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Acute toxicity largely reflects the salinity sensitivity of stream
macroinvertebrates derived using field distributions
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Abstract. Two types of salinity tolerance information are commonly used for assessing salinity risk to freshwater
organisms. These are data from laboratory experiments, usually acute (≤96-h LC50) values, and field distributions.
Both approaches have advantages and limitations, and their applicability to the formation of guidelines and assessment
of risks is not clear. In the present study, the acute lethal tolerances (72-h LC50) and acute tolerance scores (ATS) of 37
macroinvertebrate families from Queensland,Australia, were compared with maximum field conductivities and previously
derived salinity sensitivity scores (SSS). LC50 values were significantly correlated with maximal field conductivities and
SSS. To investigate this relationship further, the changes in community structure related to an increase in salinity were
assessed. A salinity index (SI) (based on cumulative SSS) and acute salinity index (ASI) (based on cumulative ATS) were
calculated using an independent data set from south-east Queensland (429 samples) and compared with each other and
actual conductivity levels. Both indices were significantly correlated with each other and followed a similar trend when
plotted against actual conductivity. These results support the notion that salinity sensitivity of macroinvertebrates derived
from acute toxicity experiments reflects sensitivities derived using field distributions. Definition of this relationship will
allow the two sources of salinity sensitivity to be combined in a weight-of-evidence approach, resulting in a more robust
data set with which to estimate safe salinity concentrations.
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Introduction

Salinisation of freshwater ecosystems is a considerable problem
in many parts of the world, including Australia. Macroinverte-
brates form a vital component of freshwater ecosystems, and
their protection requires appropriate management of salinity.
Probabilistic risk assessments can be used to determine safe
salinity concentrations but require knowledge of the salinity tol-
erance of macroinvertebrate communities to derive ecosystem
protection values.

Salinity tolerance information used in probabilistic risk
assessment has traditionally been derived in two ways: (i) by
correlating macroinvertebrate presence/absence or abundance at
sites of different salinities (Kangas and Geddes 1984; Williams
et al. 1991; Bunn and Davies 1992; Metzeling 1993; Kefford
1998; Leland and Fend 1998; Kay et al. 2001; Horrigan et al.
2005; Pinder et al. 2005) and (ii) laboratory ecotoxicologi-
cal experimentation where response(s), usually mortality, are
measured at a range of salinity concentrations (Goetsch and
Palmer 1997; Berezina 2003; Kefford et al. 2003, 2004b). Field

experiments are a third approach with which to measure the
salinity tolerance of freshwater biota, but are rarely undertaken
as they are difficult and expensive to complete successfully.
Each approach has advantages and disadvantages, but none of
them indicate the actual maximum salinity level at which viable
populations can be maintained in nature.

Correlative studies do not provide definitive evidence that
observed population changes are indeed caused by salinisation
because other factors (natural or anthropogenic) that can co-vary
with salinity could be the actual cause. The absence of a species
from a given site may be a result of physical barriers that prevent
successful colonisation, a restricted geographical range or a lack
of suitable habitat at higher salinity sites (Kefford et al. 2004a).
Aspects of water quality other than salinity and habitat may also
influence a species’ salinity tolerance, especially sub-lethally
(Zalizniak et al. 2006). Therefore, if a species is observed at a
single site with a particular salinity, the observed salinity at that
site may accurately infer its salinity tolerance at that site but may
not be relevant to sites with different characteristics. Factors that
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