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Abstract

The current increase of penetration of natural ultraviolet radiation (UVR) in southern South America
affects water bodies because the UVR can penetrate the water column. In this scenario, the zooplankton
develops photoprotective strategies such as vertical migrations against UVR or synthesis of photoprotec-

tive substances. The present study was done using a population of Ceriodaphnia dubia. that was collected
from small shallow wetland near Temuco, Chile. The specimens were exposed for 7 to 9 hours to natural
ultraviolet radiation, and with different colored nylon as protection against UVR, the experiment was done
during the southern summer of 2006. The results revealed that in the presence of protection against UVR
provided by colored nylon, the mortality was low, whereas under exposure to UVR and covering by trans-
parent nylon total mortality was observed. The relation between mortality and the dose of UV that can
penetrate the different colored nylon is represented by LC, in UV (280-400 nm) and UVB (280-320 nm),
within intensities of 234.82 and 14.96 kJ/m?, respectively.
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Introduction

An increase of natural ultraviolet radiation (UVR) is
currently described for South America, which is due to
stratospheric ozone depletion [1]. The UVR would affect
freshwater ecosystems because it can penetrate the wa-
ter column under conditions of absence of natural screens
such as dissolved organic carbon [2]. The aquatic fauna
under conditions of exposure to natural UVR generates
photoprotective strategies such as negative phototaxis
against UVR [1, 3, 4], or synthesis of photoprotective
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or antioxidant substances, such as carotenoids, myco-
sporine-like aminoacids, and melanine or ascorbic acids
[1, 5]. Many of these studies have dealt with crustacean
zooplankton species such as Daphnia spp for the north-
ern hemisphere or with Boeckella genera for the southern
hemisphere [6-10]. Many of the studied species inhabit
lakes of great depth or shallow ponds [1, 9, 11, 12]. The
literature descriptions explain that UVR-B is the most
harmful fraction within UVR radiation for aquatic fauna,
mainly zooplankton species, whereas the UVR-A has lit-
tle effect, because the UVR-A and visible light generate
activation photoprotective responses [1, 8, 13]

In central southern Chile there are numerous wetlands
between 37-40° southern latitude that are characterized
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by flooding during the winter rains. Some of these wet-
lands are ephemeral, with a dissecation period in sum-
mer. Unfortunately there are no published studies about
aquatic microinvertebrates of these water bodies. These
water bodies are shallow (Z < 6 m) and characterized by
the presence of submerged macrophytes such as Juncus
spp [14] that would provide shelter against UVR for the
aquatic microinvertebrates [15], because otherwise prob-
ably the UVR radiation would penetrate in whole water
column. The aim of the present study is to expose indi-
viduals of a cladoceran found in small wetlands to natural
UVR under different artificial protective colored nylon.

Material and Methods

The specimens of Ceriodaphnia dubia were col-
lected in a small wetland within Temuco (38°42°9.42” S
—72°32°47.92” W). The organisms used in the present ex-
periment were identified according to literature descriptions
[16]. The specimens were acclimated for four days using
water collected in Villarrica Lake (Bay of Villarrica town;
39°16°51.29” S — 72°13°14.37> W), that is characterized
by an oligo-mesotrophic status and high transparence and
penetration of UVR of the water column and predominance
of daphnids [17]. These conditions would indicate that Vil-
larrica lake would provide optimal conditions to sustain
abundant daphnid populations, including the species such

Table 1. Transmittance of different nylon used during the pres-
ent study for UV and UVB.

Transmittance
Nylon
uv UVB
Transparent 0.810 0.788
Yellow 0.070 0.086
Orange 0.170 0.154

as C. dubia [16], and in previous experiences with water
from Villarrica Lake (Bay of Villarrica town), these natu-
ral medium provide optimal conditions for sustain daphnid
specimens such as C. dubia (personal observations). The
experimental design consisted of two experiments, with
exposure and protection, respectively, by colored nylon
against UVR. The first experiment included the following
treatments: exposure to natural UVR, covered by trans-
parent, orange and yellow nylon. The experiment began
at 09:00 and finished at 18:00 on 25" January 2006. Also,
the second experiment included the following treatments:
exposure to UVR, orange and yellow nylon; this experi-
ment began at 10:00 and finished at 17:00 on 26™ January
2006. The experimental set up was done by foam plastic
as the bottom with small pieces of wood to support a plas-
tic cover 5 cm above. Between the bottom and the plastic
cover from the Petri dishes of 1 cm high and 10 cm diam-
eter were placed and filled with 30 ml of water from the
Villarrica Lake, keeping a constant volume, and three Petri
dishes were used in each treatment. Each experimental unit
was inoculated with ten specimens, and the dead specimens
were counted at the end of each experimental period. The
experiments were performed in the Meteorological Station
of the Mathematical and Physical Sciences Department of
the Catholic University of Temuco.

For the study period, solar ultraviolet radiation for
Temuco (dose and maximum intensity), and that transmit-
ted by different colored nylon (Table 1), was measured in
situ with a spectroradiometer Li-Cor model 1800. Table
1 lists the transmittance of different nylon (transparent,
orange and yellow) used in the present study, in the three
cases the values of the transmittance remain constant for
all the interval from 280 to 400 nm. These different kinds
of nylon were used to decrease UVR irradiance that af-
fected the treatments. The data obtained with the spectro-
radiometer included spectral radiation between 300 and
1100 nm, measured each 1 nm. The spectroradiometer is
calibrated according to the indications of the National Bu-
reau of Stantards (NBS) of the Unites States of America.
Extrapolation is used to calculate radiation UV between

Table 2. Average % mortality, standard error, dose and maximum UV for 280-400 nm and 280-320 nm, for each treatment used during

the present study.
Dose UV Dose UVB Maximum UV | Maximum UVB
Date Treatment 280-400 nm 280-320 nm 280-400 nm 280-320 nm % mortality
(kJ/m?) (kJ/m?) (W/m?) (W/m?)

Exposed 1622.9 95.4 57.0 3.7 100+ 0
25™ January Transparent 1314.4 75.2 46.2 29 100+ 0
09:00-18:00 hrs Yellow 113.8 8.3 4.0 0.3 50+ 12
Orange 275.8 14.8 9.7 0.6 50+6
Exposed 1382.8 84.2 58.2 3.9 100+ 0

1 Ofgh ! 1700 hes Yellow 96.8 7.2 4.1 0.3 17+3
Orange 235.1 13.0 9.9 0.6 40+ 15
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280 and 300 nm (this radiation corresponds to around 3%
of total UVB). To obtain the relationship between the per-
centage of mortality (LC, ) of the specimens and the UV
dose, were applied a regression analysis, using Statistica
5.0 software.

Results and Discussion

The results showed denoted a high mortality of speci-
mens during the experimental period under conditions of
high exposure to natural ultraviolet radiation, with treat-
ments of exposure to UVR and covering with transpar-
ent nylon (Table 2). Conversely, we found low mortality
under conditions of low exposure to UVR in treatments
of coverage with orange and yellow nylon (Table 2). A
regression analysis revealed the existence of a significant
logarithmic trend between percentage of mortality with
dose of UVR and maximum UVR for 280-320 nm (Fig.1
a, ¢) and 280-400 nm, respectively (Figs.1 b, d).
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The results of LC, for UV dose, in 280-400 nm and
280-320 nm, were 234.82 kJ/m? and 14.96 kJ/m?, respec-
tively. Thus, the present study revealed that the species
used is vulnerable to exposure to UVR, which agrees with
similar results obtained for other southern freshwater zoo-
planktonic crustaceans [7-10, 18]. The logarithmic trend
obtained in the present study is similar to descriptions in
the literature [6, 8, 19]. Similar short-term experiments
[19] with different levels of exposure to natural UVR for
Daphnia longispina and D. pulex at Arctic latitudes re-
vealed high mortality at 2000 kJ/m?. One need contrast
these results with field observations of behavior patterns
in response to UVR considering potential interactions
such as the role of submersed macrophytes as refuge, that
probably would be related to horizontal migrations to lit-
toral zones [15]. Other interactions that are not studied
would be effects of alterations at community level [10],
and effects of possibly present humic substances (dis-
solved organic matter) that would act as a natural screen
against UVR to protect zooplankton species [20-23]. In
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Fig. 1. Results of regression analysis for experiments done in the present study, between: (a), (b) mortality% and UV and UVB dose; (c),

(d)% mortality and UV and UVB maximum.
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wetland and shallow lakes the presence of submersed
macrophytes generates dissolved organic matter, which
under UVR exposure leads to photobleaching of dissolved
organic matter, a situation generating a labile substances
that enhances bacterial productivity [24-26], or formation
of oxidant substances [22]. Unfortunately there are not
studies of freshwater microcrustaceans in southern Chil-
ean wetlands. It is important to study the effects of high
exposure to UVR in Chile [27], because exposure to UVR
is a potential threat to microcrustaceans, which are an es-
sential resource sustaining endangered migratory aquatic
birds that use the wetlands of central southern Chile as
feeding areas [14].
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