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Abstract

Avoidance behavior can be a useful parameter for assessing the ability of organisms to
escape from pollutants in their environment. For soil evaluation, a variety of invertebrates
is used including the oribatid mite Oppia nitens. Here, we tested the avoidance behavior of
O. nitens using a two-chamber test and an escape test with exposures to different cadmium
concentrations of up to 800 mg kg™ dry LUFA 2.2 soil for 2, 4, and 6 days, and up to 7
weeks. With the two-chamber method, the oribatid mites had the choice between clean and
polluted soils, whereas they were allowed to escape from a box with polluted soil to clean
containers without soil with the escape method. Avoidance of cadmium was observed after
2 days in both tests and the net response of the mites in the two-chamber test increased
with increasing cadmium exposure concentrations. Mite responses varied through time,
especially with the escape method; with the avoidance behavior becoming more variable
and overall non-significant with longer test durations. This is the first study investigating
the escape test simultaneously with long-term avoidance of cadmium by O. nitens. This
mite species is a promising species for avoidance testing in soil ecotoxicology, but more
experiments are needed to evaluate the factors that influence its responses in laboratory
tests and the consequences for its distribution in contaminated ecosystems.
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Introduction

Pollution of the environment due to anthropogenic activities may pose serious risks to
human and environmental health (Vitousek et al. 1997). Contamination of soil, air, and
water caused by metals as well as other organic and inorganic compounds is one of the
factors contributing to the disturbance of natural habitats (e.g., Fountain and Hopkin 2004;
Venter et al. 2016). As a result, pollution influences the biodiversity of organisms by
changing their distribution and abundance in a particular area (Van Straalen 2004; Austruy
et al. 2016). For example, a decrease in collembolan species richness and abundance in
human-disturbed urban areas compared to natural sites has been linked to elevated concen-
trations of pollutants (Santorufo et al. 2012). Adverse effects of chemicals on the presence
and activities of an organism therefore need to be considered in environmental conserva-
tion programs.

Avoidance tests demonstrate the ability of organisms to escape from pollutants they
encounter in their habitats, which, in the case of soil, is very relevant due to its high het-
erogeneity. From an ecological point of view, this avoidance behavior can alter the distri-
bution of organisms in their natural environment and diminish their presence in parts of
the habitat, with possible consequences for ecosystem functions (i.e., soil quality) due to
pockets of polluted soil being insufficiently inhabited by soil invertebrates (e.g., Gillet and
Ponge 2003). For a proper risk assessment of chemicals, it is recommended to combine
this type of avoidance tests with standard toxicity tests (Aldaya et al. 2006; Natal da Luz
et al. 2008; Owojori et al. 2011; Gainer et al. 2019). Another practical advantage of avoid-
ance tests is the short time required to perform them; i.e., generally 2 days (for example,
earthworms or collembolans) compared to the longer-term reproduction and survival tests
(OECD 2004; Lukkari et al. 2005; ISO 2008, 2011). However, it should be noted that soil
invertebrates do not always detect and avoid contaminants, and this behavior appears to
be contaminant- and species-specific; for example, enchytraeids did not show clear avoid-
ance behavior to boric acid (Amorim et al. 2008) and phenanthrene (Gainer et al. 2019).
Moreover, Owojori at al. (2011) showed that oribatid mites avoided boric acid only at
150 mg kg™! dry soil.

Orbatid mites are among the most abundant soil organisms, found in different soil types
and regions (Krantz and Walter 2009; Fajana et al. 2019). They are classified as organisms
contributing to the decomposition of soil organic matter and as a consequence, enhance-
ment of soil fertility (Coleman et al. 2004). Although Lebrun and van Straalen (1995) pros-
pected their usage several years ago, oribatid mites have only recently been proposed for
the ecotoxicological assessment of contaminated soils. Studies exist on the survival and
reproduction of the mite Oppia nitens Koch (Acari: Oribatida, Oppiidae) exposed to field
and artificial soils contaminated with metals, pesticides, and organic chemicals (Princz
et al. 2010; Owojori et al. 2012; Princz et al. 2012; de Lima e Silva et al. 2017; Keshavarz-
Jamshidian et al. 2017; Li et al. 2018; Princz et al. 2018). This mite species is easy to
maintain and to culture under laboratory conditions, and has recently been adopted as
test organism for a standard toxicity test (ISO 2018; ECCC 2019). Cadmium showed to
be toxic to O. nitens and toxicity increased with time of exposure (Keshavarz-Jamshidian
et al. 2017).

There are many studies in the literature in which the avoidance of metals (especially
cadmium and copper) and other pollutants by soil organisms has been investigated; e.g.,
earthworms, collembolans, enchytraeids, and isopods (Natal da Luz et al, 2004, 2008;
Amorim et al. 2008; Kobeti¢ové et al. 2009; Boiteau et al. 2011; Niemeyer, et al. 2018;
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Mariyadas et al. 2018). However, only two studies have assessed the avoidance behavior
of oribatid mites (Owojori et al. 2011; Gainer et al. 2019). Owojori et al. (2011) investi-
gated the avoidance behavior of O. nitens to metals (cadmium, copper, zinc, and lead) and
organic pollutants (phenanthrene, benzo[a]pyrene, geraniol, and boric acid) using a one-
day avoidance test at their first attempt. Their results showed mite avoidance at high con-
centrations of copper and lead, to phenanthrene, geraniol, and boric acid. These authors did
not find significant effects of time of exposure on the avoidance of the mites to copper and
phenanthrene; but, a significant difference was found between low and high concentrations
of copper at day 1 and day 2 (not for phenanthrene). The authors concluded that one day
was enough to assess the avoidance of copper and phenanthrene. No other soil invertebrate
avoidance study has assessed long-term avoidance. Moreover, the latter authors assessed
the effect of soil properties (organic matter, clay content, moisture content, and pH) on
avoidance behavior of O. nitens by changing soil characteristics (one at a time) in one side
of the two-chamber test while control standard OECD artificial soil was used in the other
side. They reported that changing soil properties had little effect on mite behavior in a
one-day test. In another study, Gainer et al. (2019) showed that O. nitens avoided petro-
leum hydrocarbons while some other invertebrates, such as enchytraeids, did not. They
recommended the inclusion of avoidance tests, as a first step, in toxicity test batteries for
assessing soils contaminated with these hydrocarbons. Moreover, invertebrate avoidance
occurred at concentration levels that caused chronic toxicity to sensitive plant species.

The aim of the present study was to assess the avoidance behavior of O. nifens when
exposed to different cadmium concentrations using two different avoidance test methods
and different test durations. The avoidance methods used were a two-chamber test and an
escape test (see details in "Materials and methods’). Therefore, this study is the first soil
ecotoxicology test to investigate escape behavior simultaneously with a conventional two-
choice avoidance test and assessing long-term avoidance behavior.

Materials and methods
Test soils

Standard LUFA 2.2 natural soil (Speyer, Germany), was used for the experiment. The
physico-chemical characteristics of the soil were: pHc,¢;, = 5.5%0.1, water holding capac-
ity=45.2+5.0%, cation exchange capacity =10.0+0.8 cmol, kg™!, and total organic car-
bon content=1.93 +0.20%. Soil samples were air-dried, sieved (2 mm mesh), and homog-
enized prior to the experiments.

Test animals

Oppia nitens had been cultured at the Vrije Universiteit Amsterdam, The Netherlands,
for more than 4 years. The original stock was kindly provided by Dr. J.I. Princz, Environ-
ment and Climate Change Canada, and was originally sampled from soils at the Central
Experimental Farm, Ottawa, Canada, by Dr. V.M. Behan-Pelletier. Animals were cultured
on a plaster of Paris substrate base, which was moistened every week, and baker’s yeast
(Algist Bruggeman) was used as food source. The animals were kept in a climate cham-
ber at 20 °C, 75% relative humidity and 8:16 h dark:light regime. For the avoidance tests,
newly emerged age-synchronized adults identified by having a pink-brown color were used.
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Spiking soils

Test soils were spiked with an aqueous solution of cadmium nitrate [Cd(NO;), X 4H,0;
Sigma-Aldrich; 99% pure] dissolved in deionized water in a concentration such that the
desired final concentration of cadmium in soil was obtained by adding sufficient deionized
water to moisten the soil to 50% of its water holding capacity. Nominal cadmium concen-
trations of 50, 100, 200, 400, and 800 mg kg_1 dry soil were used for both avoidance tests
(two-chamber and escape, see below). Non-spiked LUFA 2.2 soil was used as a control
(also moistened with deionized water to 50% of its water holding capacity). The selected
test concentrations were within the range of cadmium concentrations in field-contaminated
soils and based on a previous toxicity test where LC50 values of 265-490 mg kg~' dry
soil were estimated when exposing O. nitens to cadmium for up to 7 weeks in LUFA 2.2
soil (Keshavarz-Jamshidian et al. 2017). Spiked soil was kept for two weeks prior to start-
ing the experiments. Then, soils were distributed over the experimental containers. Every
week, the containers were checked and deionized water was added to compensate for mois-
ture loss, assessed by weighing.

Experimental procedures
Mite avoidance was evaluated using two methods:

(1) Two-chamber avoidance test
Circular plastic containers (diameter 4 cm, height 3 cm) were divided into two sections
with a metallic separator (Fig. S1, Supporting Information). One section was filled with
approximately 20 g spiked soil, the other section with the same amount of clean soil.
The test also had a clean/clean treatment in which both sections were filled with the
non-spiked soil. For each cadmium concentration/time, five replicates were prepared.
After adding the soils, the divider was removed. For each experimental container, ten
mites were placed on the line of contact between the soils (spiked/clean). After 2, 4, 6,
and 49 days, mites were extracted (Tullgren) from five replicate containers per treat-
ment (Van Straalen and Rijninks 1982) with the cadmium-spiked soil and clean soil
sections from each container being placed in separate containers. The number of mites
collected was counted after 48-h extraction. The collecting containers (diameter 8 cm,
height 10 cm) in the Tullgren extractor were positioned so as to prevent escaping of
the mites (see Fig. S1).
(2) Escape avoidance test

Circular plastic containers (diameter 4 cm, height 3 cm) with a gauze bottom (mesh
1 mm) were placed on top of another plastic cylinder (diameter 4 cm, height 3 cm), both
were then placed into a small Petri dish (Fig. S2, Supporting Information). Spiked or
clean soils were placed in the top containers, which were closed with a plastic lid to pre-
vent the mites leaving the boxes. To each experimental container, ten mites were added.
Mites were allowed to move freely in the soil, incubated at normal lab conditions. The
collecting Petri dishes were checked every day for mites. After 2, 4, and 6 days, and
2,4, 6, and 7 weeks, the number of mites escaped up to that time was evaluated. Due
to the experimental design and the height of both containers (total 6 cm), mites could
not return to the test containers with soil after they had escaped to the clean Petri dish.
For each cadmium concentration/time, five replicates were used. Additional replicates
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were included for pH and cadmium analyses. For long-term treatments (2, 4, 6, and 7
weeks), the animals were fed every week by adding a few grains of dry baker’s yeast
on the top of the soil; the animals were not fed in the shorter tests (i.e., up to 6 days).

Soil analyses

At the beginning of the experiment, the soils were analyzed for pHc,e and total and
0.01 M CaCl,-extractable cadmium concentrations, using analytical methods described
earlier (Ardestani and van Gestel 2013; Ardestani et al. 2014a; Keshavarz-Jamshidian
et al. 2017). Cadmium concentrations were measured using a flame atomic absorption
spectrophotometer (F-AAS, Perkin Elmer, AAnalyst 100). The reference material for soil
analysis was ISE 989 River clay (Wageningen, The Netherlands). Measured cadmium
concentrations for the reference material were always within 15% of the certified val-
ues. Blanks were always used for checking the accuracy of the analyses. At the end of
the experiment (after 7 weeks), pHy o, PHc,c,» and total cadmium concentrations in soil
and in water- and 0.01 M CaCl,-extracts were measured. In the extracts, pH was measured
using a WTW Inolab 7110 instrument and cadmium by F-AAS.

Data analysis

The avoidance behavior in the two-chamber method was expressed as follows:

_N-2T
===

A )]
where A (avoidance score) is the net response of the mites, N is total number of oribatid
mites added to each replicate, and T is number of mites observed in the cadmium-spiked
soil. From the formula, it may be seen that if the mites show no preference or avoidance,
T = (1/2)N and A=0; if all the mites avoid the contaminated soil, T=0 and A=+ 100;
if all the mites prefer the contaminated soil, T=N and A = —100. So, A is a measure of
the avoidance response on a scale between — 100 and + 100 (Hund-Rinke and Wiecher-
ing 2001). In the two-chamber avoidance test, we used the avoidance score as defined
above, for each replicate.

For the escape method, we used the number of mites collected in the dishes underneath
the test and clean soils. A Levene’s test was conducted for checking the homogeneity of
variances. Then, a generalized linear model was used to establish any effect of cadmium
concentration on the two-chamber avoidance with a binomial error distribution (BGLM)
and on the escape tests with a poisson error distribution (PGLM). One-way analysis of
variance (ANOVA) was also used to compare pH values at the beginning and the end of
the experiment. All analyses were run in Statistica 13.3.

Results

Soil pH and measured cadmium concentrations

At the beginning of the test, pH¢,q, slightly increased with increasing cadmium con-
centration, except for the treatment with 800 mg Cd kg™' dry soil (Table 1; Fs¢ = 34.1,
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Table 1 The pH of the LUFA 2.2 test soil (Speyer, Germany) used in avoidance tests with Oppia nitens
exposed to nominal cadmium concentrations of 0 (control) to 800 mg kg~! dry soil

Nominal Cd (mg kg™ dry soil)

pH 0 50 100 200 400 800

pHy oend  554+0.04™ 546+0.02° 539+001° 539+000° 5.86+0.09" 576x0.03

PHeycl, 539+0.03° 5.43+0.005> 547+0.00° 5.55+0.00° 5.60+0.005* 5.42+0.02%
-start

pHe,oend 4.96+0.005° 4.93+0.01°  4.91+£0.005° 4.92+0.04° 544+001°  552+0.04

Shown are the averages of two replicates (+ SE; n=2). The end values were measured after 7 weeks. Means
within a row followed by the same letter do not differ significantly (one-way ANOVA followed by Tukey
HSD post hoc test: p <0.05)

p<0.001). The same pattern was observed for pHg,c, at the end of the test (F5¢ = 161.3,
p<0.001). Soil pHc,;, was lower at the end than at the start of the test. pHy, was meas-
ured only at the end of the test and slightly increased with increasing cadmium concentra-
tions (Table 1; F5 ¢ = 24.8, p<0.001).

The measured total concentrations of cadmium in the LUFA 2.2 soil were in the range
of nominal values, except for the two highest concentrations at the end of the test (Table 2).
Extractable cadmium concentrations increased with increasing total cadmium concen-
trations in the test soils and were always higher in 0.01 M CaCl,- than in water-extracts
(Table 2; see also Fig. S3, Supporting Information).

Two-chamber avoidance test

The average mite recovery (+SE) was 89+3.2% after 2 days. Except for 49 days, homo-
geneity of variances was confirmed for 2, 4, and 6 days of the test (Levene’s test; Fy,, =
0.90; p<0.05, for 2 days, F, 5, = 1.91; p<0.05, for 4 days, and F, 5, = 0.16; p <0.05, for 6
days). At 100 mg Cd kg™' dry soil, a relative preference response (attraction, negative A)
to the contaminated soil was observed compared to other cadmium concentrations. The net
response of the mites increased at higher cadmium concentrations and was generally above

Table2 Mean (+ SE; n = 2) total and water- and 0.01 M CaCl,-extractable cadmium concentrations (mg
kg™!) in LUFA 2.2 soil used in avoidance tests with Oppia nitens

Nominal ~ Start-soil End-soil End-water Start-0.01 M CaCl, End-0.01 M CaCl,
Cd

(mg kg™

dry soil)

0 0.001 (+<0.001) 0.001 (+x<0.001) 0.002 (+x<0.001) 0.001 (+<0.001) 0.001 (+<0.001)
50 53.9 (+2.06) 49.2 (£1.62) 0.04 (+<0.001) 0.34 (+0.005) 0.49 (+0.009)
100 127 (£1.57) 105 (+1.06) 0.10 (£0.002) 0.82 (£0.07) 1.16 (£0.003)
200 324 (£27.1) 217 (+0.30) 0.20 (0.004) 1.58 (+0.04) 2.32 (+0.004)
400 423 (+1.04) 411 (£26.9) 0.31 (x0.002) 3.78 (+0.16) 4.04 (£0.005)

800 826 (+33.7) 377 (£55.2) 1.32 (+0.02) 10.1 (+0.46) 9.99 (+0.03)

Animals were exposed to cadmium for up to 7 weeks at nominal concentrations of 0-800 mg kg™' dry
LUFA 2.2 soil
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zero (avoidance) in the two-chamber test after 2 days exposure, except for one concentra-
tion at which the response on average was below zero (BGLM, Wald’s X2= 1.91, df=1,
p>0.05; Fig. 1a). The overall net response of O. nitens to cadmium was statistically sig-
nificant across cadmium concentrations (BGLM, Wald’s X2 =6.78,df=1, p<0.01).

80 -
(A) 2 days
60 -
§
T 40 -
Q
<
S 20 A
2
g
g 01
) 50 200 400 800
20 -
-40 - Nominal Cd concentrations (mg kg! dry soil)
80 1 04 days
(B) 06 days
60 A @49 days
s
T 404 7
Q
=
= 20 A ‘|'
(]
S 0 [] | | I
5 SP 100 20 400 800
% 20 -
40 -

Nominal Cd concentrations (mg kg™ dry soil)

Fig. 1 Mean (+ SE; n = 5) net response of Oppia nitens after 2 days (a) and 4, 6, and 49 days (b) of expo-
sure to cadmium concentrations of 50 to 800 mg kg~! dry LUFA 2.2 soil in the two-chamber avoidance test.
Positive net response indicates avoidance and negative net response indicates attraction (preference)
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The effect of time was quite variable in the two-chamber test; in some cases, a clear
pattern for the effect of time on the net response of the mites was found when cadmium
concentrations increased (after 2 days and relatively after 4 days, but not in other cases).
Variation in the data did not allow generalizing this pattern. Overall, no significant differ-
ences were found when considering the effect of time across different cadmium concentra-
tions (BGLM, Wald’s x*=0.45, df=1, p>0.05; Fig. 1b). Except for a few cases (200 mg
Cd kg™! dry soil) in which attraction to the contaminated soil was observed, avoidance was
the dominant behavior of the mites. Mite recoveries were 92+2.1 and 89+1.9% after 4
and 6 days, respectively. The avoidance behavior of the mites was higher after 6 days of
test compared to other time intervals. After 7 weeks of exposure, mite avoidance was quite
low, especially at the cadmium concentrations of 400 and 800 mg kg~! dry soil.

Escape avoidance test

In the escape avoidance test, the effect of exposure concentrations on the average number
of escaped O. nitens was not statistically significant across different cadmium-spiked soils
using all data from 2, 4, and 6 days and 2, 4, 6, and 7 weeks (PGLM, Wald’s X2= 1.10,
df=1, p>0.05; Fig. 2a, b). However, the effect of time was significant (PGLM, Wald’s
x>=60.1, df=1, p<0.001). In a 2-day escape test, the average number of mites escaped
from contaminated soil was the same across all cadmium concentrations (Fig. 2a; PGLM,
Wald’s X2=O.70, df=1, p>0.05). The only exception was the cadmium concentration of
800 mg kg™' dry soil where the lowest number of mites escaped from the experimental
containers. An increasing trend for the number of mites escaping cadmium-contaminated
soils was observed with increasing cadmium concentrations for the long-term treatments
(4, 6, and 7 weeks). A 7-week duration for the escape test resulted in the highest number
of escaped mites, except for the cadmium concentration of 800 mg kg™ dry soil (Fig. 2b).

Discussion

Soil pH was only slightly affected (up to 0.5 units) by different cadmium concentrations
(Table 1); therefore, pH was likely not an influencing factor for the avoidance behavior.
This result is consistent with Owojori et al. (2011) who did not observe a significant effect
of pH on the net response of the mite O. nitens at pH levels of 3.1-8.1 in OECD artificial
soil. This could actually be an advantage of using this mite species for testing different
soils with a variety of pH ranges. Princz et al. (2010) also demonstrated the tolerance of
O. nitens to different field soils with pH ranging from 3.9 to 7.5. In the two-chamber tests,
mite recoveries varied between 89 +3.2 and 92 +2.1%, indicating the validity of the test as
specified in the ISO guidelines (ISO 2008, 2011, 2018).

The results of the present study showed an avoidance behavior of O. nitens after 2
days in the two-chamber test, with a general increasing trend with increasing cadmium
concentrations (except for 100 mg kg™' dry soil, Fig. 1a). It should be noted that we did
not observe a significant difference among avoidance of the mites when comparing differ-
ent cadmium concentrations together at all time points. However, the net response of O.
nitens to cadmium was consistent with a previous study on metals (Owojori et al. 2011),
but not actually as strong as for other contaminants (phenanthrene and geraniol). Contrary
to our results, other studies could not demonstrate such clear avoidance of oribatid mites
and collembolans exposed to cadmium at concentrations of up to 1000-1200 mg kg™' dry
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Fig.2 Mean (+ SE; n = 5) number of Oppia nitens escaped after 2, 4, and 6 days (a) and 2, 4, 6, and 7
weeks (b) of exposure to cadmium concentrations of 50 to 800 mg kg™ dry LUFA 2.2 soil in the escape
avoidance test

soil (Greenslade and Vaughan 2003; Owojori et al. 2011). The net response in the latter
studies varied across different concentrations, with the mites showing attraction (prefer-
ence), instead of avoidance, to half of the cadmium concentrations tested. Studies on earth-
worms and potworms exposed to cadmium in different soils, however, did show avoidance
and confirmed that 2 days could be a suitable assessment time for these tests (Stephen-
son et al. 1998; Natal da Luz et al. 2008; Amorim et al. 2008). Van Gestel (2012) also
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recognized avoidance behavior as a valuable endpoint for pollution assessment which may
be as sensitive as reproduction. The avoidance of mites in the present study was highest
at concentrations close to and above the reported EC50 value of 345 mg kg™' dry soil
reported by Keshavarz-Jamshidian et al. (2017) for O. nitens after 7 weeks of exposure to
cadmium. It should be noted that the low response of the mites could be due to cadmium
toxicity at the higher concentrations (see below).

Time was an important factor in our avoidance experiments. We used long-term two-
chamber avoidance tests for the first time to assess this behavior in a soil invertebrate spe-
cies. Although O. nitens showed avoidance in longer time intervals, up to 49 days, the vari-
ation in the data did not allow us to establish a clear trend (Fig. 1b). In few cases, attraction
(preference) of mites to contaminated soils was found. After 49 days, we observed quite
low avoidance at higher cadmium concentrations which may be attributed to mortality
of the mites. These (high) concentrations are in the range of the LC50s of up to 490 mg
kg‘1 dry soil, as reported by Keshavarz-Jamshidian et al. (2017) after 3 weeks of exposure.
After 7 weeks of exposure, LC50 was 265 mg kg™! dry soil showing the high toxicity of
cadmium for the mites (Keshavarz-Jamshidian et al. 2017). We observed mite avoidance
for the cadmium concentration of 50 up to 800 mg kg~! dry soil after 2 days of the test
(Fig. 1a) which is contradictory to Owojori et al. (2011) who did not observe a difference
in the net response of mites to cadmium in a short-term test. Our results for 4 and 6 days
are similar to Owojori et al. (2011). However, for copper and lead, the short-term avoid-
ance test did result in clear net response of O. nitens (Owojori et al. 2011). Since there is
still no consensus on the level of variability of the results that can be accepted as a stand-
ard level (or validity criterion) among different studies, the comparison of different studies
should be considered with caution.

For different soil organisms, short (one day) or longer durations of exposure (2 days to
14 days) may be needed for their actual response to different metal (and/or other chemi-
cal) concentrations. This might depend on the test species and their sensitivities (Table S1,
Supporting Information). Different soil invertebrates have different chemical and mechani-
cal sensory organs allowing them to escape from harmful conditions and/or move to more
favorable places (see below; see also Slifer and Sekhon 1978; Edwards and Bohlen 1992;
Lukkari et al. 2005; Curry and Schmidt 2007). However, this needs further investigation
in different species. For example, Gainer et al. (2019) showed that a 2-day test is suitable
to get similar test results for four soil invertebrates exposed to petroleum hydrocarbons-
contaminated soils, except for Enchytraeus crypticus which turned out to be less exposed
to these hydrocarbons due to the very low solubility of these chemicals.

The difference in the avoidance response of the oribatid mite species O. nifens com-
pared to other soil organisms may be related to the chemoreceptor characteristics (as shown
by Stephenson et al. 1998 for earthworms), physiological and morphological characteris-
tics, and behavioral and ecological characteristics of the test species, as shown before for
earthworm species (Edwards and Bohlen 1996; Lukkari and Haimi 2005). The response of
organisms to metals and other pollutants may be species-specific and contaminant-specific
(Ardestani et al. 2014b). In previous studies, it was shown that oribatid mites can continue
to accumulate cadmium for more than 7 weeks without reaching equilibrium in the animal
or that they were able to survive at 1000 mg kg~' dry soil up to 36 weeks of exposure
(Ludwig et al. 1991, 1993; Keshavarz-Jamshidan et al. 2017). This might indicate a high
ability of oribatid mites to compartmentalize metals (Ludwig et al. 1991), i.e., detoxifying
them and storing in a form shut off from metabolism.

In the escape test, we observed the moving out of O. nitens from contaminated soils
after 2 days and a relative increase in the number of mites with increasing cadmium
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concentrations, except at 800 mg kg~ dry soil (Fig. 2a). This again confirms that a 2-day
escape test could be an indicator of avoidance behavior. It should be noted that the low
number of mites escaping at higher concentrations is likely due to potential toxic effects
influencing their behavior. However, the highest number of escaped mites from the experi-
mental containers was observed after 6 and 7 weeks of exposure (long-term test, Fig. 2b).
This was probably related to the high number of mites produced during the test, forming
the new generation of emerged adults at sub-lethal cadmium concentrations. Sengbusch
and Sengbusch (1970) reported that 40—45 days was needed for the mites to reach the adult
stage from eggs at 20 °C. Oppia nitens laid eggs at the rate of one egg/female/day in labo-
ratory condition (Fajana et al. 2019) and the reproduction rate of this mite was 2.7 juve-
niles per adult up to 28 days of its life cycle (Princz et al. 2010). However, a reproduction
cycle of 28 days (for having age-synchronized deutonymphs, in a substrate of plaster of
Paris, fed with grains of baker’s yeast in the laboratory at 21 °C) has been recommended
as a full life cycle for soil toxicity tests with O. nitens (Princz et al. 2010). Therefore, the
increasing number of mites after 4-5 weeks in the present study is in agreement with cur-
rent knowledge on the life cycle of O. nitens. Moreover, low mite avoidance was observed
for 800 mg kg~! dry soil after 7 weeks of exposure in the escape test. This is due to the fact
that mites could be dead, since this concentration is higher than LC50 values reported for
cadmium in LUFA 2.2 natural soil (Keshavarz-Jamshidian et al. 2017). The latter authors
reported increasing toxicity of cadmium to O. nitens from 3 to 7 weeks of exposure with
the LC50 values decreasing from 490 to 265 mg kg™ dry soil.

In conclusion, the oribatid mite O. nitens only avoided cadmium at concentrations that
did already affect its survival, and more obviously after 2 days of exposure. Extending
the test duration did no longer show clear avoidance responses in the mites, especially for
the two-chamber test. However, the results of the escape test suggested avoidance from
cadmium-spiked soils by O. nitens. This finding needs further confirmation by performing
additional tests for metals and other contaminants.
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