
5 Rubin, D.B. (1976) Inference and missing data. Biometrika 63, 581–

590
6 Clark, J.S. and Gelfand, A.E. (2006) A future for models and data in

environmental science. Trends Ecol. Evol. 21, 375–380
7 Johnson, J.B. and Omland, K.S. (2004) Model selection in ecology and

evolution. Trends Ecol. Evol. 19, 101–108
8 Stephens, P.A. et al. (2007) Inference in ecology and evolution. Trends

Ecol. Evol. 22, 192–197
9 Grafen, A. (1988) On the uses of data on lifetime reproductive success.

In Reproductive Success (Clutton-Brock, T.H., ed.), pp. 454–471,
University of Chicago Press

10 Hadfield, J.D. (2008) Estimating evolutionary parameters when
viability selection is operating. Proc. R. Soc. Lond. B Biol. Sci. 275,
723–734

11 Lebreton, J.D. et al. (1992) Modeling survival and testing biological
hypotheses using marked animals – a unified approach with case-
studies. Ecol. Monogr. 62, 67–118

12 Kunin, W.E. and Gaston, K.J. (1997) The Biology of Rarity: Causes and
Consequences of Rare-Common Differences, Chapman & Hall

13 Maddison, W.P. et al. (2007) Estimating a binary character’s effect on
speciation and extinction. Syst. Biol. 56, 701–710

14 Fisher, D.O. et al. (2003) Extrinsic versus intrinsic factors in the decline
and extinction of Australianmarsupials.Proc. R. Soc. Lond. BBiol. Sci.
270, 1801–1808

15 Dempster, A.P. et al. (1977) Maximum likelihood from incomplete data
via EM algorithm. J. R. Stat. Soc. B 39, 1–38

16 Tanner, M.A. and Wing, H.W. (1987) The calculation of posterior
distributions by data augmentation. J. Am. Stat. Assoc. 82, 528–540

17 Schafer, J.L. (1997) Analysis of Incomplete Multivariate Data,
Chapman & Hall

18 Schafer, J.L. and Graham, J.W. (2002) Missing data: our view of the
state of the art. Psychol. Methods 7, 147–177

19 Freckleton, R.P. et al. (2003) Bergmann’s rule and body size in
mammals. Am. Nat. 161, 821–825

20 Smith, R.J. and Jungers, W.L. (1997) Body mass in comparative
primatology. J. Hum. Evol. 32, 523–559

21 Raghunathan, T.E. (2004) What do we do with missing data? Some
options for analysis of incomplete data.Annu. Rev. PublicHealth 25, 99–

117
22 Burnham, K.P. and Anderson, D.R. (2002) Model Selection and

Multimodel Inference: A Practical Information-Theoretic Approach,
Springer-Verlag

23 Clark, J.S. and Bjornstad, C.N. (2004) Population time series: process
variability, observation errors, missing values, lags, and hidden states.
Ecology 85, 3140–3150

24 Rubin, D.B. (1987) Multiple Imputation for Nonresponse in Surveys,
John Wiley & Sons

25 Schafer, J.L. (1999) Multiple imputation: a primer. Stat. Methods Med.
Res. 8, 3–15

0169-5347/$ – see front matter � 2008 Elsevier Ltd. All rights reserved.

doi:10.1016/j.tree.2008.06.014 Available online 25 September 2008

Research Focus

Testate amoebae and nutrient cycling: peering into the
black box of soil ecology

David M. Wilkinson

School of Natural Sciences and Psychology, Liverpool John Moores University, Byrom Street, Liverpool L3 3AF, UK

In some areas of ecology and evolution, such as the
behavioural ecology of many well-studied bird species,
it is increasingly difficult to make surprising new dis-
coveries. However, this is not the case in many areas of
soil and/or microbial ecology. Two recent studies
suggest that the testate amoebae, a microbial group
unfamiliar to most biologists, might play a much
larger role in soil nutrient cycling than has hitherto been
suspected.

The importance of soil
The soil is largely ‘out of sight’ to an ecologist without a
spade and, for much of the 20th century, this meant that it
was also ‘out of mind’ to most ecologists. At best, it tended
to be treated as a black box, with the behaviour of its
inhabitants lumped together under simple labels such as
decomposers or nitrogen fixers [1]. Slowly, things are
changing: indeed, it has been noticeable that since I started
attending major ecology meetings (in the mid-1980 s), the
number of papers and sessions on topics such as soil
ecology or mycorrhizae has been increasing. One reason
for this increase in interest might be the realisation that
studying changes in soil respiration is crucial to predicting
the future of the soil as a carbon sink [2]. This could be vital
for understanding the effects of global warming.

The silica cycle
When ecology textbooks describe soil microbiology, it is
often in the context of nutrient cycling. One of the cycles

Box 1. Testate amoebae

Testate amoebae (also known as testate rhizopods or thecamoe-

bians) are protozoa in which the single cell is enclosed within a shell

usually referred to as a test, with a size range of 5–300 mm [11]. The

tests are usually composed of either self-secreted material – which

can be siliceous or proteinaceous – or ‘agglutinated’ tests, which

incorporate material from the environment (such as sand grains,

diatoms or the scales of smaller siliceous testates which have been

consumed as prey) [12].

Like many microbes, testate amoebae have a relatively modest

fossil record – for example, occasionally being preserved in amber.

However, recently fossils very similar to modern testates have been

described from rocks of around 740 million years old [13]. Although

polyphyletic (traditionally placed in the phylum Rhizopoda), testates

appear to form a reasonably uniform ecological grouping, occurring

around the world in a range of terrestrial and freshwater habitats.

They are especially common in habitats with high organic matter

content, such as organic-rich soils, peats and mosses [12]. Many, but

not all, of the identified morphospecies are cosmopolitan in their

distribution [14,15].

The presence of tests means that taxa of testate amoebae can be

identified by morphology and their populations can be enumerated by

direct counting. Testate amoebae thus represent a microbial group

whose ecology can be studied by approaches very similar to those

used in the study of macroscopic organisms. There is also a long

history of studies of testate amoebae autecology, dating back to 19th

century microscopists (Figure I).
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that tends to get very limited coverage in these texts is the
silica cycle. However, this cycle is crucially interconnected
with the more widely discussed carbon cycle. This is
because in the long term, silicate weathering is the main

sink for atmospheric CO2 on geological timescales. In
addition, on shorter timescales, leakage of silica from soils
to the oceans is important for diatom primary production,
which in itself represents a carbon sink when the remains

Figure I. Testate amoebae from the beautifully illustrated 1879 monograph on North American species by Joseph Leidy [16].
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