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CANALIZATION OF SIZE AT METAMORPHOSIS DESPITE TEMPERATURE AND
DENSITY VARIATIONS IN PELODYTES PUNCTATUS

PIERRE JOLY, ALAIN MORAND, SANDRINE PLÉNET AND ODILE GROLET

UMR CNRS 5023 Ecologie des Hydrosystèmes Fluviaux, Université Claude Bernard Lyon 1, France

We investigated variation in length of larval period and size at metamorphosis in Pelodytes
punctatus in response to temperature and density. Experiments followed a 3 × 2 factorial design,
with density and temperature as fixed factors. Length of the larval period was  very sensitive to
temperature. Although significant, size at metamorphosis showed less variation. Density did not
strongly affect the studied variables. No trade-off between length of larval period and size at
metamorphosis was detected, even when  a trend was  perceptible at low density.  Pelodytes
punctatus differs from most other European species of tailless amphibian with regard to these
traits, but is similar to Bombina variegata. These two species both belong to taxa  of ancient
origin, but also use habitats in the early stages of ecological succession (e.g. those following
physical disturbance). Further studies are required to distinguish the influence of phylogenetic
factors from those ecological factors that drive the evolution of such  biological traits.
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INTRODUCTION

Phenotypic plasticity is a  response to environmental
variability. Plasticity may be adaptive when an animal is
faced with immediate constraints, but it can also respond
to habitat unpredictability by  producing phenotypic
variation within the progeny (Kaplan, 1987; Scheiner,
1993; Schlichting & Pigliucci, 1995). In animals with
complex life cycles, the timing of the transition from one
biological stage to another through metamorphosis
would ideally be optimized by an accurate assessment of
the conditions in the premetamorphic and
postmetamorphic habitats respectively (Wilbur &
Collins, 1973; Wilbur, 1980; Werner, 1986; Alford &
Harris, 1988). However, only information on the imme-
diate habitat is available to the individual. As a
consequence, the timing of metamorphosis depends on
information gathered in the premetamorphic habitat and
putative performance objectives in the postmetamorphic
habitat that have been forged by natural selection. Such
performances are mainly influenced by body size, and
consequently metamorphosis is expected to be delayed
until body size reaches a specific threshold that
optimizes the trade-off between growth in the
premetamorphic and postmetamorphic habitats (Wilbur
& Collins, 1973; Werner, 1986). As a consequence,
body size at metamorphosis, length of the larval period,
and survival may vary according to premetamorphic
ecological conditions. However, such a trade-off (nega-
tive correlation) between the shortness of the larval
period and the size at metamorphosis is expected to fol-
low species-specific reaction norms, as it results from
specific interactions between habitat and genotype.

In tailless amphibians, variation in the timing of
metamorphosis has been well documented. Most studies
have shown that growth rate and body size determine the
timing of metamorphosis according to threshold effects
(Wilbur & Collins, 1973; Smith-Gill & Berven, 1979;
Alford & Harris, 1988; Hensley, 1993). The factors that
most strongly influence size at metamorphosis are den-
sity, food availability, temperature and stress (Travis,
1984; Berven, 1987; Tejedo & Reques, 1994; Newman,
1994; Denver, 1997; Denver et al., 1998). Moreover,
comparisons of tadpole development under standard-
ized rearing conditions among species have revealed
variation in the reaction norm of the trade-off between
size at metamorphosis and shortness of larval period in
response to temperature treatments (Blouin, 1992 ;
Morand et al., 1997). In the study of Morand et al.
(1997) that compared development  of species belong-
ing to the anuran assemblage of the Rhone floodplain,
most species exhibited such a trade-off. Bombina
variegata was an exception, and showed a canalization
of size at metamorphosis (absence of trade-off as the
slope of the bivariate reaction norm did not differ from
zero). This result was surprising because this species
mainly occupies unstable habitats within floodplains
(Morand, 1996). Such habitat use would be  expected to
promote plasticity.

The aim of the present study was to firstly  investigate
reaction norms to temperature and density in Pelodytes
punctatus, a species that also inhabits unstable habitats
in the early stages of ecological succession (i.e. ‘young’
habitats that appeared recently or that experience fre-
quent physical disturbances that maintain them at early
successional stages). These habitats are often located
within floodplains (Diaz Paniagua, 1988; Toxopeus et
al., 1993; Morand, 1996). Secondly, the life history of
this species is poorly documented and the present study
also aimed to provide precise estimations of length of
larval period and size at metamorphosis under control-
led conditions.



MATERIAL AND METHODS

Three clutches of eggs were collected in April 1996
in the Jons sector of the Rhone floodplain (see Joly,
1992). After hatching, tadpoles were distributed ran-
domly among 18 tanks according to a 3 × 2 factorial
design. Density and temperature were fixed factors with
three levels of  density (5, 15 and 30 tadpoles per tank)
and two levels of  temperature (15 and 25 °C). Each
treatment (density × temperature) was replicated three
times. Replicates were distributed randomly in the ex-
perimental room. Each tank was 40 × 40 cm long and 10
cm deep, and contained 4 l of continuously aerated wa-
ter. The lower temperature (15°C) was the ambient
temperature in the cooled room, whereas the higher tem-
perature (25°C) was maintained by using water heaters
in the aquaria. Temperature was checked in each tank
three times a week, and tadpoles were counted and the
tanks were cleaned. Boiled lettuce was provided ad
libitumas food.

When the froglets reached metamorphosis, they were
humanely euthinased, then dried on filter paper, meas-
ured to the nearest 0.1 mm (snout-urostyle length) under
a stereoscopic microscope and weighed to the nearest 1
mg. Dry mass was measured after heating for 48 hr at
80°C. Survivorship was estimated by the number of tad-
poles that successfully reached metamorphosis. After
experimental groups were selected, surplus tadpoles
were carefully reared in large tanks and released at the
sampling site when they reached stages 35-40 (Gosner
1960) to compensate for sampling impact on the source
population.

Survivorship, size and mass at metamorphosis, and
length of the larval period were compared by a two-way
ANOVA. Before performing ANOVAs, data were

Survival Length of larval Dry mass
(% metamorphs) period (days) (mg)

Density Replicate 15°C 25°C 15°C 25°C 15°C 25°C 15°C 25°C

5 1 100 80 100±15 31±3 18.8±0.8 16.5±1.2 98.1±22.4 55.1±14.4
5 2 100 60 89±10 46±6 18.5±1.0 16.3±0.6 107.6±17.0 55.4±6.1
5 3 80 80 103±19 41±7 17.3±0.9 16.5±1.1 70.1±16.5 64.3±8.8

Mean 93 73 97.3 39.3 18.2 16.4 91.9 58.3

15 1 73 60 76±5 54±9 17.3±1.2 16.7±1.3 72.2±9.6 69.6±14.1
15 2 67 80 89±18 58±12 15.9±1.4 15.5±1.1 54.7±19.1 47.8±11.2
15 3 60 100 104±22 65±11 15.8±0.9 15.3±0.9 48.8±7.5 45.9±12.9

Mean 67 80 89.7 59.0 16.3 15.8 58.6 54.4

30 1 50 33 106±13 61±16 15.8±1.3 16.1±0.6 50.4±14.9 54.3±5.0
30 2 53 33 93±16 72±24 15.6±1.2 15.7±0.8 47.3±13.5 50.0±7.5
30 3 77 60 115±10 58±19 16.5±0.8 14.5±0.8 56.5±9.5 37.6±6.4

Mean 60 42 104.7 63.7 16.0 15.4 51.4        47.3

TABLE 1. Mean survival, length of larval period (±SE), body length (±SE), and dry mass (±SE) of P. punctatus for each replicate
according to temperature and density.
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checked for homogeneity of variance  and normality.
Survival data were transformed from simple proportions
(p) to arcsin (vp) before analysis. Pairwise comparisons
of treatment means were performed using Scheffé’s
tests.

RESULTS
Survival to metamorphosis, mean length of larval pe-

riod, mean body length and mean dry mass in each
replicate are listed in Table 1. Mean survival to meta-
morphosis varied with density (F2,12=6.40, P=0.013),
declining as density increased, but it did not differ sig-
nificantly between temperature treatments (Fig. 1a,
Table 2).

The mean length of larval period was significantly
greater at  15°C than at 25°C at all densities (Fig. 1b).
Length of larval period also increased with increasing
density; this trend was more apparent at 25°C than at
15°C (F2,12=3.43, P=0.066, Table 2).

Both body length and dry mass at metamorphosis
were affected by the temperature and density treatments
(Figs 1c and 1d ; Table 2). Body length and dry mass
differed significantly between temperature treatments,
but only at low density. On day 5, mean body length and
mean dry mass were higher at 15°C than at 25°C (Table
1; Fig. 1) (Scheffé tests; P=0.032 and P=0.014, respec-
tively; for the other densities: P>0.05). Density affected
body length and dry mass only at low temperature, with
tadpoles larger at lower density (Scheffé tests on 15°C
data; for body length: days 5-15, P =0.023 ; days 5-30,
P=0.008; for dry mass: days 5-15, P=0.015; days 5-30,
P=0.004). No difference was detected between day 15
and day 30 (Scheffé test; P>0.05). At 25°C, size at meta-
morphosis was unaffected by density (Scheffé tests;
P>0.05).
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Survival Length of larval Dry mass
(% metamorphs) period (days) (mg)

Density Replicate 15°C 25°C 15°C 25°C 15°C 25°C 15°C 25°C

5 1 100 80 100±15 31±3 18.8±0.8 16.5±1.2 98.1±22.4 55.1±14.4
5 2 100 60 89±10 46±6 18.5±1.0 16.3±0.6 107.6±17.0 55.4±6.1
5 3 80 80 103±19 41±7 17.3±0.9 16.5±1.1 70.1±16.5 64.3±8.8

Mean 93 73 97.3 39.3 18.2 16.4 91.9 58.3

15 1 73 60 76±5 54±9 17.3±1.2 16.7±1.3 72.2±9.6 69.6±14.1
15 2 67 80 89±18 58±12 15.9±1.4 15.5±1.1 54.7±19.1 47.8±11.2
15 3 60 100 104±22 65±11 15.8±0.9 15.3±0.9 48.8±7.5 45.9±12.9

Mean 67 80 89.7 59.0 16.3 15.8 58.6 54.4

30 1 50 33 106±13 61±16 15.8±1.3 16.1±0.6 50.4±14.9 54.3±5.0
30 2 53 33 93±16 72±24 15.6±1.2 15.7±0.8 47.3±13.5 50.0±7.5
30 3 77 60 115±10 58±19 16.5±0.8 14.5±0.8 56.5±9.5 37.6±6.4

Mean 60 42 104.7 63.7 16.0 15.4 51.4        47.3

TABLE 2.  ANOVAs for length of larval period, body length and dry mass of P. punctatus tadpoles at metamorphosis.
***P<0.0001, **P<0.001, *P<0.05.

Source of variation df MS P

Length of larval period Temperature 1 8390.76 98.59***
Density 2 380.28 4.47*
Temp. × Density 2 292.15 3.43
Error 12 85.11 1.85

Body length Temperature 1 3.80 7.82*
Density 2 4.23 8.68*
Temp. × Density 2 0.76 1.55
Error 12 0.49

Dry mass Temperature 1 877.90 6.38*
Density 2 1057.89 7.69*
Temp. × Density 2 435.49 3.16
Error 12 137.62

FIG. 1. Influence of temperature and density on (a) survival; (b) length of larval period; (c) body length and (d) dry mass. Solid
squares: low temperature (15°C); open squares: high temperature (25°C).
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TABLE 3. Comparison of larval traits of Pelodytes punctatus with those of other European species reared at two temperature levels
and at a density  of 30 tadpoles per 4 litres. Data from Morand et al., 1997.

Dry mass (mg) Length larval period (days)

Temperature 15 25 15 25

Pelodytes punctatus 51±4 47±8.7 104±11 63±7
Bombina variegata 25±2 25±1 106±4 65±4
Bufo calamita 14±1 7±0.4 73±1 44±2
Bufo bufo 30±1 9±0.3 73±1 29±0.3
Rana temporaria 41±2 24±3 64±1 48±3
Rana dalmatina 60±3 25±2 106±2 49±7

The bivariate reaction norms of dry mass  in relation
to length of larval period (1/length of larval period)
highlighted the absence of trade-offs (negative correla-
tions) at each density (P=0.06 for day 5; P=0.71 for day
15; P=0.27 for day 30; Fig. 2). However, the P-value for
day 5 was close to significance, suggesting a trend to-
ward a trade-off at this density level.

DISCUSSION

Our data can be compared with those from other spe-
cies belonging to the anuran assemblage of the Rhone
floodplain obtained by Morand et al. (1997) with the
same rearing equipment (Table 3). As density was 30
tadpoles per 4 l in these previous experiments, compari-
sons are possible at this density. Length of larval period
of Pelodytes punctatus was one of the longest of the spe-
cies studied, and was very close to that of Bombina
variegata at both low and high temperatures. This result
differs from that of Diaz Paniagua (1988) who consid-
ered that development of P. punctatus (approximately
80 days in the field) was as short as that of other species.
However, the latter study  concerned length of larval
period under field conditions where P. punctatus did not
spawn at the same time  of the year as most other spe-
cies, making comparisons among species less
straightforward because of seasonal variation in tem-
perature, food availability and competition. In the north
of France, Toxopeus et al. (1993) also found the dura-
tion of the larval period varied from 67 to 102 days in
the field, depending on the year. From other studies, the
length of the larval period in the field ranges from 73 to
97 days (Balcells, 1955; Girard, 1989). All these data
are within the range we observed (from 31 to 115 day s
depending on both temperature and density). We are
confident in our comparisons with other species studied
by Morand et al. (1997) because of similar controlled
conditions. When  compared to the data of Morand et al.
(1997), size at metamorphosis of P. punctatus reached
high values (Table 3). This result is consistent with that
of Diaz Paniagua (1988), who also showed that
premetamorphic tadploles of P. punctatus  reached a
larger size than in most other species, except for
Pelobates cultripes, the tadpoles of which are excep-
tionally large.

P. JOLY ET AL.

FIG. 2. Bivariate reaction norms of size at metamorphosis
(log (dry mass)) and length of larval period (1/LP) to
temperature for each density. Full dots: individual data at
15°C; open dots: individual data at 25°C. DM = dry mass; LP,
larval period; d, density. Dry mass appeared to be influenced
by temperature only at low density.
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Long larval period and large size at metamorphosis
often correspond to the use of permanent water habitats
(Pough & Kamel, 1984). However, Pelodytes punctatus
is not a typical inhabitant of permanent waters, as most
studies state that this species avoids permanent waters
where fish are present. However, it can be abundant in
permanent waters where fish are absent, such as gravel
pits (Morand, 1996) or dune ponds (Toxopeus, et al.
1993). It also seems to avoid competition with other spe-
cies by occurring in mesotrophic and early succession
habitats that can be temporary (Diaz Paniagua, 1988;
Morand, 1996; Piégay et al., 1997). Morand et al.
(1997) also noted a long larval period in Bombina
variegata which occupies early succession habitats that
can be temporary (e.g. water-filled ruts and  small ponds
that are frequently flooded).

In comparing different temperature conditions, a
slight trade-off between shortness of larval period and
size at metamorphosis was only detected at low density.
High temperatures are usually expected to  induce a
shortening of larval period and hence a lower size at
metamorphosis (Blouin, 1992 ; Morand et al., 1997).
However,  canalization of size at metamorphosis with
respect to temperature variation has already been shown
in a few species such as Hyla squirella (Blouin, 1992)
and Bombina variegata (Morand et al. 1997). As for
long larval periods and large size at metamorphosis, low
plasticity of size in response to temperature variation is
a biological trait shared by both P. punctatus and B.
variegata, but not by other European anurans. Demon-
strating the adaptive  value of this trait is not an easy task
because confounding factors such as phylogeny can in-
fluence the expression of biological traits (Harvey &
Pagel, 1991). In this context, both species belong to an-
cient groups of tailless amphibians (i.e. Archeobatrachia
for B. variegata and Mesobatrachia for P. punctatus).
Other species belonging to these old groups, such as
Alytes obstetricans (Guyétant, 1975) and Pelobates
cultripes (Knoepffler, 1961; Diaz Paniagua, 1988), also
show large size at metamorphosis and long larval peri-
ods.

According to Werner (1986), the evolution of size at
metamorphosis results from a trade-off between per-
formance in aquatic habitats and performance in
terrestrial habitats, before and after metamorphosis, re-
spectively. Canalization of size at metamorphosis
suggests that success in the terrestrial habitat is con-
strained by selective pressures for a given minimum
size. Such pressures remain to be identified since our
knowledge of the ecology of juvenile anurans  is still
scanty. However, it is surprising that the species that
present the highest canalization of size at metamorpho-
sis are also those that inhabit unstable (i.e. temporary,
frequently flooded) habitats  where they appear as pio-
neer species.

Our work investigated plasticity by varying tempera-
ture, which is an important ecological factor because of
its influence on development rate and on species distri-
bution. Other factors have also to be investigated, such

as water duration or presence of predators that can ap-
pear more relevant with respect to performance in the
field. Other experiments in more complex environments
(mesocosms) are needed to confirm our conclusions as
variation in tadpole growth may be an artefact of the
rearing conditions in small tanks (Richards, 1958;
Biesterfeldt et al., 1993). Moreover, we also need field
studies that can quantitatively estimate the respective
impacts of different factors on tadpole growth and sur-
vival in various habitats. Understanding the
determinants of the trade-off between length of larval
period and size at metamorphosis needs more observa-
tions on other species to estimate the respective
influences of phylogeny (improving our knowledge of
larval traits of both Archeobatrachia and
Mesobatrachia) and  ecology (species inhabiting unsta-
ble vs stable habitats).

ACKNOWLEDGEMENTS

This paper has been revised by Eric Pattee. The sta-
tistical analyses benefited from the help of Peter
Rothery. We thank Clive Cummins and an anonymous
referee for their comments.

REFERENCES

Alford, R. A. & Harris, R. N. (1988). Effects of larval
growth history on anuran metamorphosis. American
Naturalist 131, 91-106.

Balcells, E. R. (1955). Contributions to the study of the
life cycle of Spanish amphibians. British Journal of
Herpetology 2,  1-6.

Berven, K. A. (1987). The heritable basis of variation in
larval developmental patterns within populations of
the wood frog (Rana sylvatica). Evolution 41, 1088-
1097.

Biesterfeldt, J. M., Petranka, J. W. & Sherbondy, S.
(1993). Prevalence of chemical interference
competition in natural populations of wood frogs,
Rana sylvatica. Copeia 1993,  688-695.

Blouin, M. S. (1992). Comparing bivariate reaction norms
among species: time and size at metamorphosis in three
species of Hyla (Anura Hylidae). Oecologia 90, 288-293.

Denver, R. J. (1997). Proximate mechanisms of
phenotypic plasticity in amphibian metamorphosis.
American  Zoologist 37, 172-184.

Denver, R. J., Mirhadi, N. & Phillips, M. (1998). Adaptive
plasticity in amphibian metamorphosis: response of
Scaphiopus hammondii tadpoles to habitat desiccation.
Ecology 79, 1859-1872.

Diaz Paniagua, C. (1988). Temporal segregation in larval
amphibian communities in temporary ponds at a
locality in SW Spain. Amphibia-Reptilia 9, 15-26.

Girard, F. (1989). Observations sur l’activité de divers
batraciens dans une dune littorale de Loire atlantique.
Bulletin Societe Herpetologica France 51,  27-32.

Gosner, K. L. (1960). A simplified table for staging anuran
embryos and larvae with notes on idenfication.
Herpetologica 16, 183-190.

PELODYTES LARVAL PERIOD 49

http://www.ingentaconnect.com/content/external-references?article=0003-0147()131L.91[aid=3336549]
http://www.ingentaconnect.com/content/external-references?article=0003-0147()131L.91[aid=3336549]
http://www.ingentaconnect.com/content/external-references?article=0045-8511()1993L.688[aid=1116505]
http://www.ingentaconnect.com/content/external-references?article=0029-8549()90L.288[aid=7678817]
http://www.ingentaconnect.com/content/external-references?article=0003-1569()37L.172[aid=28328]
http://www.ingentaconnect.com/content/external-references?article=0012-9658()79L.1859[aid=6240144]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()9L.15[aid=2713302]


P. JOLY ET AL.

Harvey, P. H. & Pagel, M. (1991). The comparative
method in evolutionary biology. Oxford University
Press, Oxford.

Hensley, F. R. (1993). Ontogenetic loss of phenotypic
plasticity of age at metamorphosis in tadpoles. Ecology
74, 2405-2412.

Joly, P. (1992). The amphibian fauna of the Upper Rhone
floodplain. Alytes 10, 117-129.

Morand, A. (1996). Dynamique de la coexistence des
espèces: de la théorie des perturbations à la théorie
des traits d’histoire de vie. L’exemple du modèle
amphibien dans l’espace alluvial du Haut-Rhône.
Thèse de Doctorat, Université Lyon1.

Morand, A., Joly, P. & Grolet, O. (1997). Phenotypic
variation in metamorphosis in five anuran species
along a gradient of stream influence. Comptes Rendus
Acadamie Sciences Paris, Life Sciences 320, 645-652.

Newman, R. A. (1994). Genetic variation for phenotypic
plasticity in the larval life history of the spadefoot
toads (Scaphiopus couchii). Evolution 48, 1773-1785

Piégay, H., Joly, P., Foussadier, R., Mourier, V. & Pautou,
G. (1997). Principes de réhabilitation des marges du
Rhône à partir d’indicateurs géomorphologiques,
phyto-écologiques et batrachologiques. Revue de
Géographie de Lyon 72, 7-22

Pough, F. H. & Kamel, S. (1984). Post-metamorphic
change in activity metabolism of anurans in relation to
life history. Oecologia 65, 138-144.

Richards, C. M. (1958). The inhibition of growth in
crowded Rana pipiens tadpoles. Physiological
Zoology 31, 138-151.

Scheiner, S. M. (1993). Genetics and the evolution of
phenotypic plasticity. Annual Review of  Ecology and
Systematics 24, 35-68.

Schlichting, C. D. & Pigliucci, M. (1995). Gene
regulation, quantitative genetics and the evolution of
reaction norms. Evolutionary Ecology 9, 154-168.

Smith-Gill, S. J. & Berven, K. A. (1979). Predicting
amphibian metamorphosis. American Naturalist 113,
563-585.

Tejedo, M. & Reques, R. (1994). Plasticity in
metamorphic traits of natterjack tadpoles: the
interactive effects of density and pond duration. Oikos
71, 295-304.

Toxopeus, A. G., Ohm, M. & Arntzen, J. W. (1993).
Reproductive biology of the parsley frog, Pelodytes
punctatus, at the northernmost part of its range.
Amphibia-Reptilia 14, 131-147.

Travis, J. (1984). Anuran size at metamorphosis :
experimental test of a model based on intraspecific
competition. Ecology 65, 1155-1160.

Werner, E. E. (1986). Amphibian metamorphosis: growth
rate, predation risk, and the optimal size at
transformation. American  Naturalist 128, 319-341.

Wilbur, H. R., (1980). Complex life cycles. Annual Review
of Ecology and Systematics 11, 67-93.

Wilbur, H. R. & Collins, J. P. (1973). Ecological aspects
of amphibian metamorphosis. Science 182, 1305-1314.

Accepted: 1.11.04

50

http://www.ingentaconnect.com/content/external-references?article=0012-9658()74L.2405[aid=7156045]
http://www.ingentaconnect.com/content/external-references?article=0012-9658()74L.2405[aid=7156045]
http://www.ingentaconnect.com/content/external-references?article=0753-4973()10L.117[aid=7678822]
http://www.ingentaconnect.com/content/external-references?article=0014-3820()48L.1773[aid=7156049]
http://www.ingentaconnect.com/content/external-references?article=0029-8549()65L.138[aid=7678820]
http://www.ingentaconnect.com/content/external-references?article=0066-4162()24L.35[aid=6312]
http://www.ingentaconnect.com/content/external-references?article=0066-4162()24L.35[aid=6312]
http://www.ingentaconnect.com/content/external-references?article=0269-7653()9L.154[aid=6331]
http://www.ingentaconnect.com/content/external-references?article=0003-0147()113L.563[aid=3336558]
http://www.ingentaconnect.com/content/external-references?article=0003-0147()113L.563[aid=3336558]
http://www.ingentaconnect.com/content/external-references?article=0030-1299()71L.295[aid=28338]
http://www.ingentaconnect.com/content/external-references?article=0030-1299()71L.295[aid=28338]
http://www.ingentaconnect.com/content/external-references?article=0173-5373()14L.131[aid=3336509]
http://www.ingentaconnect.com/content/external-references?article=0012-9658()65L.1155[aid=1508170]
http://www.ingentaconnect.com/content/external-references?article=0003-0147()128L.319[aid=28347]
http://www.ingentaconnect.com/content/external-references?article=0066-4162()11L.67[aid=32337]
http://www.ingentaconnect.com/content/external-references?article=0066-4162()11L.67[aid=32337]
http://www.ingentaconnect.com/content/external-references?article=0036-8075()182L.1305[aid=28346]

