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ABSTRACT

We compared the composition and richness of acute and chronic toxicity datasets
for Cd, Cu, Ni, Pb, and Zn to several natural aquatic communities. The richness of
acute datasets was reasonably representative, with the largest toxicity datasets con-
taining a higher number of genera than some natural aquatic communities. Acute
datasets also had a reasonably diverse composition compared to natural
aquatic communities, although insects were underrepresented and cladocerans
overrepresented. Given this robustness, we suggest manipulation of large acute
datasets (Cd, Cu, Zn) to account for site-specific differences in aquatic commu-
nity composition can be accomplished with confidence and that this will not result
in under-protection of sensitive taxa. In contrast, the chronic datasets were not rep-
resentative of natural aquatic communities in terms of composition or richness.
Chronic dataset richness is an order of magnitude less than natural aquatic commu-
nities. Chronic datasets have minimal representation of insects, whereas cladocera
and salmonids are grossly over-represented in some cases. Further, no real patterns
in the relative sensitivity of genera groups can be discerned with such limited data.
As a result, we conclude there is considerable uncertainty regarding how biases in
genera representation may lead to under- or over-protection of aquatic communi-
ties on a chronic basis. Given this, manipulation of chronic datasets to better reflect
site-specific aquatic communities is not recommended without additional chronic
testing using a wider diversity of aquatic genera.
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INTRODUCTION

Aquatic toxicity datasets have been used for several purposes including develop-
ment of water quality criteria (WQC) and species sensitivity distributions (SSDs) for
risk assessment. The intent is to derive a value (concentration) that is sufficiently
low to be adequately protective of ecosystem structure and function or, in the case of
risk assessment, to describe the fraction of the aquatic community that might be im-
pacted by a given exposure concentration. Water quality criteria have been derived
using several types of data, including toxicity tests of single species, multiple species
microcosms/mesocosm tests, and field studies. Because of the costand complexity of
field and mesocosm studies, most WQC have been derived from laboratory toxicity
tests of single species. A key issue in deriving a WQC is how to ensure the distribu-
tion of taxa sensitivities on which the WQC is based is ecologically relevant and that
it provides a realistic level of protection for a given substance. Characterizing the
sensitivity for all taxa in an ecosystem of interest is generally not possible, necessitat-
ing the use of toxicity datasets with limited numbers of species. Various approaches
have been applied to toxicity datasets to derive WQC. These approaches have used
different statistical models of species sensitivity distributions (Stephan et al. 1985;
Aldenberg and Slob 1993) and extrapolation factors such as the acute-chronic ratio
(Stephan et al. 1985).

Extrapolation approaches were developed to avoid many of the problems inherent
with use of assessment factors. The most frequently used extrapolation approaches
(Stephan et al. 1985; Aldenberg and Slob 1993) are designed to address the issues
of number of taxa represented, the variance in the SSD, and level of protection.
These approaches assume that the variability in toxicity data between species can
be addressed by an appropriate cumulative probability distribution (e.g., SSD). This
SSD and its parameters (e.g., mean and standard deviation) are typically derived
from laboratory toxicity tests that meet specific criteria concerning data quality and
relevance. The SSD is used to estimate the concentration of a toxicant at which a
specific percentage of taxa are protected. This concentration is selected as the WQC,
which protects a certain percentage of the aquatic community (e.g., 95%) and the
specific taxa encompassed by this distribution.

A key assumption in the use of SSDs to derive WQC or for risk assessment is that
the toxicity data in the distribution are random and representative samples of the
aquatic community intended to be protected (Stephan et al. 1985; OECD 1992). In
an attempt to ensure this assumption is met, requirements on minimum data size and
composition have been recommended in the United States and Europe (Stephan
et al. 1985; OECD 1992). Stephan et al. (1985), for example, recommends that for
freshwater criteria a minimum of eight genera be tested. Further, the composition
of these eight genera in freshwater must include the following: (1) At least one
representative from the family Salmonidae, in the class Osteichthyes; (2) a second
family in the class Osteichthyes; (3) a third family in the phylum Chordata (either
Osteichthyes or Amphibia); (4) a planktonic crustacean (e.g., cladoceran, copepod);
(5) a benthic crustacean (e.g., ostracod, isopod, amphipod); (6) at least one rep-
resentative from the class Insecta; (7) a family in a phylum other than Arthropoda
or Chordata (e.g., Rotifera, Annelida, Mollusca); and (8) a family in any order of
insect or any other phylum not already represented.
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The overall intent of these testing requirements is to provide a phylogenetically
diverse dataset that includes taxa groups known to generally be sensitive to contam-
inants. Although this may be the intent of the testing requirements, since their in-
ception questions have been raised regarding the representativeness of the datasets.
For example, Seegert et al. (1985) evaluated a dataset used to derive draft WQC
for 21 priority pollutants. They noted that of the 421 toxicity tests used to derive
the criteria, 25% of the tests were on species from just 2 families, Salmonidae and
Daphnidae, and 40% of the tests were conducted using just 11 species. More re-
cently, Forbes and Calow (2002) evaluated how the composition of chronic SSDs for
11 substances (including Cd, Cu, and Zn) compared to real aquatic communities
with respect to the level of representation in each trophic level. They concluded that
these datasets were heavily biased toward over-representation of upper trophic levels
compared to real aquatic communities. A further sensitivity analysis in which they
re-sampled the distribution to artificially balance the SSDs with respect to trophic
representation led them to conclude that this misrepresentation could lead to
over- or under-protection depending on the substance evaluated (Forbes and Calow
2002).

As shown by Forbes and Calow, the importance of these biases in deriving WQC
and conducting risk assessments can only be understood if the relative sensitivities
of different taxonomic groups to a substance are also understood. Over the past
15 years, a considerable amount of additional toxicity testing has occurred that
should improve the representativeness of the toxicity datasets used to derive WQC.
Toxicity datasets for metals are particularly large and so should provide best-case
scenarios regarding the composition and richness of toxicity datasets. The purpose
of our analysis was threefold—first, to quantitatively characterize the relative sensi-
tivity of different freshwater taxonomic groups to metals; second, to characterize the
composition and richness of toxicity datasets for metals by comparing them to the
composition and richness in several aquatic ecosystems across the United States; and
third, to evaluate any biases in composition in the context of the relative sensitivity
of various taxonomic groups to metals.

METHODS AND MATERIALS

Datasets

To accomplish these objectives, both acute and chronic toxicity datasets for Cd,
Cu, Pb, Ni, and Zn were used. The datasets were compiled by searching a variety
of online data sources and existing data compilations such as the U.S. Environmen-
tal Protection Agency (USEPA) ambient water quality criteria documents (USEPA
1996). Data were evaluated for quality using the guidelines described in Stephan
et al. (1985).

For comparison to laboratory toxicity datasets, biological survey data on the com-
position and richness of six aquatic communities representing different ecoregions
across the United States were compiled. These sites consisted of four stream sys-
tems (lotic) and two lakes (lentic). They were selected because they are known to
have limited anthropogenic perturbations and thus represent “reference” condi-
tions. These six communities by no means provide a complete representation of
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aquatic communities in the United States, but do provide a relatively diverse range
of habitats and consequently aquatic communities.

The first lotic system, termed “Puget Sound Streams” consisted of approximately
40 second- to fifth-order streams in the Puget Sound Basin of the U.S. Pacific
Northwest. This basin is well known for its salmonid-dominant ecosystem. The pri-
mary data source for this site was Black and Silkey (1997). The second lotic system
was the St. Clair River, located in the U.S. Great Lakes region. The St. Clair River is
a 64 km? connecting channel that carries Lake Huron outflow into Lake Erie (flow
rate 5,200 m’s™"). Because of the relatively high quality of water in Lake Huron,
the river supports a diverse and productive biological community. The primary data
source for this site was Griffiths et al. (1991). The third lotic system was the Gila
River in Arizona. This slightly saline system is representative of the relatively low
species richness characteristic of the arid West ecoregion. Biological survey data for
this system were obtained from Camp Dresser & McKee (CDM 2000). The final lotic
system was Little Pigeon Creek in east Tennessee. This is a second- to third-order
stream located in the foothills of the Great Smoky Mountains and is characteristic of
streams in this region that have a high species richness (Abell et al. 2000). Biological
survey data from this site were obtained from the Oak Ridge National Laboratory
(ORNL 1999).

The first lentic system, Trout Lake, is a relatively small lake (1600 ha) located
in northern Wisconsin, with limited shoreline development. This lake has been
extensively studied as part of the North Temperate Lakes Long-Term Ecological
Research Project conducted by the University of Wisconsin. The primary data source
for Trout Lake is the university’s website on the project (http://limnosun.limnology.
wisc.edu/). The second lentic system, Lake Annie, is a 36 ha sinkhole in south central
Florida with no development. The primary data source for Lake Annie was Layne
(1979).

Data Analysis
Relative sensitivity of different taxonomic groups

To conduct the comparative analysis between toxicity datasets and natural aquatic
communities, it was first necessary to determine how best to categorize the data.
Brix et al. (2001) previously conducted such an assessment for acute and chronic
Cu toxicity data by evaluating the relative sensitivity of different organism groups,
using two different categorization schemes—phylogenetic and ecological/trophic
position. They concluded that a combination of these two schemes was optimal
for characterizing the sensitivity of different species groups. The specific groupings
they identified and also used in this study were cladocera, other crustacea, insects,
otherinvertebrates, coldwater fish, and warmwater fish. The other crustacea category
includes all crustacea except cladocerans whereas the other invertebrate category
includes all invertebrates that are not crustacea or insects.

Using these taxonomic groupings, acute and chronic toxicity data for each of
the metals were binned accordingly and the relatively sensitivity of the different
groups characterized. For acute datasets, this was accomplished by plotting sepa-
rate SSDs for each of the species groupings. Within a metal, statistical differences
between Genus Mean Acute Value (GMAYV) distributions for the taxonomic groups
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were tested using Levene’s test for homogeneity of variance and nonparametric
analysis of variance (ANOVA) for differences between the means. Nonparametric
assessment of differences between means was used because the distributions did not
have homogeneous variances, were not normally distributed, and so did not meet
the assumptions of conventional parametric analyses. To conduct the nonparamet-
ric analysis in a way that would allow for easy post-hoc multiple comparison of means,
the data were rankit transformed and then used in one-way ANOVA and subsequent
post-hoc multiple comparison tests with the software program SPSS (1999). To calcu-
late the rankit, the GMAVs for all taxonomic groups were first pooled and ranked
from low to high. Proportional ranks were calculated as k/(N-+1), where k is the
rank of the GMAV and N is the total number of GMAVs for a metal. The normal
scores of the proportional ranks, the rankit transformation (Conover 1999), were
then used in the analyses. The rankit transformation normalizes the data and makes
the variances homogeneous, allowing for a nonparametric statistical analysis to be
conducted using standard parametric statistical software. If the p value result from
the ANOVA was less than .05, differences between individual taxonomic groups were
then assessed using a least significant difference (LSD) multiple comparison test.
The LSD test evaluated all two-way pairs of distributions.

Because of the relatively small sample sizes for chronic datasets, we simply de-
termined minimum, maximum, and mean values for each taxonomic group—-metal
combination. Given the relatively small sample sizes overall, developing SSDs for
individual taxonomic groups and statistically testing for differences between groups
did not appear warranted.

Dataset richness

For each dataset (both field and toxicity), the phylogeny (phylum, class, order,
family, genus) of each of the species represented was determined. Comparisons were
limited to the genus level, as this is the lowest taxonomic level used by the USEPA to
derive WQC (Stephan et al. 1985). The richness (i.e., total number of taxa) of each
dataset was then characterized at the different taxonomic levels for comparison.

Dataset composition

Perhaps more important than the total number of genera represented in each
dataset is the composition of each dataset. To evaluate how representative the com-
position of toxicity datasets of natural aquatic communities are, an analysis was con-
ducted using the same datasets described earlier. For each dataset the genera were
divided into the same groupings used to characterize their relatively sensitivity (clado-
cera, other crustacea, insects, other invertebrates, coldwater fish, and warmwater

fish).

RESULTS

Relative Sensitivity of Different Taxonomic Groups

Evaluation of the acute toxicity datasets indicated that cladocerans were the most
sensitive taxonomic group for all the metals evaluated, with the exception of Cd
(Figure 1). Only in the case of Zn though, were cladocerans statistically significantly
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(c) lead, (d) nickel, (e) zinc. Taxonomic groups are not significantly
(p <.05) different if they share a common letter as indicated in the
figure legend. Small sample size precluded statistical analysis of lead.
(Continued)
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Figure 1. (Continued)

different (p <.05) from all other species groups (Figure 1). Warmwater fish, other
crustaceans and other invertebrates were consistently of intermediate sensitivity with
overlapping SSDs that were statistically similar for all metals (p > .05). Insects were
the least sensitive taxonomic group evaluated for all five metals, and in the case of Cu
were significantly less sensitive than all other species groups (Figure 1). Coldwater
fish had varying sensitivity, being the most sensitive (Cd), of intermediate sensitiv-
ity (Cu, Pb, Zn), or the least sensitive (comparable to insects for Ni) taxonomic
group.

It was difficult to evaluate the chronic toxicity data in terms of relative sensitivity
of different taxonomic groups due to the paucity of data. In general, cladocera
tended to be either the most sensitive or one of the most sensitive groups whereas
insects were again consistently the least sensitive group evaluated (Table 1). These
qualitative generalizations should be treated with great caution though given the
extremely small sample sizes and resulting lack of statistical analysis.
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Table 1. Summary of chronic values by metal and species group (ug metal/L).

Other Other Warmwater  Coldwater

Statistic Cladocera crustaceans Insects invertebrates fish fish
Cadmium

Mean 10.0 0.3 NA 12.7 12.6 5.5

Min 0.19 0.25 NA 4.8 5.3 2.4

Max 28.3 0.25 NA 20.5 22.5 8.1

n 3 1 NA 2 6 4
Copper

Mean 5.5 6.7 18 12 18 32

Min 5.5 6.7 18 12 5.6 13

Max 5.5 6.7 18 12 32 66

n 1 1 1 2 5 4
Lead

Mean 26 NA NA 6.9 NA 69

Min 26 NA NA 6.9 NA 39

Max 26 NA NA 6.9 NA 98

n 1 NA NA 1 NA 2
Nickel

Mean 9.1 19 283 NA 45 33

Min 3.6 19 120 NA 45 33

Max 15 19 445 NA 45 33

n 2 1 2 NA 1 1
Zinc

Mean 52 NA 7861 24 140 731

Min 52 NA 7861 24 41 543

Max 52 NA 7861 24 267 919

n 1 NA 1 1 3 2

NA = Not available.

Species Richness

The field datasets were comprised of 4 to 7 phyla, 6 to 14 classes, 16 to 36 orders,
39 to 84 families, and 59 to 202 genera. Lotic systems had a higher richness than
lentic systems, as would generally be expected given the greater diversity of habitats
that typically occur in lotic systems (Merritt and Cummins 1996). The exception to
this generalization was the Gila River in Arizona, which had relatively low richness
compared to other lotic systems (approximately one half). This is characteristic of
streams in the arid West where factors such as elevated water temperature and ionic
strength tend to reduce diversity (Abell et al. 2000).

The acute toxicity datasets included data for 4 to 6 phyla, 6 to 13 classes, 10 to
26 orders, 11 to 32 families, and 14 to 53 genera. The richness of Cd, Cu, and Zn
were roughly comparable whereas Niand Pb had considerably less diversity. As would
be expected, richness was considerably lower in the chronic datasets with only 2 to
4 phyla, 3 to 6 classes, 3 to 10 orders, 3 to 12 familes, and 4 to 16 genera represented.
For the chronic datasets, Cd and Cu were comparable in richness, followed by Ni
and Zn with comparable but lower richness, and Pb being the least rich.

1146 Hum. Ecol. Risk Assess. Vol. 11, No. 6, 2005
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Dataset Composition

Each of the acute, chronic, and natural aquatic community datasets were cate-
gorized using the same taxonomic groups used to characterize relative sensitivity.
The six natural aquatic communities show that there are distinct differences be-
tween lotic and lentic systems as would be expected. In Trout Lake, warmwater fish,
other invertebrates and insects each comprised one-quarter to one-third of the total
community composition, with the remaining species groups (coldwater fish, other
crustaceans, and cladocerans) collectively comprising approximately one quarter of

3% 2% 7%

T 2% 2% 4%

Figure 2. Composition of natural aquatic communities: (a) Lake Annie, (b) Trout
Lake, (c) Gila River, (d) Little Pigeon Creek, (e) Puget Sound Streams,
(f) St. Clair River. Genus used as the lowest common taxonomic level for
analysis. ©' Cladocera, M Other Crustaceans, Insects, # Other Inverte-
brates, Z Warmwater Fish, 1 Coldwater Fish.
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the total community (Figure 2). In contrast, Lake Annie was dominated by insects
that comprised two-thirds of all genera. Warmwater fish comprised one-quarter of
the total genera, with other crustaceans and other invertebrates collectively com-
prising about 6% of the total genera. Similar to results for species richness, species
composition in the Gila River was more similar to the lentic systems than to the other
lotic systems.

Three of the lotic systems were dominated by insects. This was particularly true for
Little Pigeon Creek and the Puget Sound Streams where insects comprised 87% and
79% of the total species composition (Figure 2), respectively. Other invertebrates
and other crustaceans collectively represented 30% of the species composition in
the St. Clair River but only comprised 3% and 5% of the species composition in
Little Pigeon Creek and Puget Sound Streams, respectively. Similarly, warmwater
fish comprised a relatively large percentage (23%) of the total species composition
in the St. Clair River, but a considerably lower percentage (9-13%) in the other two
systems. The Gila River had a taxonomic composition much more similar to Trout
Lake than the other three lotic systems. Finally, it is also important to note that in
the Puget Sound Streams dataset, which is one of the most “salmonid rich” systems
in the world, coldwater fish (including salmonids) only comprised 3% of the total
genera for the system.

The taxonomic compositions of the acute and chronic datasets are shown in
Figures 3 and 4. In the acute datasets, warmwater fish comprised roughly one third
(27-37%) and coldwater fish represented 8-15% of the total composition for each
metal. Insect and cladocera representation was generally low, ranging from 4-21%
and 7-14% of the total tested community, respectively. Combined, the other crus-
tacea and other invertebrate categories varied from 14-51% of the total community
for each metal. In the chronic datasets, coldwater fish and cladocera were much
more important groups relative to the acute datasets. Coldwater fish represented
11-50% and cladocera 7-29% of the tested community. Insect representation in the
chronic datasets was roughly comparable to the acute datasets, ranging from 0-29%.
The higher representation of coldwater fish and cladocera in the chronic datasets
resulted in corresponding reduction in representation for warmwater fish, other
crustaceans, and other invertebrates.

DISCUSSION
General

A number of observations can be made from this analysis. First, the acute datasets
had a comparable level of richness in terms of phyla, classes, and orders when com-
pared to the natural aquatic communities, but tend to have lower richness at the
family and genus levels. At the genus level, real aquatic communities had 1.1 to
3.8 times the richness of the richest acute toxicity dataset (Cd) and 4.2 to 14.4 times
the richness of the poorest acute toxicity dataset (Ni). In comparison, the chronic
datasets are considerably less rich than the example natural aquatic communities.
Even at the phylum level, the chronic toxicity datasets have only one-half to one-
quarter the richness of the natural aquatic communities. This disparity continues to
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28%

14% 14%

19%

23%

14% T

Figure 3. Composition of acute toxicity data sets: (a) cadmium, (b) copper,
(c) lead, (d) nickel, (e) zinc. Genus used as the lowest common tax-
onomic level for analysis. © Cladocera, M Other Crustaceans, Insects,

# Other Invertebrates, % Warmwater Fish, @ Coldwater Fish.

increase until the genus level, where real aquatic communities are richer than the
toxicity datasets by factors of 3.7 to 50.

Perhaps more important than absolute richness is the taxonomic composition of
the toxicity datasets compared with natural aquatic communities. Again, the acute
datasets are far more diverse and more closely approximate the composition real
aquatic communities compared with the chronic datasets. In general for the acute
datasets, insects are significantly under-represented, coldwater fish are significantly
overrepresented, and cladocerans are slightly over-represented. A similar pattern is
observed for the chronic datasets, but the degree of under-representation for insects
is less, whereas the degree of over-representation for coldwater fish and cladocerans
is greater. The better representation of insects in the chronic datasets does not
reflect more testing of insects, rather less testing of other species groups (e.g., other

Hum. Ecol. Risk Assess. Vol. 11, No. 6, 2005 1149
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1M% 9%

1%

%
26%

14%

34%

36%
C
25%
50%
25%
€
13%
24%
13%

Figure 4. Composition of chronic toxicity datasets: (a) cadmium, (b) copper,
(c) lead, (d) nickel, (e) zinc. Genus used as the lowest common tax-
onomic level for analysis. © Cladocera, M Other Crustaceans, Insects,
# Other Invertebrates, = Warmwater Fish, B Coldwater Fish.

invertebrates and other crustaceans) such that the few tests with insects represent a
greater fraction of the total tested community. The greater overrepresentation for
coldwater fish and cladocerans in the chronic datasets is a result of the same process,
less testing of other invertebrates and other crustaceans.

The impact of these biases in taxonomic composition in the toxicity datasets on
derivation of WQC and SSDs is worth consideration. The primary manner in which
these biases might affect WQC and SSD derivation is if one or more of the groups is
consistently sensitive or insensitive to metals relative to other species groups tested.
If this were the case, under- or over-representation of the species group could result
in under- or over-protection.
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Acute Datasets

For acute toxicity, trends in the relative sensitivity clearly demonstrate that in-
sects are consistently among the most insensitive groups tested (Figure 1). Under-
representation of this group therefore poses an interesting scenario in terms of WQC
derivation. Based on the available data, itis highly unlikely that under-representation
of insects has led to the exclusion of genera sensitive near the WQC. To the contrary,
it is likely that insensitive genera have been excluded and under-represented. The
effect of this exclusion on WQC is expected to be minimal because of the way in
which WQC are calculated in the United States. Specifically, WQC are calculated
by evaluating the distribution of the four most sensitive genera and considering the
total number of genera tested (Stephan et al. 1985). Because it is not anticipated
that additional testing with insects would change the distribution of the four most
sensitive genera, this bias in representation could only affect the total number of
genera tested. Although the total number of genera tested can strongly influence
WQC, it becomes considerably less important for large datasets such as the acute
datasets for metals. For example, using the acute Cu dataset assembled for this study,
a Criterion Maximum Concentration (CMC) of 7.8 ug/L at a hardness of 50 mg/L
is estimated. If 30 additional insect genera were tested for acute Cu toxicity and as
expected none of them were in the four most sensitive genera tested, the CMC would
only increase to 10.8 ug/L Cu.

In contrast to the WQC assessment, when the entire SSD is considered as in prob-
abilistic risk assessment, the under-representation of insects does potentially have
some impact. Note, when we discuss probabilistic risk assessment we are referring
to full use of the SSD and not probabilistic derivation of an HC5 (e.g., hazard con-
centration for the 5th percentile taxa in an SSD) (Aldenberg and Slob 1993), which
is then used in a hazard quotient calculation. To evaluate this scenario, we fit a
distribution to the available GMAVs for insects and sampled from this distribution
30 times with replacement to artificially increase the representation of insects in the
overall dataset. A comparison of the original SSD with the SSD including the 30 ad-
ditional simulated insect GMAVs shows a significant shifting of the expanded SSD to
the right (Figure 5a). Even in the low part of the distribution, inclusion of the addi-
tional insect data has a significant impact that could influence risk estimation results
in moderately contaminated areas (Figure 5b). Hence, the under-representation of
insects presents a conservative assessment of potential risks.

The effect of over-representation of coldwater fish, in particular salmonids, on the
acute WQC for metals is variable. For Cd, where salmonid genera represent three of
the four most sensitive taxa tested, the effect is potentially significant. For Cu, only 1
salmonid taxa is within the 4 most sensitive taxa whereas for the other three metals,
salmonids are of intermediate sensitivity and so no effect on the WQC is anticipated.
Specific to Cd, one might conclude that this over-representation of very sensitive taxa
would lead to over-protection. However, we believe this is not the case. The presence
of the three salmonid taxa tested with Cd (Salmo, Salvelinus, and Oncorhynchus) in a
natural aquatic system is not particularly unusual and certainly occurs in the Puget
Sound Streams system we evaluated. The reason for their over-representation in the
metal datasets is not the result of testing too many salmonid taxa, but the lack of test-
ing (e.g., underrepresentation) of other taxa. Hence, following the earlier example
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with insects, if the dataset composition was appropriately balanced by testing more of
the under-represented groups, the reduced percentage of salmonids present would
likely still represent the most sensitive genera and there would be the same general
changes in the WQC and SSDs observed when discussing the under-representation
of insects.

Cladocera were over-represented relative to some systems (Puget Sound Streams,
Little Pigeon Creek, St. Clair River, Lake Annie), but representative of other sys-
tems (Trout Lake, Gila River). For the systems where they were over-represented,
cladocerans do not occur at all. It is worth noting that although cladocerans are typ-
ically associated with lentic systems, this is not always the case (e.g., Gila River). The
issue of sensitivity is important because cladocerans are the most acutely sensitive
taxonomic group for all of the metals except Cd, where they are the second most
sensitive. Hence, for aquatic systems where they do not occur, criteria may indeed be
over-protective. Using the full datasets compiled for this evaluation, estimated CMCs
were 1.3, 7.8, 15.9, 40.7, and 80.5 ug/L for Cd, Cu, Pb, Ni, and Zn, respectively. Ex-
cluding cladocera from the datasets for each metal would resultin CMCs of 1.3, 13.0,
46.8,97.3, and 165.5 ug/L for Cd, Cu, Pb, Ni, and Zn, respectively. Hence, with the
exception of Cd, excluding cladocera from the acute datasets increases the CMCs
by a factor of 2 to 3 for each metal. As would be expected, removal of cladocera
from SSDs for risk assessment purposes would have a relatively minor effect on the
overall SSD (Figure 5c for example with Cu), but an effect roughly comparable to
that observed for WQC on the lower decile of the distribution (Figure 5d).

Although removal of cladocera from the datasets is an interesting intellectual
exercise, in the regulatory arena there has been considerable reluctance to selectively
remove taxa that do not occur at a site from toxicity datasets and recalculate criteria
accordingly. The philosophy has been that the toxicity datasets are intended to
represent natural aquatic communities and although particular taxa in the toxicity
dataset may not occur at a site, these taxa are representative (in terms of sensitivity)
of taxa that do occur at the site but have not been tested. The U.S. Environmental
Protection Agency (USEPA) does have a procedure for re-calculating AWQC based
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on the site-specific aquatic community (USEPA 1994). However, implementation
of this procedure is often met with considerable resistance at the State level where
anti-backsliding regulations frequently prevent such recalculations.

For the acute metal datasets (at least Cd, Cu, and Zn), the application of this
philosophy is becoming increasingly questionable. As we have shown, these specific
datasets are now generally comparable to natural aquatic communities in terms of
both richness and diversity. As a result, there is now a strong understanding of the
relative sensitivity of different taxonomic groups (see Figure 1). Further, studies
on the mechanisms of metal toxicity are progressing sufficiently to allow reliable
predictions of which taxa will be acutely sensitive to metals. For example, Grosell
et al. (2002) recently developed a mechanistic model to predict the acute sensitivity
of freshwater organisms to Ag and Cu as a function of Na turnover rate. Given the
state of the science, concerns regarding the presence of an untested, but sensitive
taxa are becoming increasingly unrealistic for acute metal toxicity. We suggest that
the acute Cd, Cu, and Zn datasets are now sufficiently robust to be adjusted with
confidence given proper consideration of site-specific or region-specific community
composition (e.g., removal of cladocera from the datasets when they do not occur
in a given system). The smaller acute datasets of Ni and Pb, however, may not be
sufficiently rich or diverse to allow for this type of adjustment.

Chronic Datasets

Unlike the earlier discussion for acute datasets, it is not possible to discuss po-
tential biases in the chronic datasets for several reasons. First, the relatively small
number of genera chronically tested makes it difficult to discern trends in relative
sensitivity for the different groups, such as insects, where only one or two genera may
have been tested for a given metal (Table 1). Second, we currently lack the mecha-
nistic understanding of what causes differences in chronic sensitivity to metals and
so cannot reliably predict the sensitivity of untested taxa. Third, the range in sensitiv-
ities for chronic toxicity data appears to be significantly less than the range observed
for acute toxicity. For example, for Cu the range in acute sensitivities spans nearly
four orders of magnitude whereas for chronic toxicity only one order of magnitude
(Brix et al. 2001). Hence, biases in the composition of the toxicity dataset should
have less of an impact on WQC or SSDs than might be observed for acute datasets.
This of course assumes that the range of chronic sensitivities has been reasonably
characterized by the limited testing to date.

Given these observations, a discussion of potential biases in the chronic toxicity
datasets would be highly speculative at this point. As a consequence, manipulation
of these datasets to reflect site-specific or region-specific community composition is
not recommended until considerably more chronic toxicity testing with a diverse
range of taxa has been undertaken.

CONCLUSIONS

There are no strict criteria by which to judge the extent of diversity thatis required
for a toxicity dataset to be considered adequate. Non-random selection of genera for
testing does introduce bias into the toxicity datasets as evidenced for lotic systems
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where insects dominate, but are infrequently tested in the laboratory. In general,
there is a need to ensure that species sensitivity is adequately assessed and sensitive
taxa are protected. Our review of the metal datasets did not indicate that major
groups of sensitive taxa have not been evaluated. Analysis of the composition and
richness of acute and chronic toxicity datasets for metals as compared to natural
aquatic communities leads us to conclude that the larger acute datasets (Cd, Cu, Zn)
are generally comparable to the richness of natural aquatic communities and have
a representative diversity although additional testing with insects would be useful.
Overall, acute WQC derived using these datasets should be relatively representative.
In contrast, the chronic datasets are typically an order of magnitude or more less rich
than natural aquatic communities and may have more significant biases in terms of
composition than the acute datasets. The implications of these biases are difficult
to assess given the limited understanding of trends in species sensitivity to chronic
metal exposure. Additional chronic toxicity testing with a greater diversity of species
is clearly needed.

Finally, we suggest that for the large acute metal datasets (Cd, Cu, Zn), the high
level of richness and diversity relative to natural aquatic communities and the strong
understanding (both descriptive and mechanistic) of relative sensitivity of different
taxonomic groups should allow for environmentally protective adjustment of these
datasets to better reflect site- or region-specific aquatic community composition.
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