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E C O L O G Y  A N D  T H E  A T M O S P H E R E  

The theme of plants and their atmospheric environment is particularly 
appropriate for the last British Ecological Society symposium of the 
seventies-a decade in which this major aspect of physical ecology has made 
substantial progress. If, thirty years ago, the Society had tried to hold a 
meeting exclusively concerned with such a topic, the input from physics and 
meteorology would have been slender, perhaps confined to controversy 
about a new evaporation formula developed by a worker from Rothamsted. 
Following a similar theme, nlany microclimatic papers published in the 
fifties dealt with heat balance of vegetation and its relation to evaporation. 
In the early sixties, the International Biological Programn~e fostered closer 
collaboration between ecologists and microclimatologists and by the end of 
that decade, an IBP symposium at Trebon (Setlík 1970) reviewed the related 
topics of light, carbon dioxide exchange and photosynthesis. Atmospheric 
ecology continued to develop and expand in the 1970s. The volume of work 
on pollution has grown rapidly; the subject of wind has achieved text-book 
status, and vapour pressure deficit has emerged from relative obscurity as a 
significant element in the microclimate of plants. A11 these topics are dis- 
cussed in later chapters of this volume. 

By 1979, the common ground between ecologists, physiologists and 
physicists has extended to the point where it is possible to begin a symposium 
by talking about how plants are 'coupled' to their environment using a 
physical concept in a biological context. Fig. 1.1 summarizes the nature of 
this coupling on severa1 related scales. Continentally, the location of major 
biomes is determined by the general circulation of the atmosphere and, in 
particular, by the spatial and temporal distribution of rainfall, temperature 
and solar radiation. There is an element of feedback in the system becausc 
air masses become cooler and moister when they pass over extensive areas 
of transpiring vegetation. This aspect of cooling is difficult to quantify 
but meteorologists working on general circulation models have begun to 
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FIG. 1.1. The coupling of vegetation to the atmosphere: scales and interactions. 

recognize the importance of specifying the physical behaviour of vegetation 
in an appropriate way. 

Within the large scale global climate, local climates (sometimes referred 
to as meso- or topo-climates) determine the survival and rate of growth of 
plant communities and associations. The interaction of these communities 
with the climate imposed on them produces a microclimate to which indi- 
vidual members of the community are exposed. In a similar way, the inter- 
action of the individual with its microclimate establishes a climate on an 
even smaller scale confined to the layer of air in immediate contact with 
components such as leaves, stems and inflorescences. Some workers refer 
to this as the teleoclimate (Gates 1968) but the Greek T E ~ E O Ç  means 'end' 
in a philosophical rather than a physical sense and a more appropriate 
term would be epiclimate from EnL 'upon' or 'resting on'. Finally, the 
nature of the epiclimate determines the temperature of interna1 tissue, the 
gas concentration of inter-cellular spaces etc and these conditions could be 
called the endoclimate from EVSOV 'within'. 

It is the endoclimate which determines rates of growth and development 
of individual organs, thus establishing another system of feedback from 
the individual plant through the behaviour of communities to the 
biome. 

This chapter is mainly concerned with the nature of epiclimates and with 
the coupling between plants and the atmosphere which occurs across the 
boundary layer of individual organs, a system which Grace describes in 
greater detail in the following chapter. Most attention will be given to the 
thermal chara$gi=&ics of the epiclimate, partly because they illustrate a 
number of géneral principles and partly because several later chapters are 
concerned with the response of plants to temperature. The chapter by 
Unsworth deals with some aspects of the relation between epiclimate and 
microclimate. 

T H E  C O N C E P T  O F  C O U P L I N G  

Two systems are said to be coupled when they are capable of exchanging 
force, momentum, energy or mass. In physics, one of the most versatile 
forms of coupling is the electrical circuit in which energy in the form of 
charge moves from high to low 'potential' at a rate described as a 
'current' (i). The simplest component of an electrical circuit is a resistor 
through which a current will flow when a difference of potential SV is 
maintained across it, and the 'resistance' of a resistor is defined as the 
potential difference needed to sustain unit current or SV/i. 

The concept of resistance was implicit in the work of Brown & Escombe 
(1900) who measured the diffusion of water vapour and carbon dioxide in 
simple physical systems, relating their analysis to the processes of trans- 

I piration and assimilation by leaves. Maskell(1928) clearly identified the chain 
of resistances which govern the diffusion of CO, into a leaf. These early 

I studies on single leaves were extended theoretically by Penman & Schofield 
(195 1) and experimentally by Gaastra (1959). Comparable electrical analogues 
were then applied to the gas exchange of uniform stands of plants (Monteith 
1963) and applications both to plant and to animal ecology are reviewed in 
several recent texts (Monteith 1975; Gates & Schmerl 1975; Campbell 
1977). The flow of water through plants has also been analysed in terms of 
the drop in potential across a chain of resistances and according to Richter 

I (1973), this line of work was initiated by Huber. 
In analogues of heat and mass transfer, the potential of any entity Z is 

usilally expressed as the amount of Z per unit volume of air and the rate of 
transport of Z is the amount moving through unit area of a system in unit 
tinie. Resistance then has the dimensions of time per unit length. The fact 
that these dimensions are independent of the nature of the entity is one of 
the main reasons for preferring resistances (or their reciprocals-conduct- 
ances) to transfer coefficients of the type used by physicists and engineers. 

The coupling of an organ to its environment can be described by a set 
of analogous electrical circuits, each describing the transport of a specific 

I entity. There is no absolute scale of coupling; but if the resistance between 
A and B in a circuit is much smaller than the resistance between B and C ,  
then A and B are said to be 'tightly coupled', and the comparison with BIC 
is implicit. A well known physiological example is the dependence of evapora- 
tion on stomatal resistance, r,, and boundary layer resistance, r. Bange (1953) 
showed that when r, is much larger than r, evaporation is almost independent 
of windspeed implying that the vapour pressure at the leaf surface is tightly 
coupled to the vapour pressure in the surrounding air. 

The resistance analogues which have been widely used in physiology and 
ecology are appropriate for systems in a steady state, whereas the environment 
























































