economic values 
1. Quant i f ica t ion  methodology 

2.  Incorporat ion i n  dec is ion  çystems 
3.  Legal/admini s t r a t i v e  cons idera t ions  

4. Costs and b e n e f i t s  (monetary and s o c i a l )  

V .  SUMMARY 
Conclusions and Recommendations 



I n  a d d i t i o n  t o  t.he i n v i t e d  plenary papers, i t  i s  envisaged t h a t  s i x  

d i  scussi on groups w i  11 neet throughout the  week. Tentat ive top ics  proposed 

f o r  d iscussion inc lude:  The management, rqs tora t ion ,  and creat ion  o f  

ecotones; the  r o l e  o f  animal s i n  ecotones; conservat ion o f  b i o l o g i c a l  

d i  ve rs i  t y  i n  ecotones; and t h e o r e t i c a l  cons idera t i  ons, such as chaos theory 

and h ierarchy  theory. It i s  envisaged tha t ,  b y  the  conclusion o f  the  

week-long symposium, a d e t a i l e d  programme o f  f u t u r e  f i e l d  research p ro jec ts  

w i l l  have been developed. 

Long-terni Collaborative Research Progranme 

Between November 1988 and May 1989 the  research proposa1 wi11 be 

d i  s t r i  buted w ide ly  t o  i nterested research groups. Between May 1989 and 

January 1990 appropri  ate f i e l d  s ta t i ons  w i  11 be i d e n t i f i e d ,  i nc lud ing  a 

combi na t i on  o f  B i  osphere Reserves, Ramsar s i  tes, NSF Long-Tern Eco1 ogi  ca l  

Research s i  tes, and IGBP Biosphere-Geosphere Observatori es (see Dyer e t  a l .  

1988). These f i e l d  s ta t i ons  w i  11 inc lude examples o f  the  various types o f  

landlwater  ecotones described i n  t h i s  paper, and represent d i f f e r e n t  

c l i m a t i c  regimes. A ser ies  o f  workshops wi11 be scheduled from 1991. 

Workshop discussions w i l l  determine the  best l oca t ions  f o r  establishment o f  

t r a i n i n g  courses and demonstration p ro jec ts  f o r  managers o f  

a q u a t i d t e r r e s t r i a l  ecotones. It i s  envisioned t h a t  f i n a l  data analys is  and 

synthesis o f  repo r t s  w i l l  occur i n  1995, w i t h  j o i n t  p u b l i c a t i o n  by MAB and 

I H P  o f  recomrnendations f o r  management o f  ecotones a n t i c i  pated f o r  1996. 

During the  e a r l y  stages o f  t h i s  process e f f o r t s  w i l l  be c l o s e l y  coordinated 

w i t h  the  proposed SCOPE programme o f  symposia and workshops (Hansen e t  a l .  

1988b). 
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A NEW SCOPE PROJECT. 

ECOTONES I N  A CHANGING ENVIRONMENT: 

THE THEORY AND MANAGEMENT OF LANDSCAPE BOUNDARIES 

Andrew J. Hansen and Francesca d i  C a s t r i  

C.N.R.S., Centre Louis Emberger, Route de Mende 

B.P. 5051, 34033 Montpellier Cedex, France 

and 

Paul  G. R i s s e r  

SchoZes Hall, Room 108, University of New Mexico 

A Zbuquerque , New Mexico 8 71 31 , USA 

Abstract. Ecotones, t h e  t r a n s i t i o n  zones between landscape elements, appear 

important i n  ned ia t i ng  the  s t r u c t u r e  and f u n c t i o n i n g  o f  eco log ica l  systems. 

Ecotones may ac t  as d i f f e r e n t i  a l  ly-permeable boundari es t h a t  i n f  luence the  

novements o f  energy, mater i  a l  s, and in fo rmat ion  across 1 andscapes. They may 

also serve as pr imary h a b i t a t s  f o r  species. SCOPE ( S c i e n t i f i c  Cornmittee on 

Problems o f  t he  Environment) i s  proposing a new p r o j e c t  on ecotones 

designed t o  enhance the  development o f  eco log ica l  theory and improve land 

management. The p r o j e c t  w i l l  examine the  i n f l uence  o f  ecotones on 

b iod ivers i  t y  and eco log ica l  f lows, ecotonal responses t o  changes i n  t he  

global environment, and t h e  management o f  ecotones i n  a changing 

environment. A d iverse  ar ray  o f  s c i e n t i s t s  w i  11 be drawn together a t  a 

series o f  forma1 workshops and ad hoc assemblages t o  synthesize e x i s t i n g  

information, formul a te  theory, and develop management s t r a t e g i  es. 

' Present address : Department of Forest Ssience, Oregon State  University,  

CorvaZZis, Oregon 9 7331, USA 



PROJECT RATIONALE 

Human Impacts on t h e  Biosphere 

Manki nd i s now dramatical  l y  i n f  luenci  ng t h e  ea r th '  s  c l ima te  and 1  andscape 

s t r u c t u r e  a t  l oca l ,  reg iona l  and g lobal  l eve l  S. Inappropr i  a te  1  and use 

p rac t i ces  i n  sen i -a r i d  areas are thought responsi b l e  f o r  reduct ions i n  

r a i n f a l l  across regions (Wal ls  1980). The burn ing o f  f o s s i 1  f u e l s  i s  

e l  eva t i  ng atmospheri c  COt and 1  i k e l y  t o  resu l  t i n global  warmi ng (Keel ing 

e t  a l .  1984, Manabe and S tou f fe r  1980). Furthermore, de fores ta t ion ,  

ag r i cu l t u re ,  and urban iza t ion  are causing major changes i n  the types and 

abundances of t e r r e s t r i  a l  and aquat ic hab i ta t s  across cont inents.  I n  many 

r e g i  ons, na tu ra l  h a b i t a t s  are be i  ng i ncreasi ng l y  fragmented as 

anthropogenic h a b i t a t s  expand (e.g., Wilson 1984, H a r r i s  1984). Whi l e  i n  

p a r t s  o f  Europe, a g r i c u l t u r a l  lands have been abandoned and are now 

undergoing important  changes i n  landscape boundary s t r u c t u r e  (Johnson and 

Corce l l  e  1987). The consequences o f  these human a c t i v i  ti es i n c l  ude 

dese r t i  f i c a t i o n  and l o s s  o f  p roduc t i v i  t y  i n  semi - a r i d  regions (Walls 1980), 

loss  o f  na tu ra l  h a b i t a t s  slrsh as wetlands and old-growth f o r e s t s  ( S w i f t  

1984, H a r r i s  1984), acce lera t ing  r a t e s  o f  species e x t i n c t i o n s  ( E h r l i c h  and 

E h r l i c h  1981 ) , poss ib le  coasta l  f looding through increases i n  sea l e v e l  

(Mal one and Roder 1985), and a l  t e r a t i o n  o f  1  andscape boundary s t ruc tu re  

(Holland, t h i s  issue) .  I n  t o t a l ,  these impacts on t h e  biosphere are 

occur r ing  a t  a r a t e  probably exceeding t h a t  o f  any previous per iod  since 

l i f e  arose (Malone and Roder 1985). 

Designing s t r a t e g i e s  t o  m i  t i g a t e  these impacts i s  d i f f i c u l  t because the  

1  i nkages between c l  imate, 1  and use changes, and t h e i r  eco log ica l  

consequences are i n s u f f i c i e n t l y  understood. The In te rna t i ona l  

Geosphere-Biosphere Programme (IGBP) has been i n i t i a t e d  t o  study these 

1  i nkages (Nat ional  Research Counci 1  1986 . Because i n t e r a c t i  ons between 

var ious components o f  t h e  landscape w i  11 o f t e n  occur i n  the  boundaries, 

research on ecotones need f i g u r e  prominant ly i n  the  g loba l  change study. 

Ecotones may i n f l uence  landscape dynamics by exe r t i ng  con t ro l  over the  f l ow  



of energy, rnateri a l  s, and organisrns between 1  andscape e l  ements. Ecotones 

also serve as h a b i t a t  and may support  unique pa t te rns  o f  b i o d i v e r s i t y .  

Thi r d l y ,  ecotonal organi  sms and ecotonal systems are 1  i k e l y  t o  respond 

d ramat i ca l l y  t o  environmental change and, accord ingly ,  i t  may be use fu l  t o  

monitor ecotones as e a r l y  i n d i c a t o r s  of g loba l  change (Hol land, t h i s  

issue) . Thus, s tud ies  on 1  andscape boundaries o f f e r  t he  oppor tuni  t y  t o  

be t te r  detect ,  understand, and manage g loba l  change. 

For these reasons, t h e  I n t e r n a t i o n a l  Counci 1  o f  S c i e n t i f i c  Unions' ( I C S U )  

S c i e n t i f i c  Committee o f  Problems i n  t he  Environment (SCOPE) i s  beginning a  

p ro jec t  on ecotones i n  t h e  con tex t  of environmental change. The p r o j e c t  

w i  11 focus on: ecol  o g i c a l  f lows and b i o d i  v e r s i  t y  associ a ted  w i  t h  ecotones; 

responses o f  ecotones t o  g loba l  change; and landscape boundary management. 

This paper b r i e f l y  examines each o f  these top ics ,  exp la ins  t h e  s c i e n t i f i c  

focus of t h e  SCOPE p r o j e c t ,  and descr i  bes t h e  o rgan i za t i ona l  s t r u c t u r e  o f  

the p r o j e c t .  

Ecotones and Ecological Flous 

An impor tan t  reason f o r  s tudy ing  ecotones r e l a t e s  t o  t h e i r  s t r a t e g i c  

p o s i t i o n i n g  between elements o f  a  landscape. Natura l  and human d is turbances 

cause most eco log i ca l  systems t o  be patchy a t  severa l  s p a t i a l  and temporal 

scales ( P i c k e t t  and White 1985). Most s tud ies  thus  f a r  have considered each 

landscape element o r  "patch" as a  homogeneous u n i t  and examined how patch 

s i  ze, shape, contagion, etc., i n f  luences severa l  response v a r i  ab1 es 

i nc lud ing  genet ic  v a r i a t i o n ,  popu la t ion  dynamics, species d i v e r s i t y ,  energy 

f low, and n u t r i e n t  c y c l i n g  (see Mooney and Godron 1983, Sousa 1984, P i c k e t t  

and White 1985 f o r  rev iews) .  The t r a n s i t i o n  zones between patches 

(ecotones) may be p a r t i c u l  a r l y  impor tan t  i n  medi a t i  ng t h e  s t r u c t u r e  and 

func t ions  o f  eco log i ca l  systems (See a l so  Hansen e t  a l .  1988, Ho l land  1988, 

Naiman e t  a l .  1988), e s p e c i a l l y  by e x e r t i n g  c o n t r o l  over t h e  f l o w  of 

materi a l  s, in fo rmat ion ,  and energy between patches (Wi ens e t  a l .  1985, 

Johnson and Naiman 1987). 



The e x t e n t  t~ which landscape boundar ies i n f l u e n c e  eco log i ca l  f l ows  i s  not  

wel 1  known and recen.t t rea tments  o f  t h e  t o p i  c  remai n  specul  a t i  ve. W i  ens , e t  

a l .  (1985) cons idered t h e  f a c t o r s  t h a t  i n f l u e n c e  t h e  s p a t t a l  p o s i t i o n i n g  o f  

energy and ma te r i  a l  s  across a  1  andscape. They i d e n t i f i e d  vec to r s  (phys ica l  

f o r c e s  and an imals)  t h a t  can t r a n s p o r t  substances aga ins t  under l y ing  

edaphic g rad ien ts .  Wind, f o r  example, may t r a n s p o r t  n u t r i e n t s  o r  organi  sms 

upslope. The t r a j e c t o r i e s  o f  these vec to r s  a r e  a f f e c t e d  by patch 

boundar ies.  The e x t e n t  t o  which boundar ies b l ock  o r  d e f l e c t  t h e  movements 

o f  vec to r s  i s  expressed as boundary "permeabi 1  i ty". Permeabi 1  i ty  i s  a  

f u n c t i o n  o f  bo th  t h e  c h a r a c t e r i s t i c s  o f  t r ie  boundary (e.g., w id th ,  

p o s i t i o n ,  phys i ca l  s t r u c t u r e )  and t h e  c h a r a c t e r i  s t i c s  o f  t h e  vec to r s  (e.g., 

mobi 1  i t y ,  t o l e r a n c e  l e v e l  s, w i  t h i n - p a t c h  densi  t y ) .  By a c t i n g  as f i  l t e r s  o f  

f l o w s  between patches, boundar ies e x e r t  c o n t r o l  over  pa tch  processes. 

There i s  some e m p i r i c a l  suppor t  f o r  t h i s  conceptual  model. Pe te r john  and 

Co r re l  (1984) moni t o r e d  t h e  movements o f  n u t r i e n t s  w i  t h i n  a  watershed 

c o n t a i n i n g  crop lands,  r i p a r i a n  f o r e s t  and a  stream. The r i p a r i a n  f o r e s t  was 

found t o  f i l t e r  n i t r o g e n  and phosphorus f r om bo th  groundwater and sur face  

r u n o f f .  The f o r e s t  r e t a i n e d  89 % and 80 % o f  t h e  t o t a l  N  and P i npu t s  

r e s p e c t i v e l y ,  w h i l e  t h e  c rop land  r e t a i n e d  o n l y  8 % and 41 % r e s p e c t i v e l y .  

The ecotonal  vege ta t ion ,  thus,  was r e l  a t i v e l y  impermeable t o  s o l u t i o n s  o f  

these n u t r i e n t s  and i n h i b i t e d  t h e i r  movement i n t o  t h e  stream. 

Ecotones may a l s o  i n f l u e n c e  t h e  spread o f  d i s tu rbance .  A  network o f  

ecotones t h a t  i s  r e s i s t a n t  t o  p a r t i c u l a r  d i s t u rbance  sometimes reduces t he  

s i  ze/ f requency d i s t r i b u t i o n  o f  t h a t  d i s t u rbance  regime. Odum e t  a l .  (1987) 

examined t h e  consequences o f  t h e  c o n s t r u c t i o n  o f  sand dunes a long t he  

seaward s ides  o f  b a r r i e r  i s l a n d s  on t h e  coas t  o f  No r t h  C a r o l i n a  (U.S.A.). 

The a r t i f i c i a l  dunes appear t o  have impeded ocean f l o o d i n g  and s a l t  

sp ray i ng  across t h e  i s l a n d s .  Th i s  change i n  t h e  d i s t u rbance  regime (a long 

w i t h  a r t i f i c i a l  p l a n t i n g  and f e r t i  l i z a t i o n  o f  dune-stabi  l i z i n g  p l a n t s )  

s t r o n g l y  i nf luenced  ad jacen t  p l a n t  communi t i e s .  Compared w i  t h  n a t u r a l  

i s l  ands, t h e  managed i s l  ands were: h i  gher i n  biomass, vege ta t i  ve cover, 

p l a n t  l i t t e r  ; lower  i n  d i v e r s i t y ;  and supported a  g rea te r  expansion o f  



shrubs. A l t e r n a t i v e l y ,  ecotones t h a t  promote t h e  spread o f  d is tu rbance  a re  

probably n o t  uncommon. For example, con i f e rous  f o r e s t s  na tu re  t r ees  

border ing e d r l y  successional  vege ta t i on  a r e  more sub jec t  t o  windthrow than 

those i n  f o r e s t  i n t e r i  ors.  (Sprugel 1976, Frank1 i n and Forman 1986). 

Patch boundaries rnay Vary i n  p e r m e a b i l i t y  t o  animal movements. Canopy b i r d s  

are more l i k e l y  t o  descend i n t o  f o r e s t  gaps i f  t h e  gaps edges a re  gradua1 

r a t h e r  t han  abrup t  ( Wunderle e t  a l  . 1987).  A l  so, Gates and Gysel ( 1978) 

found t h a t  p reda t i on  on passer ines eggs and n e s t l i n g s  was h ighes t  near. 

f o r e s t / f i e l d  edges, p o s s i b l y  these ecotones f u n c t i o n  as b a r r i e r s  t h a t  cause 

predators  t o  move p a r a l l e l  t o  t h e  edges. 

The s tud ies  descr ibed  above i n d i c a t e  t h a t  some ecotones e x e r t  c o n t r o l  over  

f lows between eco log i ca l  systems and i n  do ing so i n f l u e n c e  pa tch  

f unc t i on ing .  The g e n e r a l i t y  o f  t h i s  e f f e c t  i s  n o t  p r e s e n t l y  known. More 

research on t h e  t o p i c  rnay w e l l  improve Our understanding o f  t he  

i n t e r a c t i o n s  between landscape components and have impor tan t  i m p l i c a t i o n s  

f o r  t n e  management o f  d is tu rbance  and o t h e r  eco log i ca l  f l ows .  

B i  odi versi ty and Ecotones 

The s tudy o f  b i o t i c  d i v e r s i t y  i n  ecotones has even more d i r e c t  i m p l i c a t i o n s  

f o r  management. The r a t e  o f  spec ies e x t i n c t i o n  has d r a m a t i c a l l y  acce le ra ted  

i n  recen t  decades, l a r g e l y  due t o  h a b i t a t  a l  t e r a t i o n s  by  man ( E h r l i c h  and 

E h r l i c h  1981 ) . Reduct ions i n  gene t i c  v a r i a b i l i  t y  and l o c a l  e x t r i p a t i o n  o f  

species, though p o o r l y  quant i? f ied,  a re  p robab ly  even more p reva len t .  The 

value o f  mai n t a i  n i n g  b i o t i c  d i  v e r s i  t y  has been analyzed on medical, 

a g r i c u l  t u r a l  , ecolog ica l ,  and a e s t h e t i c  grounds (See W i  1 son 1984).  

A problem r e l a t e d  t o  t h e  l o s s  o f  some spec ies i s  an undes i rab le  increase i n  

the  abundance o f  o thers .  Ruderal species (sensu Grime 1979) are 

p a r t i c u l  a r l y  a p t  t o  i nvade a r e g i o n  f o l  1 owi ng human d i  sturbance and become 

pests (Crawley 1987).  The phenomenom i s s u r p r i  s i n g l y  common (Crosby 1986) 

and t h e  economic losses  due t o  pes t  species i s  ext remely  h igh.  Less w e l l  



known are the eco log ica l  costs i n  t e rns  o f  the displacement o f  na t i ve  

species o r  t he  destabi 1  i za t ion  o f  eco log ica l  processes (Mooney and Drake 

1986). 

Speci es r a r i  t y  and overabundance are o f  ten  r e l  a ted t o  1  andscape s t r u c t u r e  

and, i n  p a r t i c u l a r ,  t o  boundary charac ter i  s t i c s .  W i  l d l  i f e  managers have 

long recognized t h a t  some types o f  ecotones support h igh  d i v e r s i t y  and 

abundance o f  ver tebra tes  (Leopold 1933, Dasmann 1964). Thi s  "edge e f f e c t "  

i s no t  un iversa l ,  however. Ecotones. sub jec t  t o  h i  gh 1  evel s  o f  d i  sturbance 

(e.g., the  edges o f  unstable water bodies)  may be poor i n  species (van der 

Maarel 1976). Furthermore, t h e  c r e a t i o n  o f  h a b i t a t  edges may reduce 

r e g i  onal d i  v e r s i  t y  because patch i n t e r i  o r  speci es are  1 o s t  (Noss 1983 1. 

The r e l  a t i onsh i  ps between 1  andscape s t r u c t u r e  and species abundance are 

of ten cornplex and i n v o l v e  several o rgan iza t iona l  l eve l s .  A conceptual model 

o f  these l inkages i s  presented i n  F igu re  1. According t o  the  model, 

disturbances and o the r  environmental f l u c t u a t i o n s  (agents o f  change) e i t h e r  

i n f  1  uence popul a t i  on demography d i  r e c t l y  by i n j u r i  ng o r  k i  11 i ng i ndi  v i  dual s  

o r  ac t  i n d i r e c t l y  by a l  t e r i  ng 1  andscape s t ruc tu re .  The complex o f  resource 

patches, hab i ta ts ,  c o r r i  dors, and b a r r i e r s  t h a t  compri se the  1  andscape 

(Forman and Godron 1986) prov ide a  contex t  t h a t  va r i es  i n  s u i t a b i l i t y  f o r  

each species. Species abundance may Vary accordingly .  Demography i s  a lso 

in f luenced by i n te rna1  c o n t r o l .  The genet ic  s t r u c t u r e  o f  t he  popu la t ion  and 

the  environment i n t e r a c t  t o  produce a  popu la t ion  phenotype, o r  l i f e  h i s t o r y  

s t rategy,  which sets the  l i m i t s  f o r  demographic pararneters such as r a t e  o f  

increase o r  s i z e  s t r u c t u r e  ( G i l p i n  and Soulé 1986). Considerat ion o f  

genet ics i s especi a l l y  important  f o r  small populat ions because inbreeding 

and genet ic  d r i f t  are more l i k e l y  reducing popu la t ion  f i t n e s s  (Thompson 

1985, A l  1 e n d o ~ f  and Leavy 1986). 

Agents o f  change such as de fo res ta t i on  may reduce the  h a b i t a t  o f  a  species 

t o  small, i s o l a t e d  patches t h a t  can support on l y  small populat ions. Genetic 

d r i f t  o r  inbreeding may then lower t h e  f i t n e s s  o f  t he  popu la t ion  and 

e levate  t h e  r i  sk o f  e x t i n c t i o n  ( V r i  jenhoek 1985). A l t e r n a t i v e l y ,  
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Figure 1.  Conceptual iode1 o f  the relat ionships among factors that influence the 

abundance o f  a species. nAgents o f  Changen refers  to  environmental fluctuations 

and disturbances (Hansen and Yalker, 1985). Sec t e x t  fo r  further explanation. 



env i  ronmental events t h a t  enhance h a b i t a t  connect i  v i  t y  may a l  1 ow some 

species t o  become overabundant and i n v a s i v e .  Such spec ies may themselves be 

agents o f  change t h a t  a l  t e r  landscape p a t t e r n  o r  t h e  demography o f  o ther  

speci  es. 

It appears, thus,  t h a t  these a re  impor tan t  l i n kages  between landscape 

boundary s t r u c t u r e  and b i o d i v e r s i t y .  Research i s  needed t o  assess how these 

1 inkages a r e  i n f l uenced  by n a t u r a l  agents o f  change and t h e  e x t e n t  t o  which 

human-i nduced change wi 11 mod i fy  these r e l  a t i o n s h i  ps. C lea r l y ,  t h i  s work 

w i  11 requ i  r e  i n v e s t i g a t i o n  a t  severa l  1 eve l  s o f  o rgan i  z a t i o n  i n c l  u d i  ng t h e  

genet i  c, popul a t i  on, and 1 andscape 1 eve l  S. 

Ecotones as I n d i c a t o r s  o f  Global  Change 

The IGBP i s designed t o  coo rd i  na te  nyd ro log i  c, atmospheric and t e r r e s t r i  a l  

research on b i osphe r i c  impacts o f  human a c t i  v i  t i e s  (Na t i ona l  Research 

Counci l  1986).  Changes i n  g l oba l  s t a t e  v a r i a b l e s  such as r e f l e c t i v i t y  o r  

atmospheric temperature a re  expected t o  induce responses i n .  vege ta t ion .  

These responses may be p a r t i c u l a r l y  acu te  a t  landscape boundaries and hence 

t h e r e  i s  cons iderab le  i n t e r e s t  i n  m o n i t o r i n g  ecotones t o  assess t he  

dynamics o f  g l oba l  s t a t e  v a r i a b l e s .  The r a t i o n a l e  i s  t h a t  many organisms 

exper ience severe l i m i t a t i o n s  i n  t h e  t r a n s i t i o n  zones between communities. 

Accord ing ly ,  changes i n  environmental  c o n d i t i o n s  should be r a p i d l y  man i fes t  

as changes i n  t h e  l o c a t i o n  o r  c h a r a c t e r i  s t i c s  o f  ecotones ( Solomon 1986). 

M o n i t o r i n g  ecotones t o  assess g l o b a l  change w i l l  r e q u i r e  i n n o v a t i v e  

methodolog ica l  approaches. Measurements need be made over  a broad range o f  

s p a t i a l  and temporal  sca l  es (Na t i ona l  Research Counci 1 1986), perhaps by 

u s i  ng remote sens i  ng t o  suppl ement ground-based methods (See Dyer and 

Cross ley 1986).  Wi th  t h i s  technology e c o l o g i s t s  can, f o r  t h e  f i r s t  t ime, 

c o l l e c t  da ta  a t  a v a r i e t y  o f  sca les:  from coarse s p a t i a l  sca les  and h i g h  

-temporal r e s o l  u t i o n s  t o  f i n e  s p a t i a l  sca les  and low temporal  r e s o l u t i o n s .  

A l  though few, i f  any, remote sensing s t u d i e s  have focused e x c l u s i v e l y  on 

ecotones, a growing c o l l e c t i o n  o f  v e g e t a t i o n  s tud ies  have been completed. 



These range f rom mon i t o r i ng  p r imary  p l a n t  p r o d u c t i v i  t y  and seasonal i t y  

across e n t i r e  c o n t i n e n t s  (eg. Tucker and S e l l e r s  1986, Goward e t  a l .  1986) 

t o  mapping u n i t s  w i t h i n  r eg ions  (Wh i te  and Mac Kenzie 1986). 

The approach i s  no t  w i t hou t  l i m i t a t i o n s  a t  t h e  p resen t  t i m e  (Lacaze, 

persona1 communication). Cloud cover  o f t e n  r e s u l t s  i n  unacceptab ly  low 

temporal f requency. Over lapp ing spec t ra l  r e f l e c t a n c e  among p l a n t  spec ies o r  

communities o f t e n  makes vege ta t i on  mappi ng d i f f i  c u l  t. And t h i  r d l y ,  i t i s 

o f t en  d i f f i c u l t  t o  l i n k  t h e  f i ne - sca led ,  many-var iab le  da ta  s e t s  o f  f i e l d .  

s tud ies w i t h  t h e  l a rge r - sca le ,  few v a r i a b l e  da ta  s e t s  from s a t e l l i t e  

imagery. Desp i t e  these  l i m i t a t i o n s ,  use o f  remote sens ing technology f o r  

moni tor ing ecotones seems f e r t i l e  ground f o r  research.  

SCIENTIFIC FOCUS OF PROJECT 

The SCOPE ecotones p r o j e c t  w i  11 examine p a t t e r n s  and processes o f  

b i o d i v e r s i  t y  and eco log i ca l  f l ows  associ  a ted  w i t h  ecotones, espec ia l  l y  

under t h e  i n f l u e n c e  o f  n a t u r a l  and anthropogenic agents o f  change. S p e c i f i c  

ob jec t i ves  a re  as f o l  lows: 

1. Review and syn thes ize  e x i s t i n g  i n f o r m a t i o n  on t h e  p a t t e r n s  and 

processes o f  : 

( a )  gene t i c ,  species, and 1 andscape d i v e r s i t y  i n  eco l  o g i c a l  

system boundar ies ; 

( b )  m a t e r i a l ,  energy, and gene t i c  i n f o r m a t i o n  f l ows  across 

e c o l o g i c a l  boundar ies.  

2. Assess t h e  s u s c e p t i b i l i t y  o f  organisms and ecotones t o  

env i  ronmental change, especi  a l  l y  a t  t h e  g l o b a l  l e v e l  . 
3. Eva lua te  ecotones as e a r l y  i n d i c a t o r s  o f  g l o b a l  change. 

4. Formulate  mathematical models f o r  unders tanding and managing 

ecotones. 

5 .  Develop management s t r a t e g i e s  and techniques f o r  o p t i m i z i n g  

landscape c h a r a c t e r i s t i c s .  

I n  order  t o  ach ieve these o b j e c t i v e s ,  t h r e e  genera l  ques t ions  w i l l  be 

exp 1 ored . 



F i  r s t ,  how do eco log i ca l  system boundaries i n f  1  uence b i o t i c  d i  v e r s i  t y  and 

t h e  f l ows  of energy, i n f o rma t i on ,  and m a t e r i a l s  ? The p a t t e r n s  o f  d i v e r s i t y  

and ecol  o g i c a l  f lows w i  11 be d e s c r i  bed i n  1  andscapes o f  d i f f e r i  ng boundary 

s t r u c t u r e .  The mechanisms unde r l y i ng  these  p a t t e r n s  and t h e i r  consequences 

r e l a t i v e  t o  system f u n c t i o n i n g  w i  11 then  be analyzed. These t o p i c s  w i l l  be 

examined a t  va r i ous  o r g a n i z a t i o n a l  l e v e l s  i n  o rder  t o  c l a r i f y  t h e  

r e l  a t i o n s h i  p  betwien genet i c ,  popu la t i on ,  and 1  andscape processes. The 

e f f e c t s  o f  n a t u r a l  d is tu rbance  and o t h e r  agents o f  change w i l l  be 

e x p l i c i t e l y  considered. Impor tan t  a n c i l l a r y  t o p i c s  such as t h e  

c l  ass i  f i  c a t i  on o f  ecotones and t h e  h i  s t o r y  o f  human impacts  on 1  andscape 

s t r u c t u r e  w i l l  a l s o  be addressed. 

Second. how w i l l  b i o d i v e r s i t v  and e c o l o a i c a l  f l o w s  assoc ia ted  w i t h  ecotones 

respond t o  env i  ronmental change, especi  a l  l y  i n  g l o b a l  c l  imate, sea 1,evel , 
land  use, and atmospheric t r a c e  gases ? The focus here  i s  on t h e  waJs i n  

which t h e  r e l a t i o n s h i p s  between landscape s t r u c t u r e ,  b i o d i v e r s i t y ,  and 

eco log i ca l  f l o w s  a re  be ing  a l t e r e d  by  human a c t i v i t y ,  e s p e c i a l l y  a c t i v i t i e s  

t h a t  cause change a t  t h e  g l o b a l  l e v e l .  The p r o j e c t  w i l l  i n v e s t i g a t e  which 

types  o f  spec ies and e c o l o g i c a l  systems a r e  most susceptib1.e t o  change as a  

consequence o f  human d is tu rbance .  I n  t h e  case o f  organisms, s u s c e p t i b i l i t y  

r e f e r s  n o t  o n l y  t o  t h e  l i k e l i h o o d  t h a t  a  spec ies w i l l  become ra re ,  b u t  a l s o  

t h e  poss i  b i  1  i t y  t h a t  i t w i  11 become overabundant and i nvas i ve .  S tud ies  o f  

t h e  s e n s i t i v i t y  o f  ecotones t o  environmental  change a re  a l s o  impo r tan t  and 

t h e  p r o j e c t  w i l l  eva lua te  t h e  f e a s i b i l i t y  o f  m o n i t o r i n g  ecotones as e a r l y  

i n d i c a t o r s  o f  g l o b a l  change. 

Th i rd ,  how should ecotones be managed w i t h i n  a  changing environment ? Given 

t h a t  man i s  now capable o f  impac t ing  t h e  biosphere, we need t h e  knowledge 

and t h e  techniques t o  m a i n t a i n  o r  c r e a t e  s u i t a b l e  o r  op t ima l  landscape 

p a t t e r n s  w i t h i n  t h e  c o n t e x t  o f  environment change. The f i n a l  phase o f  t h e  
SCOPE p r o j e c t  wi 11 i nvo l  ve i n t e g r a t i n g  t h e  r e s u l  t s  o f  p rev ious  p r o j e c t  

a c t i  v i  t i e s  t o  develop s t r a t e g i e s  and techniques f o r  1  andscape management. 



These t h ree  quest ions w i  11 be exami ned by r e v i  ewi ng and synthes i  z i  ng 

ex i  s t i n g  in format ion,  no t  v i a  f i e l d  research. S c i e n t i s t s  from d i ve rse  

d i s c i p l i n e s  w i l l  i n t e g r a t e  p rev ious  s tud ies,  eva lua te  c u r r e n t  theory,  

develop new theory,  c o n s t r u c t  mathematical models, and generate management 

approaches. These a c t i  v i  t i e s  w i  11 take  p lace  p r i m a r i  l y  d u r i  ng forma1 

workshops and meet ings o f  small ad hoc work ing groups. 

PROJECT STRUCTURE 

The l i o n ' s  share o f  t h e  p r o j e c t  a c t i v i t i e s  wi11 revo l ve  around t h ree  

semi-independent workshops (Table 1 ) .  Each w i l l  be unique i n  terms o f  

general s c i e n t i f i c  quest ions, organi  z a t i o n a l  and ed i  t o r i  a l  d i r e c t o r s h i  p, 

loca t ion ,  and f i n a l  product .  The workshops w i l l  be l i n k e d ,  however, i n  t h a t  

the  product  o f  one w i l l  be t h e  p o i n t  o f  depar tu re  f o r  t h e  next.  

, Add i t i ona l l y ,  t h r e e  ad hoc working groups w i l l  assemble and g i v e  spec ia l  

: a t t e n t i o n  t o  t h e  c l a s s i f i c a t i o n  o f  ecotones, human impacts on landscape 

s t ructure,  and mathematical approaches f o r  s tudy ing  and managing ecotones. 

The p r o j e c t  w i l l  con t inue  f o r  t h r e e  years and cu lm ina te  w i t h  a f i n a l  

synthes is  meeting. 

The workshops w i  11 have a s tandard format .  Approximately 25 s c i  e n t i  s t s  w i  11 

at tend a t  each 4-5 day meeting. P lenary  papers w i l l  be o f f e r e d  f i r s t .  Wor- 

k ing  groups w i l l  t hen  convene i n d i v i d u a l l y ,  p resen t  s h o r t  working papers on 

s p e c i f i c  t o p i c s ,  d iscuss and analyse t h e  t o p i c s  a t  hand, and r e p o r t  back t o  

the p l ena ry  session. The workshops w i l l  c l o s e  a f t e r  a p e r i o d  f o r  syn thes is  

and reassessment o f  f u t u r e  goa ls  and a c t i v i  t i e s .  The p a r t i c i p a n t s  w i  11 be 

se lected based on t h e i r  e x p e r t i s e  i n  t h e  s p e c i f i c  t o p i c s  t o  be examined. 

For t h e  sake of p r o j e c t  coherence and c o n t i n u i t y ,  some s c i e n t i s t s  w i l l  

p a r t i c i p a t e  i n  a l  1 t h r e e  workshops; o t h e r s  w i l l  a t t e n d  o n l y  one o r  two. 

Workshop 1 - Biodiversity. Ecological Flom, and Ecotones 

The f i r s t  workshop w i l l  examine t h e  p a t t e r n s  o f  b i o d i v e r s i t y  and eco log i ca l  

f lows assoc ia ted wi t h  pa tch  boundari es, t h e  mechani sms unde r l y i ng  these 



Tab le  1. Overvieu o f  a c t i v i t i e s  planned f o r  SCOPE p r o j e c t  on ecotones. 

A t t r i b u t e  A c t i v i  t y  

1 I Workshops I Special Papers I I n te rna t i ona l  1 Synthesis I 

I I 1 II III I 1 Worki ng Group I I 

l I I I I 
I Subject 1 In f luence o f  I Relat ionships I Management of I l  C lass i f i ca t i on l  Mathematical 1 I n teg ra t i on  of  1 

I ecotones on 1 between I ecotones w i t h i n l  of ecotones 1 approaches f o r  1 a l 1  p ro jec t  : 
I b i o d i v e r s i t y  andl ecotones and .I a changing 12 Human impacts 1 ecotone 1 a c t i v i t i e s  : 

I ecologicai  f lows l  g loba l  change I environment I on landscape 1 research and 1 ! 

I I I I s t ruc tu re  I management 1 I 

l 1 I I I I 1 '  
1 Format 1 4-day meeting 1 4-day meeting 1 4-5 day meeting1 To be decided I Two in formal  1 4-day l 

I 1 w i t h  plenary 1 w i t h  p lenary  1 w i t h  p lenary  1 by Nat ional  1 work sessions 1 I n t e r a c t i v e  1 

I I papers and I papers and I papers and I Cornnittees I o f  2-4 days 1 techn ica l  ! 

I 1 working groups 1 worklng groups 1 working groups 1 I each ( consu l ta t ion  1 

I 1 I 1 I I I-- I 
1 Number o f  1 I 1 1 To be decided 1 1 I 
IPa r t i c i pan ts l  25 1 25 1 2 5 1 by Nat ional  I 3-4 1 15 1 
I 1 1 I 1 Committees 1 I l 

I l I I I I 1-- I 
I Date I l 1 I January 1988 1 June 1988 1 I 

1 1 September 1988 1 May 1989 1 October 1989 1 t o  1 t o  ( MarcP, 1990 1 

l I I 1 I January 1989 1 September 1989 1 i 

I I I I I 1 I 
1 Locat ion * 1 I I 1 To be decided 1 I I 

1 1 France 1 USA 1 USSR I by Nat ional  1 Aus t r i a  1 Aust r ia  I 

I I I 1 I tomnit tees I I ! 

1 Products l Comnercially 1 Comnercially 1 Commercially 1 S c i e n t i f i c  1 S c i e n t i f i c  1 Book f o r  SCGPE i 

I 1 publ ished book 1 publ ished book 1 publ ished book 1 journa l  I journa l  I Series by Jonn I 

I I I I 1 a r t i c l e s  1 a r t i c l e s  1 Wiley & Sons I 

Locat ions are ten ta t ive .  based upon eventual  funding sources. 



pat terns,  and t h e i r  consequences f o r  system func t i on ing .  It w i l l  be basic  
i n  approach and focus p r i m a r i l y  on landscapes sub jec t  t o  na tu ra l  agents o f  

change. The main o b j e c t i v e  i s  t o  rev iew empi r i ca l  i n fo rma t i on  and improve 

cur ren t  theory  on b i o d i v e r s i t y  and f lows i n  ecotones t h a t  a re  n o t  s t r o n g l y  

i n f  1  uenced by human a c t i  v i  t i es. 

Workshop 1  w i l l  open w i t h  p lenary  papers t h a t  rev iew c u r r e n t  knowledge on 

the s t ruc tu re ,  func t ion ,  and c l a s s i f i c a t i o n  o f  ecotones and pa t te rns  o f  

d i v e r s i  ty, and ecol og i ca l  f lows associ ated w i  t h  ecotones (Table 2 ) .  One- 

study group w i  11 then concentrate on b i o d i v e r s i  ty  a t  var ious  organi  za t i ona l  

l eve l s  and t h e  o ther  on eco log ica l  f lows w i t h i n  and across boundaries. The 

two groups w i l l  then r e u n i t e  t o  d iscuss t h e  commonalit ies and d i f f e rences  

i n  these two r e l a t e d  top i cs .  It i s  expected t h a t  t h i s  i n t e r a c t i o n  between 

evo lu t ionary  b i o l o g i  s t s  and community eco log i  s t s  w i  11 c l a r i f y  t h e  1  i nks  

between genet ic ,  populat ion,  and landscape processes. The workshop w i l l  end 

w i th  a  p lena ry  session on t h e  poss ib le  c o n t r i b u t i o n s  ecotones research can 

make t o  t h e  I n t e r n a t i o n a l  Geosphere-Biosphere Program on g loba l  change. 

Workshop I I  - Hunan Impacts on Ecotones 

Workshop II w i l l  focus on t h e  i n f l uences  o f  human-induced environmental 

change on b i o d i v e r s i t y  and f lows a t  ecotones, e s p e c i a l l y  changes i n  g loba l  

c l imate, sea l e v e l ,  l and  use, and atmospheric t r a c e  gases. One goal i s  t o  

assess which species and which eco log i ca l  systems are most suscept ib le  t o  

such changes and t h e  f a c t o r s  t h a t  u n d e r l i e  t h i s  s e n s i t i v i t y .  Another goal 

i s  t o  evaluate t h e  usefulness o f  mon i to r ing  ecotones as e a r l y  i n d i c a t o r s  o f  

g lobal  change. 

The i n i t i a l  p lenary  papers w i l l  rev iew cu r ren t  p r e d i c t i o n s  on g loba l  change 

and previous research on organism and ecotone s u s c e p t i b i l i t y  t o  and 

in f luence on g loba l  change (Table 3 ) .  The study groups w i l l  analyse these 

top ics  i n  g rea ter  d e t a i  1. The meeti ng w i  11 conclude w i  t h  d iscuss ion  on 

methodologies and f a c i  1  i t i e s  requ i  r e d  f o r  mon i to r ing  i n t e r a c t i o n s  between 

ecologica l  boundaries and g loba l  change parameters. 



Tab le  2. Tentative contents of Morkshop 1 on biodiversity and ecological flous 

associated uith ecotones. 

Morni ng Afternoon 

1 P lenary Papers 

Day 1 I 

1 I n t roduc t i on  

1 
1 C l a s s i f i c a t i o n  o f  Ecotones 

I 
1 Human Impacts on Ecotones 

I 
1 
I  

I Plenary Papers 

I 
I S t ruc ture  of Ecological  

1 Boundaries 

l 
1 Processes i n  Ecotones 

1 
1 B i o d i v e r s i t y  

1 
1 Ecological  Flows 

1 Concurrenr Working Group 1 Concurrent Working Sessions I 
Uay II 1 Papers 1 I 

I I I 

I D i v e r s i t y  I Flows 1 I  

IGenetic Level I Wi th in  1 I 
ISpecies Level I Ecotones I 1 
ILandscape Leve l l  Through 1 Plenary Reviews 1 
1 1 Ecotones 1 I  

I I 1 
I Concurrent Working Sessions 1 1 

Day III 1 1 1 

I I I 
1 I Open I 
I l 1 
1 Summary w i t h i n  Groups 1 1 
I 1 1 
I Working tiroup Reports I Synthesis 1 

Day I V  I \ I 
I 1 Expectatlons f o r  Global 1 
I I Change I 
1 Parameters f o r  Monitor ing 1 1 
1 Ecotones 1 Future Questions and 1 
1 1 Research on Ecotones I 
1 1 and Global Change 1 



Tab le  3. T e n t a t i v e  schedu le  f o r  Yorkshop II on o r g a n i s i  and  eco tone  response  t a  

and i n f l u e n c e  o n  g l o b a l  change. 

Morni ng Af ternoon 

I Plenary Papers 

Day 1 l 
I Pro jec t  Object ives 

I and Summary o f  Workshnp I 

I 
1 Organism and Ecotone 

I Susceptab i l i t y  t o  and 

1 in f luence on Global Change 

I 

I 

1. Plenary Papers I 
I I 
I Pred ic t ions  on Global I 

1. Change concerning Climate, I 
I Land Use. Sea Level, A i r  1 
1 P o l l u t i o n  and Extreme I 

I Events I 

I I 

I l 

I 1 

I Concurrent Working Group I Concurrent Working Sessions 1 
Uay II I Papers I I 

l I I 
I 8 i o d i v e r s i t y  1 Flows I I 
I Suscep tab i l i t y l  Suscep tab i l i t y l  I 

I t o  and I t o  and 1 1 
I Inf luence on I In f luence on 1 Plenary Reviews I 

I Global Change I Global Change 1 I 
1 I I 
I Concurrent Working Sessions 1 l 

Uay III I I I 
l I I 

1 1 Open I 

I I I 
I Sumnary w i t h i n  Groups 1 I 
I 1 I 
1 Working Group Reports J Synthesls l 

Day I V  I 1 I 
I 
I 
I Use of Models 

I I 

I I 
1 Future Questions and 1 

1 Needs f o r  Biospher ic 1 Research on Ecotones I 

1 Observatories 1 and Global Change 1 
l 1 I 



Workshop III - Managing Ecotones 

With in  the  context  o f  a changing environment, how should ecotones be 

managed ? To what extent  can susc.eptible species o r  ecotonal systems be 

s tab i l i zed ,  preserved, o r  res tored t o  mainta in o r  c reate  opt imal landscape 

c h a r a c t e r i s t i c s  ? These questions w i l l  be the  f o c i  o f  t he  t h i r d  workshop. 

Tne prec ise  contents o f  the  meeting are cont ingent upon the  outcome o f  

Workshops 1 and II and e a r l y  developments i n  IGBP. Tentat ive ly ,  the  plenary 

session w i l l  open w i t h  a review o f  t he  previous consu l ta t ions  (Table 4 ) .  A 

re t rospee t i  ve analys i  s w i  11 then compare recent human impacts on 1 andscape 

s t ruc tu re  w i  t h  the  longer-term, h i  s t o r i c  r e l  at ionships between the  

development o f  c i  v i  1.i zat ions and 1 andscape charac ter i  s t i cs .  Other p lenary 

top i cs  w i  11 inc lude conservat ion s t ra teg ies  and techniques, mathematical 

mode1 s usefu l  f o r  management, the  r a t i o n a l e  and process o f  moni tor ing 

ecotones . 

One study group wi11 discuss s t ra teg ies  and techniques f o r  the  

conservation, res to ra t i on ,  and c r e a t i o n  o f  ecotones. Innovat ive approaches 

w i  11 be examined such as "bioengi neering" ecotones, a l t e r a t i n g  species 

composition o r  vegetat ive s t ruc tu re  t o  a t t a i n  s p e c i f i c  goals. One such goal 

may be i n h i b i t i n g  c e r t a i n  species from becoming overabundant and invasive.  

The "canary" approach o f  moni t o r i  ng sensi t i  ve speci es as e a r l y  warni ng 

signs o f  environmental change wi11 a lso  be explored. The genetic 

v a r i  abi 1 i ty ,  product i  v i  t y ,  o r  populat ion dynamics o f  various p l a n t  o r  

animal species may be good i ndi cators o f  spec i f  i c  envi ronmental changes, 

and i n  addi t ion,  s p e c i f i c  c h a r a c t e r i s t i c s  o f  ecotones may a lso  be s e n s i t i v e  

i nd i ca to rs .  

The o ther  study group w i l l  deal w i t h  mathematical modeling as a management 

t o o l  . The need i s  apparent f o r  mu l t i - sca le  models t h a t  simulate and couple 

processes a t  various organizat ional  l e v e l s .  The goal o f  the  modeling e f f o r t  

i s  t o  analyse ways o f  improving landscape c h a r a c t e r i s t i c s  v is -à-v is  ecotone 

management. 
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Tab le  4. Tentat ive contents o f  Yorkshop III involving ianaging ecotones i n  a 

changing environment. 

Morni ng Afternoon 

I Plenary Papers I Plenary Papers 

Oay 1 I I 
I Resul ts o f  Workshop 1 and I I I  Conservation St ra teg ies  

I I 
1 Retrospect ive Analysis of I Models f o r  Management 

1 Hurnan In te rac t i ons  w i t h  1 
1 Landscape St ruc ture  I Rationale and Techniques 

I fo r  Management 

I 
I 

I Concurrent WorkIng Group 1 Concurrent Working Sessions 1 
Oay II 1 Papers I I 

I I I 
1 Conservation I Management I I 
I S t ra teg ies  andl Models 1 1 
I Technlques I I 

1 Bioengineering 1 Mu1 t i p l e -  I 
1 o f  Ecotones 1 scale Modelsl Plenary Reviews 

1 Ecotones cha- I Landscape I 

1 r a c t e r i s t i c s  1 Opt i rn izat ionl  

I as I I 
I i nd i ca to rs  I I 
1 o f  change I I 
I I 
I I I 
1 Concurrent Working Sessions I I 

Day III 1 I l 
4 l Open l 
I I I 
1 Sumnary w l t h i n  Groups I I 

I l I 
I I I 
1 Worklng Group Reports 1 Regional Examples I 

Day I V  1 I I 

I I I 
1 S'ynthesis 1 I 

Uay V I I I 
( Future Prospects f o r  Research I Open I 
1 and Management I I 

I I l 



The working group reports will be followed by plenary papers that offer 
regional examples of ecotone management in a range of biomes including 
those in humi d tropics, seasonal ly-ari d subtropi C S ,  temperate zones, col d 

zones, and wetlands. The workshop wi 11 end wi t h  discussion on the synthesis 

of regional and global management approaches. 

Ad Hoc Working Groups 

Two topics of study are identified as meriting special attention early in 

the ecotones project: cl assi f i  cation of ecotones and human impacts on 
landscape patterns. Consideration of the f i r s t  i s  essential for the 
development of theory o n  ecotones and the l a t t e r  has direct  implications 
for landscape management. Groups of 3-4 scient is ts  will be convened by 

SCOPE National Committees to prepare in-depth special papers on each of 
these subjects and present them in the plenary session of Workshop 1. 

Addi t i  onal ly,  an international worki ng group wi 11 be organi zed on 
mathematics and modeling. Various mathematical approaches appear 
potential l y  useful for  the study of ecological system boundaries. These 
include fractal  geometry, (Loehle 1983), diffusion models (Okubu  19801, 

hierarchy theory (O'Nei 11 e t  a l .  19861, catastrophy theory (Poston and 

Stewart 1978), and spatial autocorrelation (Ripley 1978). The ad hoc 
working group of three or four scient is ts  will evaluate the applicability 
of these techniques for  ecotone research and management. The group will 
report their  findings a t  Workshop I I I .  

Synthesi s 

The project will conclude with a synthesis meeting. Key participants in the 

project will draw together al1 of the information and materials generated 
during the project for  integration i n t o  a concise, state-of-the-art account 
of the theory and management of ecotones in a changing environment. 



Cooperation wi th  Other Psograms 

A key t o  a successful SCOPE p r o j e c t  on ecotones w i l l  be the  c lose 

i n t e r a c t i o n  and cooperat ion w i  t h  o the r  sc i  e n t i f  i c  groups t h a t  are 

addressing problems on landscape pa t te rn ing  and environmental change. 

Studies t h a t  a re  e s p e c i a l l y  p e r t i n e n t  t o  t h i s  one inc lude:  the  SCOPE 

p r o j e c t  on ecosystem experiments; t h e  UNESCO p r o j e c t  on In land-water / land 

ecotones(Naiman e t  a l .  1988) ; t h e  IGBP assessment o f  f a c i  1 i t i e s  needed f o r  

mon i to r ing  g loba l  change (Dyer e t  a l .  1988); and var ious o ther  aspects o f  

IGBP. Representat ives o f  these p r o j e c t s  w i l l  be asked t o  c o n t r i b u t e  t o  t h e  

SCOPE workshops on ecotones f o r  f a c i l i t a t i n g  exchanges o f  ideas and 

in format ion.  

Many o f  t he  ideas presented here were i n i t i a t e d  by p a r t i c i p a n t s  o f  t h e  

SCOPE/MAB Technical Consu l ta t ion  on Ecotones he ld  i n  Par is ,  France i n  

January 1987. The present form o f  t he  p r o j e c t  was developed a t  a recent  

meeting o f  SCOPE Advisory Committee on Ecotones sponsored by the  

I n t e r n a t i o n a l  I n s t i t u t e  f o r  Appl i e d  Systems Analysi  s ( IIASA) i n  Laxenburg, 

Aus t r ia .  Names o f  p a r t i c i p a n t s  are l i s t e d  i n  Appendix 1. T. Munn and S. 

Wilson o f  I I A S A  organized meeting l o g i s t i c s .  This  work was made poss ib le  by 

support f rom t h e  Carnegie -Me1 1 on Foundati on and t h e  Centre Loui s Emberger, 

C.N.R.S., Mon tpe l l i e r ,  France. We o f f e r  thanks t o  a l 1  o f  these i n d i v i d u a l s  

and organi z a t i  ons. 
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I n s t i  t u t e  f o r  Applied Systems Analysi s (IIASA) , Laxenburg, 

Austria, on September 7-9, 1987. 
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