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Climate change and population declines in a
long-distance migratory bird
Christiaan Both1,2, Sandra Bouwhuis1†, C. M. Lessells1 & Marcel E. Visser1

Phenological responses to climate change differ across trophic
levels1–3, which may lead to birds failing to breed at the time of
maximal food abundance. Here we investigate the population
consequences of such mistiming in the migratory pied flycatcher,
Ficedula hypoleuca4. In a comparison of nine Dutch populations,
we find that populations have declined by about 90% over the past
two decades in areas where the food for provisioning nestlings
peaks early in the season and the birds are currently mistimed. In
areas with a late food peak, early-breeding birds still breed at the
right time, and there is, at most, a weak population decline. If
food phenology advances further, we also predict population
declines in areas with a late food peak, as in these areas adjustment
to an advanced food peak is insufficient4. Mistiming as a result of
climate change is probably a widespread phenomenon1, and here
we provide evidence that it can lead to population declines.
Ongoing climate change leaves a clear global fingerprint on
ecosystems. Many organisms bring forward the timing of their
seasonal activities, whether it be flowering in plants, budding of
trees, emergence of insects or breeding in birds5–7. Despite this
general advancement, some species may not cope with climate
change because their response differs from the response of organisms
at lower levels of the food chain1–4,8,9, leading to a mismatch between
the timing of reproduction and the main food supply10. This
mistiming can have a clear effect on species population dynamics
and ecosystem functioning2,11. In general, we expect the populations
that are most mistimed to decline most in number. Here we show
how populations of a small passerine bird have declined as a
consequence of climate change, because the phenology of their
main food supply during breeding has advanced more than the
birds’ breeding date.
We studied the population ecology of the long-distance migratory
passerine, the pied flycatcher Ficedula hypoleuca, and its caterpillar
food supply. We have previously shown in this long-term study in the
Netherlands that the flycatchers have advanced their laying date but
not the timing of their spring arrival in the Netherlands, and that the
advancement in laying date was not sufficient to track the advancement of spring, leading to increased selection for early breeding4. The
temperate forest habitat of our study area is characterized by a clear
peak in caterpillar abundance in spring, and caterpillars are an
important food source for nestling flycatchers12,13. The timing of
this caterpillar peak differs between areas (see Supplementary Information) and years, with a clear shift forward over the past 20 years in
our main study population14.
We predicted that areas with increased mismatch between the
timing of the birds and the peak availability of their prey would show
a strong population decline. To test this prediction, we collated
annual population counts between 1987 and 2003 from ten nest box
populations in the Netherlands that differed strongly in population

trends. If increased mistiming is the cause of population declines, we
predict that populations in the areas with the earliest food peak will
have declined most strongly. This is because these long-distance
migrants have a relatively fixed spring migration programme15, and
in early food phenology areas these birds have a shorter period
between their arrival and the time of the food peak. A short time
interval between arrival and breeding may act as a constraint, because
the birds can not shorten this much further. We expect that
populations in these areas of early food peak might also react less
flexibly to increases in temperature, and consequently decline in
number.
We found strong support for our hypothesis: pied flycatchers have
declined by about 90% in areas with the earliest food peaks, but
have only declined by about 10% in areas with the latest food peaks
(Fig. 1a). Because we measured the caterpillar peak date in only one
year (2003, at the end of the study period), we used the percentage
of great tits producing a second brood over a six-year period
(1985–1990) as a second measure of the phenological state of the
area, because great tits produce second broods only if caterpillar
peaks are late16. Flycatcher populations declined most in areas with

Figure 1 | Population trends of Dutch pied flycatcher populations.
a, b, Trends in response to the local date of the caterpillar peak (in days since
31 March) (Spearman rank correlation: r s ¼ 0.80, n ¼ 9, P ¼ 0.013) (a),
and the slope of annual median laying date on spring (16 April–15 May)
temperature (r s ¼ 20.86, n ¼ 7, P ¼ 0.03) (b). Populations of pied
flycatchers with an early food peak and a weak response declined most
strongly. Population trend is the slope of the regression of the log
number of breeding pairs against year. In b, the x axis shows the slope of a
linear regression of median laying date against mean temperature from
16 April–15 May. Error bars represent the standard errors of the slopes of the
regression lines. All points in b are also in a, except for one point, for which
we had no data regarding the caterpillar peak.
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the lowest percentage of great tit second broods (Spearman rank
correlation: r s ¼ 0.94, n ¼ 6 populations, P ¼ 0.003), confirming
our result based on direct measures of caterpillar peak dates.
If migration timing does act as a constraint, we expect that the
flycatcher breeding would be least able to advance with increasing
temperatures in areas with the earliest food phenology. Indeed, the
populations that adjusted their laying date least to temperature were
the ones with the strongest decline in population numbers (Fig. 1b).
This is probably not due to genetic differences in reaction norms
between populations because such differences were not found in a
related species17, and the exchange of ringed birds occurs between
some of our study populations. The population declines in areas with
early food peaks and in populations least flexible to increasing
temperatures thus strongly support the idea that these declines are
attributable to insufficient adjustment of arrival and laying dates to
climate change.
The decline in the number of pied flycatcher breeding pairs in
areas with an early food phenology was not due to general deterioration of the habitat, because caterpillar biomass was highest in areas
with an early food peak (Spearman rank correlation between caterpillar peak abundance and peak date: r s ¼ 20.695, n ¼ 9, P , 0.05),
and population trends of resident great tits (Parus major) breeding in
the same nest boxes were unrelated to the date of the caterpillar peak
(linear regression: F 1,6 ¼ 0.38, P ¼ 0.56; slopes differed between
species: F 1,13 ¼ 11.66, P ¼ 0.013), despite their dependence on
caterpillars for feeding chicks18.
We have thus clearly shown that climate-change-induced mistiming leads to population declines in a migratory songbird. One
possible reason why pied flycatchers have not adjusted sufficiently to
climate change is that their arrival from their wintering grounds has
not advanced and probably acts as a constraint on laying dates4,19.
Because we have also shown this mistiming in an area with a late food
phenology4,20, we expect flycatcher populations in these areas to
decline if the food peak advances further. The decline in areas with an
early food phenology is probably not just the result of changed
habitat selection, because in two-thirds of the Netherlands declines of
about 50% were reported between 1986 and 1999 in the Dutch
common bird census21, which is in agreement with the general
decline in European long-distance migrants22. Furthermore, since
1988 declines have been reported in 45 out of 62 nest box areas in the
UK (J. Wright and the British Trust for Ornithology, personal
communication), suggesting that these declines are more widespread, but differ across sites. In general, we expect climate change
to be a greater threat to long-distance migrants than to resident
species, and to species breeding in strongly seasonal environments
than to species living in less seasonal habitats23. Apart from a
mismatch due to an advance in the timing of their food, the duration
of high food availability may decrease because caterpillars grow faster
and advance pupation at higher temperatures24. The general decline
in many long-distance migratory species in both Europe22 and North
America25 may thus be particularly pronounced in seasonal habitats
and may be exacerbated by climate change, which can exaggerate the
temporal mismatch between avian predators and their prey.

regression of the annual median laying date (dependent variable) and mean
temperature from 16 April–15 May (independent variable) as measure of the
plasticity of laying date4. The median laying date in the early part of the study is
15 May, and we showed that laying date is strongly correlated with temperature
over this period in 25 study areas across Europe26. Areas differed in the period for
which laying dates were available; we used all the available data in order to get the
most accurate measure of plasticity. We calculated median laying dates only for
years in which more than seven pairs bred in each population.
In 2003, we measured the caterpillar peak for two pedunculate oak Quercus
robur trees in each of nine areas. Representative trees were selected in the main
breeding areas of the pied flycatchers. We placed a 50 cm £ 50 cm cloth net under
each tree to catch caterpillar droppings, and collected the samples in the nets
every five days. Caterpillar biomass in the trees was estimated from the dry
weight of the droppings27 and the caterpillar peak date was defined as the middle
day in the five-day period for which caterpillar biomass was maximal. In the
Netherlands, 2003 was a warm spring, and the caterpillar peak in our main study
area was the third-earliest since we started measuring it in 1985 (ref. 14). Using a
regression slope, the peak advanced 16 days from 1985 to 2003.
As a second approximation of the general phenological state of each area, we
used the percentage of great tits producing second broods. This species is known
to produce more second broods if the caterpillar peak is late16, and the percentage
of second broods is thus a measure of whether caterpillar peaks are early or late.
We took the average of the annual proportions for the years 1985–1990, which
was at the start of our flycatcher population analysis, because as a result of
climate change the proportion of great tits producing second broods has
declined in some habitats28. The proportion of second broods was known for
six of the ten study populations.

METHODS

16.

We studied ten pied flycatcher populations in the Netherlands separated by
3–150 km (see Supplementary Information). Population size (the number of
pairs using the nest boxes) was analysed from 1987 (the first year for which we
have data for all populations) until 2003. The number of pairs using the nest
boxes is used here as a population size for the area, because in the Netherlands
about 90% of the species breeds in nest boxes, and in nest box areas more than
98% of flycatcher pairs breed in the boxes (unpublished observation). The
population trend is the slope of the regression with log10(population size þ 1)
the dependent variable and year as the independent variable, and is a measure of
the relative growth or decline of the population.
Laying date was known for six populations, and we calculated the annual
median laying date from 1980–2002. Previous work has shown that laying date
correlates strongly with spring temperature, and we used the slope of the linear
82
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Global distribution and conservation of rare and
threatened vertebrates
Richard Grenyer1*{, C. David L. Orme2*, Sarah F. Jackson3, Gavin H. Thomas4{, Richard G. Davies3,
T. Jonathan Davies1{, Kate E. Jones5, Valerie A. Olson5{, Robert S. Ridgely6, Pamela C. Rasmussen7, Tzung-Su Ding8,
Peter M. Bennett5, Tim M. Blackburn4, Kevin J. Gaston3, John L. Gittleman1{ & Ian P. F. Owens2,9

Global conservation strategies commonly assume that different
taxonomic groups show congruent geographical patterns of diversity, and that the distribution of extinction-prone species in one
group can therefore act as a surrogate for vulnerable species in
other groups when conservation decisions are being made1–4. The
validity of these assumptions remains unclear, however, because
previous tests have been limited in both geographical and taxonomic extent5–12. Here we use a database on the global distribution
of 19,349 living bird, mammal and amphibian species to show that,
although the distribution of overall species richness is very similar
among these groups, congruence in the distribution of rare and
threatened species is markedly lower. Congruence is especially low
among the very rarest species. Cross-taxon congruence is also
highly scale dependent, being particularly low at the finer spatial
resolutions relevant to real protected areas. ‘Hotspots’ of rarity
and threat are therefore largely non-overlapping across groups,
as are areas chosen to maximize species complementarity.
Overall, our results indicate that ‘silver-bullet’ conservation strategies alone will not deliver efficient conservation solutions.
Instead, priority areas for biodiversity conservation must be based
on high-resolution data from multiple taxa.
Total species richness

Our analyses are based on three high-resolution databases of the
global distribution of birds, mammals and amphibians13–15. For each
group, we mapped the geographical distribution of species richness
for all species, rare species and threatened species (Fig. 1). These maps
were based on grid cells roughly equivalent to 1u latitude by 1u longitude. For each aspect of richness, we calculated the pair-wise
Pearson’s correlation coefficient (r) for grid-cell richness values of
the three vertebrate classes, controlling for spatial covariance when
estimating the statistical significance of correlations16 (Fig. 2a).
Although all pair-wise correlations were positive and statistically
significant at a global scale, the cross-taxon congruence varied markedly across the three aspects of richness. There was very high congruence with respect to total species richness (0.79 # r # 0.90), but
congruence among rare species was lower (0.24 # r # 0.48), and
lower still among threatened species (0.13 # r # 0.32). Typically,
mammals and birds showed the highest global congruence, whereas
mammals and amphibians showed the lowest. Caution needs to
be exercised when invoking explanations for these differences, however, because amphibians have substantially smaller ranges (median
range 5.6 3 104 km2) than mammals (5.8 3 105 km2) or birds
(1.0 3 106 km2). The low overlap between amphibian ranges and
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Figure 1 | Global richness maps for birds, mammals and amphibians. Global richness is shown with respect to the three different aspects of species richness
used here. Colour gradients are linear with respect to species number.
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Figure 2 | Cross-taxon congruence and the effects of scale and definition of
rarity on congruence. a, Congruence for overall species richness, rare
species and threatened species between birds and mammals (dark grey bars),
birds and amphibians (light grey bars) and mammals and amphibians (open
bars). Asterisks indicate statistical significance controlling for spatial nonindependence (*P # 0.05, **P # 0.01, ***P # 0.001). b, Effect of scale on
congruence for overall species richness (black), rare species (blue) and

threatened species (red). Congruence between birds and mammals
(unbroken lines), birds and amphibians (dashed lines) and mammals and
amphibians (dotted-dashed lines). c, Relationship between definition of
rarity and congruence for rare species of birds and mammals (black), birds
and amphibians (blue) and mammals and amphibians (red). Definition of
rarity refers to the quantile of range distribution. The dashed, vertical line
indicates the lower quartile of species.

those of the other two groups may, therefore, simply reflect the null
expectation that small ranges are less likely to overlap with other
ranges. In general, these global patterns of congruence held within
biogeographic realms and biomes17 (Supplementary Fig. 1), with
congruence being particularly high in the tropics and particularly
low across the Holarctic. This latter finding may reflect differences
between groups in their ability to re-colonize areas after glacial
retreat.
Congruence among rare and threatened species varied with the
resolution of data used in the analysis18 and increased markedly at
coarser resolutions (Fig. 2b). This observation may explain differences
in results between our study and those using coarser scale data2,4,12. An
analysis using ecoregions17, for example, reported high cross-taxon
congruence for rare (‘endemic’) species (0.49 , r , 0.61)12. The average size of those ecoregions (median area 5.5 3 104 km2), however, is
much larger than our grid cells and is several thousand times larger
than most protected areas (1.53 km2; ref. 19 and Supplementary Fig.
2). Our results show that congruence among rare and threatened
species declines rapidly as the scale approaches that more relevant
to real protected areas. High congruence at the ecoregion scale does

not, therefore, mean that reserves in ecoregions will also show high
congruence.
Congruence among rare species also varied with the definition
of rarity, and observed congruence decreased as the definition
became more stringent (Fig. 2c). Indeed, across the very rarest species
in each class (for example, those with the smallest 10% of ranges), all
pair-wise correlations between groups were negative: the very rarest
birds, mammals and amphibians inhabit different places from one
another. Such patterns may explain why previous analyses have
reported high congruence for rare species2,4,12. Although our definitions of rare species correspond to ranges of ,278,250 km2 in birds,
,41,685 km2 in mammals and ,430 km2 in amphibians, previous
analyses defined rare (‘endemic’) species simply as those recorded as
occupying single hotspots (,2,373,057 km2; ref. 4) or ecoregions
(,4,629,589 km2; ref. 17). Our results show that such relaxed definitions of rarity lead to raised estimates of congruence.
We also tested whether geographical patterns of richness in one
group act as a surrogate for those in other groups6,7,9,11. We tested
whether richness hotspots (the richest 5% of grid cells) identified for
one group overlapped with corresponding hotspots for other groups.
Hotspots of total species richness showed high congruence, with
17.8% of all hotspot grid cells common across groups (Fig. 3a).
Hotspots of rare or threatened species showed much lower congruence, however, with only 2.3% of rarity hotspot cells (Fig. 3b) and
0.6% of threat hotspot cells (Fig. 3c) common across groups. These
patterns remained intact when we used an optimal complementarity
algorithm to choose sets of grid cells that efficiently capture all species
in a group (Table 1), and even when we controlled for differences in
the area of the sets (Supplementary Table 1). We measured surrogacy
as the proportion of species from other groups represented within
sets20.
Finally, we compared the performance of different methods of
identifying priority areas with respect to their ability to capture
multi-taxon diversity. For overall species richness, there were no
substantial differences between sets based on single taxa and those
based on multiple taxa, in terms of either area covered or species
captured (Fig. 4a). For rare and threatened species, however, sets
based on multiple taxa captured far more species than did single
taxon sets in a similar overall area (Fig. 4b, c, and Supplementary
Fig. 3). Complementarity sets based on high-resolution data on multiple taxa were also much more efficient in capturing rare and threatened species than were areas identified in previous global
analyses1,4,21, even when the complementarity sets represented each
species more than once20 (Fig. 4, and Supplementary Fig. 3). Indeed,
areas identified in some previous global analyses often did not perform any better than randomly selected sets of cells of equivalent
overall size, and in some cases performed worse (Fig. 4).

a

b

c

Figure 3 | Cross-taxon congruence of richness hotspots. Hotspots of total
species (a), rare species (b) and threatened species (c) richness. Red shading
shows cells that are hotspots for all three groups, yellow for two groups, and
green for one group. Hotspots are the richest 5% of non-zero cells.
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Table 1 | Patterns of cross-taxon surrogacy across birds, mammals and
amphibians

more detailed information on the geographical distribution of poorly
known species will show that cross-taxon congruence and surrogacy
for rare and threatened species are even lower than estimated here.
Our findings should be interpreted cautiously with respect to
applied conservation. We have ignored the political and socio-economic factors that are vital in practical conservation23,24 and have
focused on species rather than ecoregions and ecosystem services17,25.
We have also restricted our analyses to terrestrial habitats and closely
related organisms. Nevertheless, we have shown that, even among
terrestrial vertebrates, the extent to which rare and threatened species
from one group can act as a surrogate for corresponding species in
other groups is severely limited, especially at the finer scales most
relevant to conservation. At such scales, we predict that low crosstaxon congruence will be a property of any set of global priority areas
and that congruence is likely to be even lower among more distantly
related organisms or across terrestrial and aquatic habitats. This is of
concern because, although previous global analyses have explored
numerous methods for identifying priority areas25, they are fundamentally based on data from just one or two groups1,2,4,21. Our
results suggest that designing effective protected area networks will
require high-resolution data on the distribution of multiple taxa and
an understanding of how these relate to ecosystems. These challenges
are being tackled through projects mapping the distribution of species at a scale comparable to individual protected areas26–28. We
anticipate, however, that ‘silver-bullet’ conservation strategies based
on particular taxonomic groups will not be effective because locations rich in one aspect of diversity will not necessarily be rich in
others.

0

Our finding that cross-taxon congruence is high for total species
richness, given that the richest areas are consistently associated with
low latitudes and mountainous regions13, reflects the importance of
the interaction between energy and topography in predicting diversity. Caution is again needed when invoking explanations for why
congruence and surrogacy are lower for rare and threatened species:
such species typically have relatively small geographic ranges and
thus low overlap in range might be expected. There may, however,
be additional factors. For rare species, all three groups have richness
peaks on the neotropical mainland, but avian rarity also peaks on
oceanic island archipelagos, whereas rare mammal species are concentrated on continental shelf islands and rare amphibian species are
often on continental land masses. Such differences may therefore
reflect relative dispersal ability. For threatened species, low congruence may also result from differences among groups in their
sensitivity to particular threatening processes. Although the main
source of threat for all three groups is habitat loss, subsidiary threats
differ among groups. Invasive species and overexploitation are chief
secondary sources in birds3, overexploitation is the main secondary
source in mammals3, and climate change, pollution and transmissible
disease are important in amphibians15. Low congruence among
threatened species may therefore be driven by differences in the distribution of these risks.
Could our findings that cross-taxon congruence is high for overall
species richness but low for rare and threatened species be due to
biases in the databases? Systematic error could result if some geographical regions, or some taxa, are relatively poorly studied; however, our key findings remain qualitatively intact even if we restrict
our analyses within the best-studied areas (the Nearctic, Palearctic
and Australia; Supplementary Fig. 1) or the best known groups (birds
and mammals; Table 1). Bias in our estimates of overall range could
also influence cross-taxon congruence because congruence should
decline with decreasing range size. Our conclusions are probably
conservative in this respect, however, because the extents of occurrence used tend to overestimate true ranges22. It is therefore unlikely
that our main conclusions are artefactual: indeed, we predict that
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* Values are the percentage of species in the target groups represented in complementary sets
of grid cells designed to contain all members of the surrogate groups (mean 6 s.d. over 100 such
sets). Nspp. is total number of species in the surrogate group. Ncells is number of cells in the
optimal complementarity set.

Figure 4 | Relative performance of different types of priority network.
Shown is performance with respect to capturing total species (a), rare species
(b) and threatened species (c) richness of birds, mammals and amphibians.
Networks were identified by using an optimal complementarity approach
based on birds alone (B), mammals alone (M), amphibians alone (A), or
birds, mammals and amphibians combined (Cn, where n indicates the
number of times each species is represented). Performance is also shown for
biodiversity hotspots4 (H), endemic bird areas1 (E) and the global 200
ecoregions21 (G), and for randomly selected sets of cells (100 replicates:
median, black line; 95% confidence range, grey area).
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7.

METHODS
Databases. Analyses were based on vector range maps of 9,626 species of terrestrial birds13, 4,104 species of terrestrial mammals14, and 5,619 species of
amphibians27. Range maps were projected onto a Behrmann equal-area projection and converted to a grid with resolution 96.3 3 96.3 km2 (ref. 13). Species
richness was the total number of species present in each grid cell13. Rare species
richness was the total number of rare species present, where rare species were
those in the lower quartile of the range distribution of each taxonomic group13,29.
A relative definition of rarity was used rather than an absolute one because of the
large difference in absolute geographic range between the three vertebrate classes
(median range: birds, 1,001,559 km2; mammals, 574,969 km2; amphibians,
55,642 km2). No definition of rarity based on an absolute range area therefore
successfully identified a consistent proportion of species in each taxonomic class.
Threatened species richness was the total number of the threatened species
present13, where threatened species were those classified by The World
Conservation Union (IUCN) as ‘vulnerable’, ‘endangered’ or ‘critically endangered’30. Biogeographic realms and biomes were those identified in ref. 17.
Median ranges for each group were based on grid-cell counts.
Cross-taxon congruence. Cross-taxon congruence was measured with Pearson
correlation coefficients among grid cells, calculated for all pair-wise combinations of the three vertebrate classes for each of total, rare and threatened species
richness. To control for spatial non-independence, statistical significance was
calculated under an estimated effective sample size given the observed degree of
spatial autocorrelation16. We adjusted sample size, rather than explicitly modelling spatial non-independence13, because at this scale the cumulative number of
pair-wise correlations required across all tests is very large and thus would be
prohibitive to run with spatially explicit models.
Scale of analysis and definition of rarity. Analyses were conducted at four
resolutions: 1 3 1 grid cell (,9,274 km2), 2 3 2 grid cells (,37,000 km2),
4 3 4 grid cells (,150,000 km2) and 8 3 8 grid cells (,600,000 km2). The criterion for rarity varied in stringency from rare species being those in the first
percentile of the range distribution for their class (highest stringency) to rare
species being those in the lower 99 percentiles of that distribution (lowest stringency).
Hotspots. Hotspots were defined as the richest 5% of grid cells13 for each richness
index, and overlap was quantified as the number of hotspot grid cells common to
all three taxonomic groups as a percentage of the total number of hotspot cells5,13.
Varying the percentage used to define hotspots13 did not qualitatively change the
pattern of overlap.
Optimal complementarity sets. We calculated the smallest number of grid cells
required to represent each species in the ‘surrogate’ taxonomic group at least
once and then identified 100 such sets of cells20. The surrogacy value of a group
was calculated by counting the average number of species from the other ‘target’
groups represented in each set7. To control for differences in set size when
comparing surrogacy, we selected the richest 250 cells (the approximate size of
the smallest single-taxon set) from each set. Complementarity sets were also
calculated with more than one taxon in the ‘surrogate’ group and by using an
algorithm that attempted to represent each species in the surrogate set more than
once20. Performance of complementarity sets was measured as the number of
species that the sets contained; this value was compared with that of randomly
selected sets of cells, and with areas identified in previous global analyses1,4,21,
which were rasterized to our grid. Species composition of cells was based on our
databases and our definitions of rarity and threat.
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Out of bounds
With the use of transgenic crops expanding around the globe, we
need to decide what level of unapproved plants we are willing to
accept in our diets. Zero is not an option, says Heidi Ledford.
teve Linscombe still isn’t quite sure how
it happened. The director of the Louisiana State University AgCenter for Rice
Research knows that he grew a few lines of
transgenic rice in field trials between 2001 and
2003. He also knows that one of those lines,
LLRICE601, was grown on less than one acre.
What he is not clear on is how the line then
wended its way into the food supply. That little
mystery is now the subject of an official investigation and a class-action lawsuit.
When the escape was announced in August
last year, LLRICE601 had not been approved
for human consumption. The US Department
of Agriculture (USDA) rushed to deregulate
the crop, granting permission on 24 November
for LLRICE601 to be grown without a permit.
By then, Japan had already declared a monthlong ban on all imports of US long-grain rice,
and the European Union had started to require
all US long-grain rice imports to be tested and
certified at the expense of the exporters. Meanwhile, Bayer CropScience, the company that
created the rice strain, put the blame squarely
on farmers and an “act of God”.
By that logic, this would not be the first time
that a deity has aided and abetted the escape of
a genetically engineered crop. On 21 December,
Syngenta was fined $1.5 million for allowing its
unapproved pest-resistant Bt10 corn (maize) to
mix into seed distributed for food. The past decade is smattered with examples of unapproved
crops sneaking through containment barriers
(see ‘Some past escapes’). When they make it
into the food supply — as with LLRICE601 and
Bt10 — public outcry and financial losses follow. But amid the calls for tighter regulations,
experts say one truth is being drowned out: no

S

amount of regulation can guarantee that these
crops will not escape and multiply.
Meanwhile, the stakes are getting higher.
Since 1991, the USDA has approved nearly 400
field tests of crops that produce pharmaceutical
and industrial compounds, leaving many concerned that future escapes could have severe
consequences for human health. A close call
came in 2002, when stalks of corn designed to
produce a pig vaccine were found mixed with
$2.7-million worth of Nebraska soya beans
destined for human consumption. Prodigene,
the corn’s maker, was fined $250,000 and forced
to buy and destroy the soya beans.

No guarantees
Although the use of transgenic crops is spreading around the globe, production is still concentrated in the United States, which grows more
than half of the world’s genetically engineered
crops. There, they are monitored by three regulatory agencies: the USDA regulates field tests,
the Environmental Protection Agency monitors crops genetically engineered to produce
pesticides, and the Food and Drug Administration provides a voluntary ‘consultation’ on the
safety of crops for human consumption. That
voluntary consultation sets the United States
apart from many other countries, including
China and many European countries, which
require crops to be evaluated for toxicity and
allergenicity before being approved.
In the 20 years since the USDA started to regulate field tests, it has approved nearly 50,000
field sites. But an internal audit commissioned
by the USDA inspector-general and released
on 22 December 2005 was severely critical. The
report admonished the agency for lacking basic

information about test sites, failing to inspect
field tests sufficiently, and neglecting the fate
of the crops after testing. USDA regulator
Rebecca Besch says that a year on, many of the
report’s recommendations have been enacted.
The agency now asks for detailed coordinates
of field test sites, she says, and is revising its
environmental standards.
Jeffrey Wolt, an agronomist at Iowa State
University in Ames, commends the USDA for
its efforts, but says that tougher regulations are
no guarantee of confinement. “There has been
this strong effort by regulators and industry to
tighten this stuff up,” he says. “But no matter how much you ratchet it down, the risk is
not going to be absolute zero because that’s a
scientific impossibility.”
Other scientists agree. Transgenic plants
have many ways to escape. For plants pollinated by wind and insects, such as canola, pollen transfer is a constant threat. And although
seed harvesting and processing equipment is
designed to keep different varieties apart, there
is no guarantee of success. “Just like anything, it
is not 100%,” says Linscombe. “You could have
a seed that gets caught somewhere in a planter
and later jars itself loose.” And of course even if

SOME PAST ESCAPES
Limagrain Seed and
Monsanto withdrew
60,000 bags of
Canadian canola after
finding that it was
contaminated with
unapproved herbicideresistant seed.

Unapproved
insect-resistant corn
produced by Monsanto
escaped its field trial site
and released pollen to a
commercial crop. The
commercial corn was
destroyed.

ProdiGene field-tested corn
in 2001 that was engineered
to produce a pharmaceutical.
The next year, transgenic
corn was found mixed with
commercial corn that
surrounded the site, and the
crops were destroyed.

1997

2001

2002
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Transgenic contaminants of
corn engineered to produce a
pharmaceutical were harvested
with commercial soya bean
plants a year after they were
field-tested by ProdiGene.
Some 500,000 bushels of soya
beans were destroyed.

2002

Unexpected winds
at a field-test
site released
herbicide-resistant,
transgenic bentgrass
produced by Scotts
Company beyond its
containment area.

2004
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Escape route: genetically modified corn can mix
with other crops if not harvested properly.

only a few seeds make their way into breeding
stock, their numbers can then multiply.
Meanwhile, says Michelle Marvier, an ecologist at Santa Clara University in California,
the focus on designing effective biological
containment has kept attention away from an
even more slippery culprit: human error. “The
reality is that humans are involved, and we
inevitably make mistakes.” She warns that any
risk evaluation of a genetically engineered crop
should consider that crop likely to escape.
Several countries have opted not to take that
risk. After the news of LLRICE601 contamination, major exporters in Vietnam announced
that they would not be growing any transgenic
rice. And even some countries that grow genetically modified crops are cautious about the
ones they will accept. Argentina, for example,
the world’s second largest producer, refuses to
grow any genetically engineered crop that has
not been approved for consumption in its major
export markets, including the European Union.
That policy is intended to prevent unintended
mixing of crops from hurting Argentina’s

Nature reported that Syngenta had
mistakenly produced and distributed a
regulated, insect-resistant strain of
genetically modified corn (434, 423;
2005). The Environmental Protection
Agency and the USDA decided that the
crop did not pose a risk to human health.

2005

Concerned Scientists’ Food and Environment
programme, doubts that those regulations will
be enough. Her organization has called for a ban
on the outdoor production of pharmaceuticals
in food crops, arguing that the amount of regulation needed to guarantee containment would be
Harsh punishments
prohibitively expensive both to the government
In the United States, the idea is that escape can and to researchers. The union has gone through
be prevented if producers know that they will the USDA regulations and analysed points
be punished if unapproved plant material is at which transgenic crops could still escape,
detected in the food supply. If a company is such as machine cleaning and seed transport.
responsible for contamination, it typically has “Regulations that are sufficiently stringent to
to remove the unapproved material at its own plug all of those holes really are not feasible,” says
expense, and as an additional deterrent, deal Mellon. “We see how much trouble the agency
with the flurry of negative press that undoubt- is having even with the current ones.” Instead,
edly follows. “It is really bad for the reputation she argues, production of pharmaceuticals or
of these firms and the technology itself,” says industrial compounds should take place only
Guillaume Gruere, an agricultural economist in non-food crops such as tobacco.
at the International Food Policy Research
The problem is that such a ban would have a
Institute in Washington DC. But he says that chilling effect on research, because the technolthe regulatory agencies’ zero-tolerance policy ogy for creating and processing transgenic food
clashes with the inevitability of escape. “The crops is well understood and therefore much
problem is the threshold. If you want zero per- cheaper. At this stage, a US ban seems unlikely,
cent, it’s going to be pretty much impossible.” and no other country has an official ban on
And despite the negative
pharmaceutical-producing crops.
press, US public opinion of “The risk is not
In 2005, the Oregon Department
genetically modified crops going to be absolute of Agriculture convened a panel
seems to have been changed litto evaluate the risks and potentle by the escapes so far, judging zero because
tial economic benefits of growing
from the results of a survey done that’s a scientific
animals and plants that produce
by the Pew Initiative on Food impossibility.”
pharmaceuticals in the state. The
and Biotechnology last year. The
panel concluded last October that
number of Americans who approve of geneti- the benefits outweigh the risks.
cally modified food has hovered unchanged at
Back in Louisiana, Linscombe plans to enact
around 26% for the past five years, whereas the a few new regulations of his own. After his
number that explicitly disapproves has shrunk experience with LLRICE601, he says that he
from 58% to 46%.
will be taking drastic measures to separate any
What about crops that produce pharmaceu- experimental crops from his breeding stock, to
ticals and industrial compounds? In 2003, the at least minimize the chance of contamination.
USDA issued stricter guidelines for contain- He is considering buying separate processing
ment of these plants. Isolation distances from equipment for genetically modified crops.
food crops were increased, and field test sites And he plans to greatly exceed the typical
were to be inspected more frequently. And three-metre distance that is required between
so far, no such strains have been deregulated, strains. “We have two farms that are located
meaning that they must always be contained five miles apart,” he says. “Any transgenic work
no matter how well they are tested.
in the future is going to be on one farm, and the
But Margaret Mellon, director of the Union of breeding work on the other.”
■

Greenpeace reported
that it had found
evidence of
unapproved rice
being sold illegally
in China over the
previous two years.

The USDA found that
BASF had planted
regulated genetically
engineered corn
outside the area
specified by its
permit.
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2006

Unapproved herbicideresistant rice produced by
Bayer CropScience was
found in US rice sold for
food. The USDA decided
retropectively that the
crop did not pose a risk to
human health.

2006

Unapproved
pest-resistant
transgenic rice was
found in European
imports from China.
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robust agricultural export sector (although it
hasn’t protected neighbouring Brazil — which
did not allow genetically engineered crops until
last year — from repeated contamination from
Argentina’s transgenic stocks).
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