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Abstract
The management and use of native species under laboratory conditions is the main difficult for species proposal for its 
use in bioassays. The present study showed the results about management under controlled conditions of Paratanytarsus 
grimmii (Diptera: Chironomidae), that is a parthenogenetic species with wide geographical distribution. It obtained 
its eggs from a pre Andean river from Araucania region (39° S), and it determined the conditions for larval rearing 
under artificial food, adults getting (manipulation), eggs (hatching sincronization) and larvae getting after hatching. 
The P.grimmii life cycle had larvae that late 23 days in get the pupa stage (stage I to IV), the adult within the next 
48 hours deposits the eggs that hatched at 72 hours. It stablished laboratory conditions: incubation room temperature, 
water pH, and artificial feeding, photoperiod and larvae and eggs management techniques. In according to obtained 
results it managed all life cycles under laboratory conditions that can propose the use of this species as potential 
biological material for toxicity bioassays.
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Cultura padrão de Paratanytarsus grimmii Schneider, 1885  
(Diptera: Chironomidae), para uso em bioensaios de toxicidade

Resumo
O manejo e o uso de espécies nativas em condições de laboratório são as principais dificuldades para a proposta de 
uso de espécies em bioensaios. O presente estudo mostrou os resultados acerca do manejo sob condições controladas 
de Paratanytarsus grimmii (Diptera: Chironomidae), espécie partenogenética com ampla distribuição geográfica. 
Foram obtidos seus ovos de um rio pré-andino da região de Araucanía (39º S) e determinadas as condições para 
criação de larvas sob alimentação artificial, obtenção de adultos (manipulação), de ovos (sincronização de eclosão) e 
de larvas após a eclosão. O ciclo de vida de P. grimmii teve larvas que, ao final dos 23 dias, atingiram o estágio de pupa 
(estágio I a IV). O adulto depositou nas 48 horas seguintes os ovos que eclodiram às 72 horas. Foram estabelecidas 
condições laboratoriais: temperatura da sala de incubação, pH da água e alimentação artificial, fotoperíodo e técnicas de 
manejo de larvas e ovos. De acordo com os resultados obtidos, foram gerenciados todos os ciclos de vida em condições 
de laboratório que podem propor o uso dessa espécie como material biológico potencial para bioensaios de toxicidade.

Palavras-chave: Paratanytarsus grimmii, chironomidae, ciclo de vida, bioensaios.

1. Introduction

The protection conditions for inland water ecosystems, 
mainly for northern Chilean Patagonia (38-40° S), requires 
an integral or ecosystem approach due the origin and 
evolution of these ecosystems, that have low human 
intervention, low species diversity, high endemism and 

primitivity of the species (De los Ríos-Escalante et al., 
2013). It is necessary to know the ecotoxicological response 
of native species that coexist in environments exposed to 
xenobiotic substances incorporated to the ecosystems due 
anthropogenic activity (Encina et al., 2017a, b).
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Currently, the inland water protection ecosystems in 
Chile is done by the control of chemical conditions under 
Environmental Impact Evaluation System (SEIA), that 
regulate the minimum and maximum values of determined 
level for concentration substances, energy isolated or 
combined. But there are not a causal relation between these 
elements and the effects of local environments (Encina et al., 
2017a, b) currently under an occurrence probability view 
point from the maximum tolerance levels on local relevant 
species in these ecosystems or also called Environmental 
Risk Evaluation (ERA).

Insecta from Diptera order, specifically larval 
Chironomidae stages are used frequently for bioassays 
(Rosa et al., 2014) for determine its response (LC50) under 
different elements present in the environment or in some case 
where it is necessary know the ecotoxicological response 
under determined substances. The characteristics of this 
biological material (in example Chironomus petiolatus, Ch. 
calligraphus) used for test water or sediments (USEPA, 
1994) have short time life cycles, easy management, and 
low culture requirements under laboratory conditions 
(Iannacone et al., 2002, 2005; Larraín et al., 1997; 
Ingersoll et al., 1990; Diepens, 2015; Gagliardi et al., 2016). 
Also, the larval sensitivity in according to its life stage 
determine an important variability factor in the results, 
that shows in reduce the plankton period (life stage I) of 
these insects (Iannacone et al., 2003). The studies trends 
to know the reproductive biology, life cycles and culture 
conditions for its intensive management of species used in 
ERA, that are important for define the standards conditions 
of the species that are proposed for be used in toxicity 
bioassays (Encina et al., 2017a, b).

In this scenario, it would be necessary use of native 
species, that would support the use of this technique in 
natural aquatic ecosystems considering the adaptation 
levels of these species, substituting the use of standardized 
species that have an evolutive and adaptative origin from 
other environmental conditions such was observed for 
microcrustaceans (Daphnia pulex) or microalgae (Selenastrum), 
in this scenario, the uncertainty would decrease under the 
moment for stablish the critical levels for establish the 
secondary character normative (Encina et al., 2017a, b).

In Chilean inland waters there are widespread chironomid 
species that are reported in rivers with different kind of 
pollution due human activities (Figueroa et al., 2003, 2007, 
2010). One of these species is Paratanytarsus grimmii 
(Schneider, 1885) that is widespread in natural ecosystems 
in southern Chile. This species was described with details 
by Langton et al. (1998), and it has wide distribution and 
abundant populations (Alexander et al., 1997). The aim 
of the present study was determine the life cycle, artificial 
feeding and the laboratory variables for massive culture 
of native P. grimmii as potential biological material for 
toxicity bioassays.

2. Material and Methods

Specimens capture: specimens were obtained from 
Codihue river (38°45’00” S – 72°07’59”W), at 70 km at 
east from Temuco, Araucania region, that is an affluent 
of Colico lake, this river is a pre Andean river that has 
different kind of rocky substrate (sand, grave, shingles and 
blocks), being shingles and blocks dominants with hepatics 
and filamentous algae covering their surfaces. Their river 
as have native forest and shrubs continous with species 
such as Fuchsia magellanica, Gunnera tinctoria, Chusque 
quila, Nothofagus dombeyi and Gevuina avellana with low 
presence of exotic species. The main anthropic activity in 
the sub-basin is mainly cattle raising at small scale, and in 
high zones there are Pinus radiata exotic culture zones. 
It was collected water parameters as reference at collection 
moment: temperature (16.8 °C), conductivity (23.4 mS/cm), 
total dissolved solids (11.9 mg/L) and pH (7.10).

Specimens collect and selection: in December 2009, in 
Codihue river, it done a Paratanytarsus grimmii (Schneider, 
1885), larvae collect, in different zones in the shallow zone 
of the river (10-40 cm). Different size stones were washed 
with brushes on plastics bails. Using plastic droplets were 
separated larvae and deposited in 1 L plastic bails that 
were covered with a net of 2 mm mesh and provided with 
aeration previous their moving to the laboratory. P. grimmii 
(Figure 1) is a wide distribution (Murray et al., 2004) and 
it is parthenogenetic (Langton et al., 1998).

Figure 1. Paratanytarsus grimmii (Schneider, 1885) native species for culture (larvae, female and eggs).
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Culture room and materials: it conditioned a 12 m2 
room with controlled temperature (21.6 ± 1.5 °C Max 
and 18.6 ± 1.8 °C Min), and photoperiod of 14 hr 
day (06:00 AM- 08:00 PM) and 10 hour darkness 
(08:00 PM – 06:00 AM). It installed 25×36×30 cm culture 
boxes with inside, a 19×12×7 cm plastic recipient filled 
with 200 mL of reconstituted water (INN, 1999), with 
16.5 ± 0.8 °C as average temperature, and 6.9 ± 0.5 as pH 
(n=9). In each recipient was installed an aeration system 
consistent of electric pump, connected with tubes and 
aeration stones, it deposited a 4.5 cm Petri dish filled with 
water as site of oviposture reception.

Water supplement: in all steps, the water was reconstituted 
in according to descriptions of Encina et al. (2017a, b) 
at environment temperature, and the eggs and larvae 
observations were done using a stereoscopic microscope 
model Zeiss 4X and optical microscope Olympus.

Feeding: for each culture recipient was supplied 
substrate and feeding each three days, for this purpose it 
was utilized 6 mL of solution with 2 g mixture and 10 mL 
water, the mixture was compound by Urtica sp leaves, 
commercial ornamental fish food (Tetramin), and sediment 
consistent of detritus collected in the same river where 
was obtained the larvae, the proportion of the used mix 
was of 0.1; 1.0:10 gr respectively. For sediment getting in 
the river to the detritus was deleted the water first using 
single filtration for drying at 110 °C during 24 hours on 
stove model Binder series FD. Urtica leaves were dried 
at 40 °C during 24 hours, once drying the sediments, 
leaves and fish food were macerated for obtain a powder 
previous its use.

Larvae rearing: it determined the P. grimmii larvae growth 
in longitude (mm), measuring daily the total length (from 
anterior head extreme from the last abdominal segment 
posterior extreme), to five specimens collected randomly 
from a cohort exposed to 24 hours thermal shock after 
hatching, until obtain pupa stage. The measurements were 
done using the longitude function of the software from 
a Konuz camera installed on ocular lent of microscope 
Olympus.

Pupa rearing: the larvae obtained in rearing boxes reach 
its pupa stage in the same recipient in two days larvae get 
its metamorphosis in the cocoon that leave swimming to 
the surface with abdomen movements.

Adults rearing: once finalized the metamorphosis the 
adult begin the flying localizing in the walls of rearing 
box. The adult specimen before the third day, fly on the 
culture boxing and Petri dish. The adult using the surface 
tension, curve its abdomen sinking it in the water for 
release the eggs using constant contractions. Pupas and 
adults individuals were not feed.

Eggs: ovipositions are characterized by a white long 
gelatinous filament, with ovoids eggs that are adhered to 
the surface of Petri dishes or hanged in the water column, 
where are removed with droplets.

2.1. Larvae and survival bioassays
Hatching larvae synchornization: for this purpose it 

stopped the egg development using a water 5 °C temperature 
drecreasing, for this objective, it used ovipositions obtained 
in Petri dishes installed within the rearing boxes daily in five 
day cycles. For thermal shocks, it used a 5 L refrigerator 
Whirpoool model WRD34BDWC, where has inside the 
ovipositions in 5 cm diameter Petri dishes, and 100 mL 
glass recipient with water for sustain wet and thermometers 
for obtain a daily temperature record. After fifth day, the 
ovipositions were retired from refrigerator and deposited 
at environment temperature in incubation room (± 20 °C) 
obtaining the respective hatching at third day.

Survival assay: with the aim of know the P. grimmii larvae 
survival response to the manipulation for future bioassays, 
it done a survival test with 15 replicated for five days, and 
survival was controlled at 24, 48, 72, 96 and 120 hours. 
The bioassay was done under 100 mL of reconstituted water 
as basis medium in glass recipient, larvae from 2-3 mm 
length (stage II), 25 individuals for each glass recipient, at 
22 °C, 14:10 hours (light: dark), without feeding and without 
aeration. It considered dead specimens the specimens with 
movement absence after touching with a needle of missing 
after cannibalism. The survival comparisons between the 
different times were compared using a one-way ANOVA 
and Tukey multiple comparison test, where the survival 
percentages were transformed to function arc-sin square 
root for obtain normality and homocedasticity as previous 
condition to ANOVA (Zar, 1999), using the software Xlstat.

3. Results

Larval growth: during 23 days it was recorded the 
larval length, the maximum growth was obtained at 20th day 
(5.11 ± 0.40 mm), the days 22th and 23th it observed pupa 
stage. The growth rate in length was its best adjust with an 
exponential curve (R2 = 0.931; P < 0.05), with an equation 
of y = 0.5912 e0,106x . During the rearing period it can 
distinguish a fast growth phase between days 1 to 8 (stage I), 
with 0.96 ± 0.30 mm as average longitude, characterized 
by individuals that swim free post hatching during the 
first 48 hours, and the formation of aggregations in the 
bottom of the recipient covered by sediment s between 
third and ninth day. A second phase (stage II) from the 
days 9 to 14 was characterized by individual shelters with 
2.05 ± 0.51 mm longitude. The third phase (stage III) from 
the days 15 to 20 has 4.48 ± 0.56 mm longitude, and with 
cannibalism. A fourth phase (stage IV) from days 21 to 23 
characterized by growth stopping at 4.86 ± 0.22 mm and 
pupa stage transformation (Table 1). Each group showed 
significant differences for Tukey test (P < 0.01).

Survival test: survival bioassays test with stage II 
larvae showed 100% survival at 48 hours and 93.3% at 
120 hours (Table 2). The obtained results do not show 
daily significant differences between different times of 
the assay (P < 0.001). These results allow denote that 
P. grimmii individuals in stage II have high survival under 
standard conditions and it can be used as good biological 
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material for ecotoxicological assays (bioassays) because 
they are easy for manipulate, reduced length variability, 
low cannibalism mortality probability and metamorphosis 
at pupa stage.

Eggs and adults manipulation: in 23th day, the adults 
began to hatch and after a brief time, the individuals begin 
its flying locating at sides and in the ceiling of rearing boxes. 
The adult life time late lower than 48 hours, period where 

parthenogenetic females of 1.5-2.0 mm length deposits their 
ovipositions as 4.0-4.5 mm filamentous shape adhered to 
walls of Petri dishes. The eggs have ovoid shape, adhered 
at sides each one and immersed in gelatinous mass that 
has approximately 130 eggs each one.

Life cycle: the used protocol for obtain adults under 
controlled conditions, allow establish the life cycle of 
P. grimmii under laboratory conditions, that late complete 
in 27 day, where the larval period late 20 days, pupa two 
days, adult two days, and eggs three days (Figure 2).

4. Discussion

The exposed results agree with literature about 
Chironomidae use in ecotoxicological bioassays, the 
literature about standardized species such as Chironomus 
ripiarus that consisted in reared larvae and do five days 
experiments (Tassou and Schulz, 2013), similar results were 
obtained for Chironomus sancticarli (Rebechi-Baggio et al., 

Table 1. Average length and growth rate in P. grimmi life stages under laboratory conditions.

Stage Period 
(days) Number

Average 
length 
(mm)

Variation 
coefficient Minimum Maximum

Growth 
rate  

(mm/day)
I 1 to 8 40 0.96 ± 0.30 0.31 0.54 1.52 0.09
II 9 to 14 30 2.05 ± 0.51 0.25 1.34 3.07 0.18
III 15 to 20 30 4.48 ± 0.56 0.12 3.42 5.58 0.12
IV 21 to 23 15 4.86 ± 0.22 0.04 4.59 5.34 0.0302

Table 2. Results of survival test done with stage II larvae 
obtained under controlled conditions.

Time (hrs) Survival (%) Standard 
desviation (%)

24 100.0 0.0
48 100.0 0.0
72 97.3 3.7
96 96.0 6.0
120 93.3 11.5

Figure 2. P. grimmii life cycle obtained under controlled conditions.
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2016). Nevertheless, for Chironomus dilutus it was carried 
out experiments of 45 days for determine acute toxicity 
(Du et al., 2014).

Figueiraujo et al. (2018) proposed use of chironomids 
for environmental pollution evaluation in urban rivers of 
Brazil, nevertheless they did not specify the specimens 
at species level, but they cultured specimens and do 
short time bioassays. This is important considering the 
importance of Chironomids for local environmental impact 
studies (Cortelezzi et al., 2013; Serra et al., 2017). In this 
scenario, in South America there are many water bodies 
affected by different kinds of human activities that need 
ecological impacts studies, mainly with native species, first 
characterizing it for each site (Cortelezzi et al., 2013), as 
previous step for culture and use in short term experiments 
(Rosa et al., 2014).

In this scenario, if it is considered that many central 
Chilean rivers are exposed to pollution to different kinds of 
human activities (Figueroa et al., 2003, 2007, 2010, 2013). 
If these ecosystems have many endemic species (Encina et al., 
2017c; Vega et al., 2017), it would be necessary first do a 
specific characterization at species level of species of each 
site, as previous step for culture (Encina et al., 2017a, b) and 
bioassays studied compared with standardized species, and 
finally stablish local ecotoxicological protocols involving 
native species (Encina et al., 2017a, b).

It can conclude that P. grimmii culture is viable in 
controlled conditions and allow the characteristics for 
requested requirements for biological material for use in 
toxicity bioassays first, and second in advance in the native 
species use in this technique, being a contribution in future 
process of standards establishment of secondary protection 
regulations (Environmental Secondary Quality Norm).
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