
In their analysis of global trends of diversity
in marine plankton, Irigoien et al.1 find
that taxonomic diversity of zooplankton

(consumer) is a unimodal function of com-
munity biomass that is unrelated to phyto-
plankton (producer) diversity. Their results
are unexpected because in terrestrial organ-
isms primary-producer diversity is a good
predictor of consumer diversity2. I contend
that this apparent uncoupling of producer
and consumer diversity in marine plankton
is likely to be an artefact due to the authors’
use of different measures of diversity for
producers and for consumers.

The relationships described by Irigoien 
et al.1 between phytoplankton and zooplank-
ton diversity on a global scale were based on
analysis of 100-ml samples examined in an
inverted microscope. This method is com-
monly used for species identification and
abundance estimates of phytoplankton,
although it underestimates the diversity of
small (�10 µm) species3. For zooplankton,
the same method can furnish estimates only
of the diversity of easily distinguishable
morphotypes,not of species.

The sample material examined by
Irigoien et al.1 had been fixed with either
Lugol’s solution or gluteraldehyde, which in
the case of microzooplankton allows reliable
species identification in only a very small
fraction of cells — namely those with a dis-
tinct gross morphology, such as tintinnid 
ciliates, radiolarians and foraminifera that
have ‘shells’ or skeletons: these identifiable
forms generally represent some 5–10% of
the community. For most ciliates and dino-
flagellates, identification is,at best, limited to
the genus4. This fixation method is useful for
biomass estimations, enabling ciliates and
dinoflagellate cells to be placed in size–shape
categories; however, these may or may not
have ecological relevance and are unlikely to
be of any taxonomic validity.

Moreover, Irigoien et al.1 analyse very dif-
ferent population sizes, which might also bias
their diversity estimates. Producer and con-
sumer diversity were examined in the same
sample, which had relatively few consumers:
in 100 ml of surface water, phytoplankton 
cells number 103–104, compared with 1–102

microzooplankton cells. This explains in part
why microzooplankton diversity was posi-
tively related to biomass or numbers of indi-
viduals,and also why a total of only 43 ‘species’
of microzooplankton were encountered in
this global study. This number is low; large
volumes from a single sampling site can yield
39 species of a numerically minor component
of tintinnid ciliate microzooplankton5.

I therefore propose that the data presented
by Irigoien et al. show a weak relation not

between taxonomic diversity of consumers
and producers but between the size diversity of
consumers and taxonomic diversity of pro-
ducers.Although there could be a correspon-
dence of diversity in producers and consumers
if appropriate estimation measures were to
be used, this remains to be investigated.
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Irigoien et al. reply –– We agree with Dolan’s
concern that simple morphological traits
reveal only part of the zooplankton bio-
diversity1. We argue, however, that this is
unlikely to affect our findings2.

Dolan doubts the lack of relation between
phytoplankton diversity and zooplankton
diversity in the world’s oceans2. He argues
that we compared apples with oranges,
because our method to identify microzoo-
plankton using simple morphological traits
was limited to the genus level and hid micro-
zooplankton diversity at the species level.

This argument applies not only to micro-
zooplankton, but to many other taxonomic
groups as well.Ecologists are often confront-
ed with problems of species identity when
estimating the diversity of organisms within
poorly known groups.This is as true for stud-
ies of insects in tropical forests as it is for those
of plankton in the oceans. Genetic studies of
the taxonomy of small cyanobacteria3, of
morphologically well established species of
diatoms4, and of conspicuous organisms as
large as the copepods5,have all revealed cryptic
species. We therefore fully agree with Dolan
that our simple methods will have underesti-
mated the diversity at the species level.

However, our metrics would have been
biased only if we had compared diversity
data obtained by different methods (for
example, morphological diversity for phy-
toplankton compared with genetic diver-
sity for zooplankton). We disagree with
Dolan’s critique that we used two different
measures of diversity. Instead, to avoid bias,
our biodiversity estimates of phytoplank-
ton and zooplankton were both based on
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exactly the same methodology, using only
simple morphological traits.

We suggest that the lack of a positive cor-
relation between plant diversity and herbi-
vore diversity in the oceans is real,and can be
explained by the broad diet of most marine
herbivores. In contrast to many specialized
terrestrial herbivores (many insects, for
example), most zooplankton species do not
rely on their food having a specific taxo-
nomic composition. In terrestrial systems
with a tight association between species
(such as insects and their host plants), even
taxonomic lumping of the sort criticized by
Dolan is likely to reveal a positive correla-
tion between plant diversity and herbivore
diversity at the level of genus or family.
Indeed, a seminal work on plant–insect co-
evolution in terrestrial systems focuses on
the family and genus level6.

Perhaps, then, the observed lack of a rela-
tionship was an artefact because we did not
distinguish enough morphospecies among
the microzooplankton? In which case, the
alternative hypothesis of an increase in
microzooplankton diversity with phyto-
plankton diversity would predict a decrease
in the variance of microzooplankton diversi-
ty. However, we found that the variance in
microzooplankton diversity was not related
to phytoplankton diversity either.Inspection
of our data reveals that the lack of a relation-
ship may not be due to an underestimation of
microzooplankton diversity, but rather to a
relatively high microzooplankton diversity
in oligotrophic regions with relatively low
phytoplankton diversity. Likewise, a high
copepod diversity has been found in oligo-
trophic areas of the Atlantic Ocean7.

The advance of molecular genetic tech-
niques in oceanographic research may
resolve the issue. Information on the genetic
diversity of marine phytoplankton and zoo-
plankton could confirm our findings2 and
spur further research8 in this direction.
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