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uous honeycomb interface between the 
two phases . 

A similar mechanism could be involved 
in the transformation of layered materials 
such as kaolin to three-dimensionally 
periodic networks such as ultramarine. If 
the sandwich layers are closer than some 
critical distance, unstable tubes like those 

Population dynamics 

shown in Thomas and co-workers' Fig. 3a 
on page 600 of this issue could grow 
between the surfaces to minimize the 
interfacial area. 0 
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More time means more variation 
John H. Lawton 

Redfearn's observations· have several 
important theoretical and practical impli­
cations. For example, work on compara­
tive population variability,·,·9.10 will be 
much more difficult to interpret if it mixes 
studies that differ in duration. Second, do 
all populations continue to get more vari­
able as time goes on or does variation level 
out? A truly reddened spectrum would 
imply that variation increases inexorably 
over time. Yet there are signs in Pimm and 
Redfearn's data that variation rises 
asymptotically to a maximum, at least in 
some populations. One possibility is that 
intrinsic stabilizing mechanisms (density­
dependent processes) can constrain 

UND E RSTANDING patterns in the ampli- tions. We are all familiar with the idea that population variation, at least for a time, 
tude and frequency of population fluctua- the further two places are apart in space, before eventually being overwhelmed . 
tions is one of the central problems in the less similar will be their environments: The fate of all populations is ultimate 
ecology'-3. Why do some populations fluc- Chicago and Calgary have different cli- extinction . 
tuate very little, whereas others vary mates but they are more similar to one The implications for conservation 
wildly? Why do a minority of populations another than either is to Calcutta. It is biology are profound. An increasing pro­
vary cyclically when the majority show no perhaps not so immediately obvious that portion of the exciting and beautiful 
clear periodicity , and so on? Implicit in the same is true at one place through animals in the world are confined to frag­
these questions is the assumption that the time". Mathematically , this is the same as ments of their former range in reserves 
variation itself is easy to measure and saying that environmental variation at one and national parks and we need urgently 
hence that characteristic levels of po pula- place has a reddened spectrum. The term to know whether these small, remnant 
tion variation can be defined ... '--.... 6 -.0-0-0--"--- ------ - -'-- --------- --'---'-' populations are viable in the 
for various taxa3-5 . However, as long run. A key parameter 
Pimm and Redfearn show' on .~ 5.000 in increasingly sophisticated 
pages 613 - 614 of this issue, a. models used to predict mini-

m 4.000 
quantifying the variation itself c mum viable population sizes" 
is not a straightforward prob- ~ 3.000 is the variance r, that is, in the 
lem. The longer you observe a .a intrinsic rate of increase. Exist-
population, the more variable "0 2 . 000 ing models assume that envir-
it seems to be. This simple fact Oi onmental variation driving 
has important theoretical and ~ 1.000 variation in r takes particular, 
practical implications. ~ OL-o-J.-L....J.......L......L... ........ .L... ................ -L ...... ....L..-'-................ L.....,,-J.-L....J... ........ .J....I average values; but, as we now 

Pimm and Redfearn exam- 1928 32 36 40 44 48 52 56 60 64 68 72 76 know, it would be much more 
Years 

ined data from a large number realistic to assume that en vir-Number of breeding pairs of grey herons Ardea cinerea in England and 
of terrestrial animal popu- Wales, 1928-77, based on annual censuses carried out by the British on mental variation increases 
lations (4 species of insects and Trust for Ornithology". The study constitutes the longest continuous over time. In other words , 
26 of birds and mammals) from series of population figures available for any European breeding bird. mIlllmum viable populations 
censuses taken at least annu- The population has remained relatively stable over this 50 year period calculated using a reddened 
ally for over 50 years, plus (with an average of about 4,000 pairs). Nevertheless, it is clear that the spectrum for environmental 
information on 42 species of amplitude of population fluctuations (revealed by absolute maximum noise must inevitably be bigger 
farmland birds and 32 species and minimum counts) has tended to increase with time, as shown by than current estimates based 
of woodland birds spanning 24 Pimm and Redfearn' for a large number of other animal populations. on constant variation. For 

(Modified from ref. 12.) years , gathered by the British '--_________________________ , many species , the long-term 
Trust for Ornithology. They measured is an analogy with visible spectra in which survival of small, isolated populations 
population variation as the standard long wavelengths are red and short ones looks bleak indeed. 0 
deviation of the logarithms of annual are blue. If environmental variation, rain­
densities3

?, and applied this measure to fall or temperature, for example, is 
increasingly long segments of the counts modelled using a series of superimposed 
for each population (2, 4, 8 years and so sine waves, it turns out that amplitudes 
on). In most cases, more time meant more increase towards the longer frequencies, 
variation, right up to the maximum length that is, 'red' wavelengths predominate. 
of the time series. Very roughly, popula- More formally, when a spectral analysis is 
tions observed over 20 or 30 years seem to undertaken of environmental data, the 
be twice as variable as popUlations studied amplitude of long wavelengths is consis­
for just 2 or 3 years (see figure) . tently greater than that of short wave-

As the authors point out , an explana- lengths, yielding an approximately 
tion for this observation almost certainly straight-line relationship between log 
resides in the nature of environmental variance and log frequency'. So the longer 
variation. Environmental disturbances, we observe particular populations, the 
such as hard winters, fires and unusually more likely we are to see increasingly 
good summers, that buffet or boost popu- extreme excursions in density, driven by 
lations irrespective of density - the so- increasingly extreme density-independent 
called density-independent processes'-3 - perturbations. 
are a major cause of population fluctua- Intrinsic interest aside, Pimm and 
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