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Variance between individuals can pro-
vide additional information for ecotoxi-
cologists besides the mean

Borbala Szabé (Centre for Ecological Research, szabo.borbala@ecolres.hu)

In dose-response studies, the standard
method is to compare the means of the
tested parameters of the treated groups
to the control. The variance is usually
considered as background noise. Our
example demonstrates how variance is
not just a confounding

raw material for selection in their populations. Epigenet-
ic modifications change the DNA expression without al-
tering DNA itself.

The experiment about variance

A multigeneration experiment was performed with the
springtail. The animals were treated with increasing con-
centrations of an insecticide Trebon 30 EC (4). Three

factor, but can be a
source of meaning-
ful information. We

Ecotoxicologists usually think
about variance as a nuisance

growth, eight reproduc-
tion, and two behav-
ioural parameters, and
the food consumption
were measured, and the

measured fifteen pa-
rameters to identify which ones show dif-
ferences in variance related to concen-
tration.

Ecotoxicologists usually consider variance (the distribu-
tion of data around the mean) as a nuisance. It causes
several setbacks, like simple statistical tests cannot be
used, our estimates become imprecise, and differences
from the control group become hard to find. However, in
the 1980s and 1990s, discussion emerged around the use
of variance as a meaningful parameter (Z,2) which could
even be more sensitive than the “golden” mean (.3).

An experiment was performed to assess the effect of
increasing insecticide concentrations on the springtail
(Folsomia candida). Our model animal was the “white-
rat” springtail, a soil living animal microorganism, which
is asexual and very common in organic matter rich soil
Several standard tests (e.g OECD, ISO) were developed
using them. Springtails have a role in the litter decompo-
sition and regulation of soil microbes, such as mycorrhi-
za.

One of the main reasons behind changes in variance may
be selection; selection may cause the genetic variance to
decrease. On the other hand, with basic high genetic vari-
ance, toxic material could induce different reactions in
different genotypes. Asexual species show little genetic
variability; however, epigenetic variation can provide the

growth-reproduction trade-off calculated (5,6). Measure-
ments were repeated on the three subsequent genera-
tions in two ways: (i) the offspring got the same treat-
ment as the parents (multigenerational treatment) and
(ii) the offspring were not treated (transgenerational
treatment). Only the effects of the parental, grandparen-
tal, grand-grandparental treatment were visible in the
subsequent generations (see Figure 1). Variance differ-
ences from the control were then statistically tested.
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Figure 1. Experimental design. The darkening colour
symbolises the strengthening effect of the insecticide and
the fading colour the weakening effect. The red spark
shows the insecticide treated groups
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Variance reveals different selection
types

In one-third of the parameters, we found a significant
change in variance (decrease, or increase), compared to
the control. In the following, we present the results for
the first clutch size (an important life-history parame-
ter), and explain the possible reasons behind the ob-
served variance changes.

In the first generation, the variance increased in the
treated groups compared to the control, which can have
several causes. Trait-flexibility could be one reason, but if
that were true, then we would not see an effect in the
transgenerational group, which was not treated; only
maternal effects would be present. More variable off-
spring have a better chance to survive in a stressful and
changing environment, because at least some of them
will survive the new circumstances. In addition, selection
can support not only one but more strategies simultane-
ously; this is called disruptive selection. As a theoretical
example, there are two strategies found in case of spring-
tails. Those who lay few eggs during the first reproduc-
tion (e.g 20) and detoxify more; or those who lay a lots
of eggs during their first reproduction (e.g 60) and de-
toxify less, compared to an intermediate strategy, where
the mean is stable at 40 eggs and has a low variance (eg
10). Thus, for the whole population the mean number of
eggs is still 40, but because half of the population tends
to a mean of 20 and the other to 60, the variation be-
comes 30, which is much higher than the original 10.

In our experiment, the two possible successful strategies
are (i) individuals invest energy into the first clutch, but
not much into detoxification, and (ii) individuals invest
energy into detoxification and their own survival, but not
into the size of the first clutch. Both strategies may be
successful in the long-term for the survival of the popula-
tion. This energy trade-off was observed with fruit-flies
and mosquitos (7,8). However, disruptive selection is a
low probability explanation, while it acts in the long-term
and the next generations show a different pattern, the
increasing variance may indicate maternal effects. In
addition, it is known that the next generation embryoni-
cally may be affected in the body of the adult animal.

In the later generations, the variance of the first clutch
size decreased because of the treatment, while the mean
of the parameter did not change. This pattern is the
marker of stabilising selection when the mean of the
given trait is near the current best possibility, and that is

why individuals farther from the mean are selected out.
Another possibility is that producing variable offspring
for the stressful environment is costly for the animals, so
it will not be worth keeping up the process if the stress is
not too high. The third option is that because one reac-
tion is the best in a particular stress situation, the pheno-
typic variance, so the variance of the appearance of trait
is channelled into a narrow range. In the case of water
fleas, it has been found that high concentration treatment
with crude oil could decrease the variance compared to
the control (9).

As such, we conclude that variance can give information
about the stress state of animals, even when the meas-
ured mean does not react; as such, variance may provide
early warning of problems. In addition, testing variance
differences does not require extra laboratory work or
measurements, only further calculations on existing data.

References

1. Bennett, A. F. Interindividual variability: an underuti-
lized resource. in New directions in ecological physi-
ology (eds. Feder, M. E., Bennett, A. F., Burggren, W.
W. & Huey, R. B.) 147-169 (Cambridge University
Press, 1987).

2. Calow, P. Variability: noise or information in ecotoxi-
cology? FEnviron. Toxicol. Pharmacol. 2, 121-123
(1996).

3. Orlando, E. F. & Guillette, L. J. A re-examination of
variation associated with environmentally stressed
organisms. Hum. Reprod. Update7,265-272 (2001).

4. MitsuiChemicals Inc. America. Information sheet of
Trebon. Last accessed 2020.01.29. http://
mitsuichemicalsamerica.com/m/trebon.php (2020).

5. Szab¢, B, Seres, A. & Bakonyi, G. Distinct changes in
the life-history strategies of Folsomia candida Willem
(Collembola: Isotomidae) due to multi- and transgen-
erational treatments with an insecticide. Appl Soil
Ecol 152,103563 (2020).

6. Szabd, B, Lang, Z., Kovér, S. & Bakonyi, G. The inter-
individual variance can provide additional infor-
mation for the ecotoxicologists beside the mean. £co-
toxicol. Environ. Saf.217,112260 (2021).

7. Zera, A. ]. & Harshman, L. G. The physiology of life
history trade-offs in animals. Annu. Rev. Ecol. Evol.
Syst.32,95-126 (2001).

8. van Straalen, N. M. & Timmermans, M. J. T. N. Genetic
variation in toxicant-stressed populations: an evalua-
tion of the ‘genetic erosion’ hypothesis. Hum. Ecol.
Risk Assess. 8,983-1002 (2002).

9. Nikinmaa, M, Suominen, E. & Anttila, K. Water-
soluble fraction of crude oil affects variability and has
transgenerational effects in Daphnia magna. Aquat.
Toxicol. 211,137-140 (2019).



