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Abstract

The selection criteria for toxicity test species though well documented, does not
provide a clear approach for establishing the suitability of a species for toxicity
testing. This study looks at an approach used for establishing C. rigaudii as a
suitable freshwater toxicity test species for regulatory testing in Trinidad and
Tobago. A comparison was made between the life cycle, toxicological responses
and sensitivity of C. rigaudii and D. magna. The results showed that C. rigaudii
(0.45mm) was significantly smaller in size, had a shorter life cycle, matured
faster and was more sensitive to toxicants than the temperate cladoceran species,
D. magna. This study was useful in defining a stepwise approach to help
establish C. rigaudii as an indigenous tropical toxicity test species in Trinidad.

Keywords:  ceriodaphnia  rigaudii, cladoceran, Trinidad, interspecies
correlation, species selection, toxicity test.

1 Introduction

Toxicity tests generally follow standard protocols developed for both aquatic and
terrestrial organisms. These tests are often standardized with respect to species
selection, pre-test maintenance/care of organisms, age of test organisms, food,
duration, ambient light conditions, temperature, and end-points. Standardised test
protocols [1-4], are commonly used by various environmental protection
agencies (U.S. Environmental Protection Agency, Environment Canada and
Environmental Management Authority in Trinidad), forming an integral part of
their environmental monitoring programs.

The choice of test organism has a major influence on the relevance, success,
and interpretation of toxicity tests. No one organism may be suited for all
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toxicity test protocols. Though the selection criteria for test species are well
documented [5], they do not yield sufficient information about species sensitivity
and offer little assistance in helping to designate a new species as being
acceptable for regulatory testing. Studies investigating the sensitivity of test
species have often been based on either; (1) Toxicity evaluation of single or
combination of toxicants [6—8], or (2) interspecies and intertaxa correlations,
which evaluated the comparative sensitivities of different species [9—-17]. Though
these studies identified a method of assessing the sensitivities of different species
they do not show how it could be combined to evaluate whether a test species is
acceptable for regulatory testing.

Toxicity tests commonly utilise a wide variety of fish, decapod and insect
species. However the various species of daphnia (Daphnia magna, Daphnia
pluex, Ceriodaphnia dubia) and mysids (Admericamysis bahia, Americamysis
bigelowi, Americamysis almyra) are often preferred. Ceriodaphnia rigaudii, a
tropical daphnid species, and M. insularis have recently [18-20] been screened
as potential indigenous tropical toxicity test species for Trinidad. The integration
of toxicity testing into the legislative framework for the control of water
pollution in Trinidad and Tobago began with the introduction of the
Environmental Management Act 2000. This Act mandated the development of
rules that would incorporate all of the factors necessary for the effective
monitoring and control of effluent discharge. These regulations have proposed
the use of biological methods for effluent monitoring, with designation of
indigenous estuarine/marine species as the accepted test species. This paper
looks at the approach used to assess the suitability of C. rigaudii as an
indigenous freshwater toxicity test species for use in Trinidad and Tobago

2 Method

The assessment of the suitability of C. rigaudii as a toxicity test species, took
into consideration; life cycle assessment, toxicity evaluation, interspecies
comparison and sensitivity evaluation.

2.1 Life cycle assessment

Ceriodaphnia rigaudii collected from pools at Valencia in northern Trinidad,
were maintained in the laboratory at 25°C; 0%o salinity; pH 7-8; total alkalinity
40-50 mg/L; total hardness 90-100 mg/L and dissolved oxygen greater than 4
mg/L. These specimens were not been exposed to toxic materials in situ before
testing. Cultures were fed on a diet consisting of a mixture of chlorophyll extract,
yeast and fish food. A minimum of fifty individuals were sampled for
morphological characterization [19]. C. rigaudii maturation was assessed by
monitoring the moulting rate and the time required for deposition of the first
eggs into the brood chamber. The reproductive capacity was assessed by
determination of the number of broods and the total number of juveniles
produced by each organism.
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2.2 Toxicity characterization and sensitivity evaluation

Acute toxicity tests were conducted in sterile 24 well culture clusters (Corning
Incorporated), using juveniles (<24h old neonates), obtained from in-house
laboratory cultures. Juveniles were exposed to a control and ascending series of
five to seven concentrations for each of six toxicants (Cadmium chloride,
Potassium dichromate, Sodium dodecyl sulfate, Potassium chloride, Tritox X-
100 and Copper (II) sulphate) [12, 21]. All toxicants were analar grade chemicals
(99% pure) obtained from Sigma-Aldrich chemical company. Test solutions
were prepared by volumetrically mixing aliquots of a stock solution with dilution
water. Three replicate test concentrations were used with a minimum of five
neonates in 2 mL of test solution. Interspecies correlation and ‘sensitivity factor’
(SF) (LC50sp1/LC50sp2) estimations of the acute toxic response of C. riguadii
and D. magna to the six chemicals were then used to compare sensitivities [12].

3 Results

C. rigaudii typically has a short life cycle and is relatively easy to culture and
maintain under laboratory conditions. It has a rounded body and is about 0.45 +
0.03mm long [19], whereas D. magna may attain lengths of 6-7mm [3]. The
body is covered by a single folded carapace with large hexagonal reticulations
and opens ventrally, giving the appearance of a bivalve [19]. The average life
span of C. rigaudii was found to be 10-15 days, which was less than that
reported for other temperate species such as D. Magna (40-56), C. dubia (30-50)
and D. pulex (approximately 50 days) [3].

Three distinct developmental phases were identified for C. rigaudii; eggs,
juveniles, adults. C. rigaudii reached sexual maturity within 2 days when the first
brood sac appears and the first eggs appear. However, D. magna is reported to
attain sexual maturity between 6-10 days while C. dubia takes 4-10 days [3].
Female of C. rigaudii generally produces an average of 2 juveniles in the first
brood, which are released approximately 2 days after the eggs first appear.
During subsequent broods adults produce an average of 4 juveniles per brood. A
single female may have about 4-5 broods during its life span, averaging 1brood
every 2 days, and generating about 10-16 juveniles. However, Stross and Kangas
[22] reported that D. magna typically averaged about 4.8 juveniles for the first
brood and 14 per brood for subsequent broods.

Presently, though toxicity data is available for cladoceran species (C.
reticulata, C. dubia, D. magna and D. pluex) from temperate regions, the body of
data available for tropical species is limited [12, 18, 20, 21]. The 48h LC50
values for C. rigaudii ranged from 0.002 mg/L (potassium dichromate) to 21.1
mg/L (potassium chloride) whereas those for D. magna ranged from 0.3 mg/L
for copper sulphate to 418.87 mg/L (Table 1) for potassium chloride. The LC50
values for C. rigaudii were significantly less (P<0.05) than D. magna for six of
the compounds tested. The interspecies correlation also showed a low positive
correlation (R* = 0.5), suggesting that the sensitivities of both species were not
very similar for the compounds tested. The sensitivity factors of C. rigaudii and
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D. magna for the toxicants, ranged between 0.01 and 12.3 [12]. These values all
suggested that C. rigaudii was more sensitive than D. magna for of the
compounds tested (Table 1).

Table 1: Mean 48h LC50 values for Daphnia magna and Ceriodaphnia
rigaudii [12].
Sensitivi
Toxicants Mean LC50 (mg/L) and Standard Deviation e;;;gf;ty
(SD) v
Ceriodaphnia | Daphnia D. magna rig aSA dii/D
rigaudii Magna (literature magna) '
values)
Copper Mean 0.34 0.28 0.041mg/L [15]; 1.3
sulphate 0.0lmg/L, [4];
0.0495mg/L
[24]
Potassium Mean 21.11 418.87 | 83mg/L, 0.05
chloride 166mg/L,
SD 3.1 322 93mg/L,
149mg/L [4]
Sodium Mean 20.87 1.8 12.3
dodecyl
sulphate SD 2.9 0.35
Cadmium Mean 0.2 0.52 0.178mg/L [15]; 0.4
chloride 0.01mg/L,
SD 0.08 0.13 0.166mg/L,
0.065mg/L [4]
Potassium Mean 0.002 0.25 0.112mg/L [15] 0.01
dichromate
SD 0.0006 0.05
Triton Mean 5.85 11.2 0.53
X100
SD 0.31 0.69
Zinc Mean 1.09 1.8 0.1mg/L, 0.62
Chloride 0.334mg/L, [5];
SD 0.09 0.35 0.068-
0.798mg/L [25];
0.84mg/L [26]

4 Discussion

Toxicology tries to identify the effects of chemicals on humans or the
environment and relies on the use of appropriate test species. The choice of test
organism has a major influence on the relevance, success and interpretation of
toxicity tests while no one organism is best suited for all test protocols. Though
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the selection criteria for species used in toxicity testing have been well
documented [5] very little is available on an approach that may be followed to
help establish a species as being appropriate for testing.

The approach introduced in this study has thus far been successful used to
establish two indigenous tropical species, C. rigaudii and M. insularis as
potential test species, suitable for use in regulatory toxicity test in Trinidad and
Tobago. It involved identification and life cycle characterization, toxicological
assessment using standard chemicals [21] and subsequent evaluation of its
sensitivity with respect to D. magna, an established test species. The results of
these tests suggest that C. rigaudii was significantly smaller in size, has a shorter
life cycle and matures faster than temperate species such as C. dubia, and D.
magna. Many of these temperate species are typically 3mm in length as adults,
where as the size of C. rigaudii is approximately 0.45 mm at maturity. Average
life spans are usually 30-40 days and attain sexual maturity in about 3-5 days for
C Dubia and 6-10 days for D. magna, whereas C. rigaudii has a life span of
about 10-15 days and reaches sexual maturity within 2 days. Comparative
sensitivity evaluation also suggested that C. rigaudii was more sensitive than D.
magna to the toxicants tested. It is probable that the difference in relative
sensitivities may be due to temperature preferenda and that toxicity data
generated with D. magna may not be appropriate for Trinidad.

Previously, sensitivity studies for temperate species reported separately on
tests with specific compounds or comparative sensitivities between species.
However these methods were never combined to show how they could be used to
establish a species as being suitable for use in regulatory testing. The approach
presented in this paper showed to be a useful, logical series of steps that helped
evaluate the suitability of C. rigaudii standard test species for regulatory
purposes, in Trinidad and Tobago.

References

[1] American Public Health Association (APHA), Toxicity Test Methods for
Aquatic Organisms, Standard Methods for the Examination of Water and
Wastewater, 17th ed., Washington, DC, Part 8000, 2000.

[2] American Society for testing and Materials. Standard practice for
conducting acute toxicity tests with fish, macroinvertebrates, and
amphibians. In: Book of ASTM standards, 11.04; ASTM, Philadelphia,
Pennsylvania, USA, 1987.

[3] US EPA (U.S. Environmental Protection Agency), Short-term methods for
estimating the chronic toxicity of effluents and receiving waters to West
Coast Marine and Estuarine Organisms. EPA/600/R-95/136, 1995.

[4] European Commission, Method for the determination of ecotoxicity, part
C.2: Acute toxicity for daphnia (directive 92/69/EEC (annex; V 1992
adaptation to 67/548/EEC)), Off. J. Eur. Comm., L(383), pp.172-178.
1992.

[5] American Society for testing and Materials, Standard Test Method for
Measuring the Toxicity of Sediment-Associated Contaminants with

WIT Transactions on Ecology and the Environment, Vol 110, © 2008 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



224

(6]

(7]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

Environmental Toxicology II

Freshwater Invertebrates In: Book of ASTM standards, E1706-05 11.04;
ASTM, Philadelphia, Pennsylvania, USA, 2007.

Slooff, W., Canton, J.H., & Hermens, J.L.M., Comparison of the
susceptibility of 22 freshwater species to 15 chemical compounds. I. (sub)
acute toxicity tests. Aquatic Toxicology, 4, pp. 113—-128, 1983.

Lilius, H., Isomaa. B., & Holmstrom. T.A., Comparison of the toxicity of
50 reference chemicals to freshly isolated rainbow trout hypatocytes and
Daphnia magna. Aquatic Toxicology, 30, pp. 47-60, 1994.

Buckler, D.R., Meyer, F.L., Ellersieck, M.R., & Asfaw, A., Evaluation of
minimum data requirements for acute toxicity value extrapolation with
aquatic organisms. EPA/600/R- 03/104. Gulf Breeze Florida. 2003.

Lussier, S.M., Kuhn, A., Chammus, M.J., & Sewall, J., Life history and
toxicological comparisons of temperate and subtropical mysids. American
Fishery Society Symposium. 9, pp. 169—181, 1991.

Vesteeg, D.J., Stalmans. M., Dyer, S.D., & Janssen, C., Ceriodaphnia and
daphnia: a comparison of their sensitivity to xenobiotics and utility as a test
species. Chromosphere, 3(4), pp. 869-892, 1997.

Wogram, J., & Liess, M., Rank ordering of macroinvertebrate species
sensitivity to toxic  compounds by comparison with that of Daphnia
magna. Bulletin of Environmental Contamination and Toxicology, 67, pp.
360-367,2001.

Mohammed, A., Comparative sensitivity of the tropical cladoceran,
Ceriodaphnia rigaudii and the temperate species Daphnia magna to seven
toxicants Toxicology and Environmental Chemistry, 89(2), pp. 347-352,
2007.

Cowgill, U.M., & Milazzo, D.P., The sensitivity of Ceriodaphnia dubia and
Daphnia magna to seven chemicals utilizing the three brood tests. Archives
of Environmental Contamination and Toxicology, 20, pp. 211-217, 1991.
Ferrando, M.D., Andreu-Moliner. E., & Fernandez-Casalderrey, A.,
Relative sensitivity of Daphnia magna and Brachionus calyciflorus to five
pesticides. Journal of Environmental Science and health B, 27(5), pp. 511—
522,1992.

Elnabarawy, M.T., Welter, A.N., & Robideau, R.R., Relative sensitivity of
three daphnid species to selected organic and inorganic chemicals.
Environmental Toxicology and Chemistry, 5, pp. 393-398, 1986.

Harmon, S.M., Specht, W.L., & Chandler, G.T., A comparison of the
daphnia, Ceriodaphnia dubia and Daphnia ambigua for their utilization in
routine toxicity testing in the Southern Unites States. Archives of
Environmental Contamination and Toxicology, 445, pp. 7985, 2003.
Mayer, F.L. Jr., & Ellersieck, M.R., Manual of acute toxicity: Interpretation
and data base for 410 chemicals and 66 species of freshwater animals. US
Fish and Wildlife Services Resource Publication 160. 1986.

Garcia, K.M., Comparative sensitivities of tropical and subtropical mysids
to toxicants. M. Phil. Theses. University of the West Indies. 2001.
Mohammed, A., New records of cladocera (Crustacea) for Trinidad.
Journal of the Field Naturalist Club, pp. 32-35 2004.

WIT Transactions on Ecology and the Environment, Vol 110, © 2008 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)



Environmental Toxicology IT 225

[20] Mohammed, A., & Agard, J.B.R., Comparative salinity tolerance of three
indigenous tropical freshwater cladoceran species; Moinodaphnia macleayi,
Ceriodaphnia rigaudii and Diaphanosoma brachyurum. Environmental
Monitoring Assessment 127, pp. 307-313, 2007.

[21] Mohammed, A., & Agard, J.B.R., Comparative Sensitivity of Three
Tropical Cladoceran (Diaphanosoma brachyurum, Ceriodaphnia rigaudii
and Moinodaphnia macleayi) Species to Six Chemicals. Journal of
Environmental Science and health A, 41(12), pp. 2713-2720, 2006.

[22] Stross, R.G., & Kangas, D.A., The reproductive cycle of daphnia in an artic
pool. Ecology, 50(3), pp. 457460, 1969.

[23] Lazorchak, J.M., & Waller, W.T., The Relationship of Total Copper 48-H
LC50s to Daphnia magna Dry Weight. Environmental Toxicology and
Chemistry, 12, pp. 903-911, 1993.

[24] Koivisto, S., Ketola, M., & Walls, M., Comparison of Five Cladoceran
Species in Short- and Long-Term Copper Exposure. Hydrobiologia, 248(2),
pp- 125-136, 1992.

[25] Attar, EN., & Maly, EJ.,, Acute Toxicity of Cadmium, Zinc, and
Cadmium-Zinc Mixtures to Daphnia magna. Archives of Environmental
Contamination and Toxicology, 11(3), pp. 291-296, 1982.

[26] Enserink, E.L., Maas-Diepeveen, J.L., & Van Leeuwen, C.J., Combined
Effects of Metals; An Ecotoxicological Evaluation. Water Resources,
25(6), pp. 679-687, 1991.

WIT Transactions on Ecology and the Environment, Vol 110, © 2008 WIT Press
www.witpress.com, ISSN 1743-3541 (on-line)





