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Summary Amphipods are a diverse and important group of invertebrates contributing to the
functioning of aquatic ecosystems. In spite of their variety, many species of amphipods share
important biological and ecological characteristics that make them suitable test organisms for
assessment of the ecological quality of estuarine and marine sediments. Their pertinence as test
organism includes ecological relevance, close association with sediments, sensitivity to environ-
mental contaminants, and amenability for culture and experimentation. Amphipod bioassays are
used to examine the effect of exposure to contaminants, as well as to assess whole sediment
quality, improve bioassay methods, develop more sensitive endpoints, and compare sensitivity
and utility of species in environmental quality assessment. This work reviews the developments in
this area of research over the last decades, focusing on European amphipods. The most often used
species, the type of bioassays and endpoints investigated, confounding factors influencing the
bioassays outcome, and the main applications of the bioassays have been presented. This review
also addresses some aspects of amphipod biology that are relevant for bioassay methods and
results analysis.
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1. Introduction

Benthic habitats represent significant compartments of
aquatic ecosystems, often negatively influenced by various
anthropogenic  activities including sediment contamina-
tion, especially in estuarine and marine areas (Chapman
et al., 2013). These environments support diverse commu-
nities and ecological functions of ecosystems, but the
presence of contaminants in sediments can negatively
impact their ecological balance and, indirectly, human
health (Burton, 1992). The significance of benthic habitats
in determining ecosystem's health status has been stressed
by the EU Marine Strategy Framework Directive (MSFD
2008/56/EC).

Amphipods, due to their habitat and lifestyle, are widely
used test organisms for assessment of marine and estuarine
sediment quality (Chapman et al., 1992, 2013; Postma
et al., 2002). Attributes that make amphipods highly sui-
table for this purpose include their habitat at or below the
sediment—water interface which ensures continuous expo-
sure to sediment contaminants. Most species are charac-
terized by sensitivity to contaminants, relatively broad
tolerance for a wide range of salinity, sediment particle
sizes and organic matter content, which facilitates tests
with a variety of sediment types. Ecological significance
(important links in coastal food chains) and wide geographic
distribution of some species allows for comparisons
throughout regions. They are relatively simple to collect
from the field, handle and maintain in laboratory condi-
tions. They can be cultured and show high survival rates
under laboratory conditions (Chapman et al., 2013; Conlan,
1994; Lourens et al., 1995; Stronkhorst, 2003). Amphipods
can be exposed to sediment contaminants through inter-
stitial and/or bottom waters, as well as through ingestion of
detritus/organic matter and a fine fraction of sediment. For
sediment quality assessment, both infaunal and epibenthic
amphipods e.g., Corophium spp. and Gammarus spp., have
been recommended and used (Casado-Martinez et al.,
2007; Chapman and Wang, 2001; Costa et al., 2005; Kunz
et al., 2010; Macken et al., 2008; Van Den Brink and Kater,
2006). Burrowing species (such as Corophium spp.) are
considered particularly good bioindicators as they are
directly exposed to harmful substances through gills and
body surface absorption and due to ingestion of fine sedi-
ment particles (Burton, 1992).

The use of amphipods for sediment toxicity testing was
firstly developed in North America in the 1970s (Burton,
1992). In the 1990s amphipod bioassays became increasingly
important in regulation and sediment assessment in North
America, less so in Europe since only a few such bioassays had
been then developed for European species (Chapman et al.,
1992). Since that time the research advanced in this area,
and a number of guidelines and numerous papers have been
published worldwide (Table 1). Generally, the sediment toxi-
city testing can be performed with relatively simple bioas-
says, however, for in-depth assessment of sediment quality, it
is recommended that the assessment includes also sediment
chemistry and in situ benthic community structure which
comprises the so-called sediment quality triad (Chapman,
1990; Chapman and Wang, 2001). The bioassays advantage is
that they integrate the interactive effects of the complex
contaminant mixtures present in sediments providing an

integrative measure of contaminant-induced biological
effects (ASTM, 1991).

Burrowing amphipods recommended and used in marine or
estuarine sediment toxicity studies in North America include
Ampelisca abdita, Corophium volutator, Rhepoxynius abro-
nius, Eohaustorius washingtonianus, Eohaustorius estuarius,
Amphiporeia virginiana, Foxiphalus xiximeus, Leptocheirus
pinguis (Anderson et al., 2007; Chapman et al., 1992; Envir-
onment Canada, 1992; Fay et al., 2000; Meador et al., 1993;
Nipper et al., 2002). In Europe, the Corophium genus has
been recommended by ICES as a standard species for marine
and estuarine sediment toxicity testing (Roddie and Thain,
2001). It has been also used for regulatory purposes for
testing chemical products that are liable to accumulation
in sediments (Cesnaitis et al., 2014). OSPAR (2006) indicated
C. volutator for testing chemicals used in the offshore oil
industry. Although recommended, C. volutator is not com-
mon in Southern Europe, and locally available Corophiidae
species have been proposed as alternatives, such as Coro-
phium orientale, Corophium arenarium, Corophium multi-
setosum or Monocorophium insidiosum (OSPAR, 2006, 2013;
Prato et al., 2010; SETAC-Europe, 1993). Various species of
the Corophium genus as well as representatives of other
genera such as Gammarus and Ampelisca, depending on their
natural occurrence, availability, and existing methodologies,
have been used in studies of sediment quality (Table 1). Some
amphipods, such as deposit-feeding benthic, keystone spe-
cies in the Baltic Sea, Monoporeia affinis and Pontoporeia
femorata, have been recommended by HELCOM and ICES
as indicators of reproductive effects associated with hazar-
dous substances in the marine environment (HELCOM, 2017;
Sundelin et al., 2008a).

As bioassays with amphipods are being increasingly
applied in the marine and estuarine environmental assess-
ment, reviewing the issues related to their application can be
of interest to scientists and consulting agencies involved in
this type of activity. The objective of this review was to
provide an update on developments in this area of research
during the last decades. The review presents the most often
used amphipod species with emphasis on European studies,
the type of bioassays employed, endpoints investigated,
confounding factors influencing the bioassays outcome
and species sensitivity, and the main applications of the
bioassays. Moreover, some aspects of amphipod biology
and ecology have been addressed.

2. Some aspects of amphipod biology and
ecology

Amphipoda (Crustacea, Malacostraca) constitute an impor-
tant biological group of marine, estuarine, and freshwater
aquatic ecosystems. They inhabit pelagic and benthic com-
partments exhibiting different life patterns, habitat prefer-
ences, and feeding ecology. Amphipods are herbivores,
detritivores or scavengers (grazing on algae), omnivores
or predators, and represent important links in aquatic food
chains. A number of amphipod species, considered as herbi-
vorous shredders, show a high diversity in food spectrum,
consuming various types of plant materials as well as inver-
tebrates. An example is Echinogammarus marinus which has
been shown to consume algae as well as hard-bodied isopods
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Table 1 Studies on estuarine and marine sediment quality using amphipod species.

Test species Objectives Test duration and investigated
endpoints

Investigated matrix (area) Applied guidelines Reference

Leptocheirus plumulosus Study of effects of sediment-
associated weathered slick oil.

28-d survival, growth,
reproduction

Whole sediment (Gulf of
Mexico, USA)

ASTM, 2008; USEPA, 2001a Lotufo et al., 2016

Echinogammarus marinus Assessment of the short-term
in situ assay.

48-h survival; 30-, 60-, 120-
min post-exposure feeding
rates

Whole sediment (the Minho
and Lima River estuaries,
Spain)

Short-term in situ
procedure was developed

Martinez-Haro
et al., 2016

Monocorophium insidiosumb Development of an evaluation
tool for sediment toxicity
detection

10-d survival Whole sediment (Taranto Gulf,
Italy)

ASTM, 1993a; ISO, 2001 Prato et al., 2015

Grandidierella bonnieroides Assessment of sediment
quality

10-d survival Whole sediment (Macaé River
Estuary, Brazil)

ASTM, 2008 Molisani et al.,
2013

Corophium volutator Study on burrowing activity as
endpoint.

10-d survival, burrowing Whole sediment, laboratory
culture (highly contaminated
harbor, Germany)

DIN EN ISO 16712, 2007 Siebeneicher
et al., 2013

Corophium orientale,
Monocorophium insidiosumb

Comparison of the sensitivity
of two amphipods.

10-d survival Whole sediment, two species
sensitivity comparison
(Livorno harbor, Italy)

ASTM, 1993a; ISO, 2001;
SETAC-Europe, 1993

Prato et al., 2010

Corophium multisetosum Comparison of the sensitivity
of laboratory-cultured and
field-collected amphipod.

10-d survival Whole sediment Casado-Martinez et al.,
2007

Menchaca et al.,
2010

Melita plumulosa Comparison of in situ and
laboratory tests results.

gametogenesis, fertilization,
and embryo development

Whole sediment Mann et al., 2009 Mann et al., 2010

Ampelisca abidita,
Leptocheirus plumulosus

Comparison of acute and
chronic toxicity methods.

10-d survival; 28-d survival,
growth, reproduction

Whole sediment (New York/
New Jersey Harbor)

USEPA, 2001a Kennedy et al.,
2009

Monocorophium insidiosumb,
Gammarus aequicauda

Comparison of response of the
species from different
evolutionary levels and
habitats.

10-d survival Whole sediment, three species
comparison (Ionian Sea,
Taranto, Italy)

ASTM, 1993b; SETAC-
Europe, 1993

Narracci et al.,
2009

Monocorophium insidiosumb Optimization of methodology
for a bioassay.

10-d survival Whole sediment ASTM, 1990, 1993a, 1997 Prato et al., 2008

Corophium multisetosum Assessment of performance of
the amphipod in toxicity
testing.

10-d survival Temperature, salinity,
cadmium, laboratory culture

ASTM, 1992, 2008 Ré et al., 2009

Corophium volutator Assessment of sediment with
use of a battery of multi-
trophic species and multiple
exposure phases.

10-d survival Whole sediment (Irish
estuaries)

ISO, 2004; RIKZ, 1999;
Roddie and Thain, 2001

Macken et al.,
2008

Corophium orientale Assessment of sensitivity and
applicability of an amphipod in
the bioassays.

96-h survival; 10-d survival Water-only and whole
sediment (Venice Lagoon)

Procedure was developed Picone et al., 2008
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Table 1 (Continued )

Test species Objectives Test duration and investigated
endpoints

Investigated matrix (area) Applied guidelines Reference

Corophium volutator,
Ampelisca brevicornis

Comparison of the sensitivity
of amphipods to dredged
sediments.

10-d survival, Whole sediment, two-species
comparison (Spanish harbor)

ASTM, 1991; USEPA, 1994 Casado-Martinez
et al., 2007

Corophium volutator Description of methods and
confounding factors in chronic
bioassay.

49-d survival, growth,
reproduction

Salinity, ammonium, nitrate,
oxygen, laboratory culture

ASTM, 1999; ISO, 2005;
Roddie and Thain, 2001;
USEPA, 2001a

Van Den Heuvel-
Greve et al., 2007

Corophium multisetosum Comprehensive estuarine
sediment toxicity survey with
acute and chronic assessment.

10-d survival; 21-d survival,
growth, fecundity

Whole sediment (Ria de Aveiro
estuary), laboratory cultures

Procedure was described Castro et al., 2006

Melita plumulosa Description of the chronic
sublethal sediment toxicity
bioassay.

10-d survival; 42-d survival,
reproduction,
bioaccumulation

Metal-spiked sediment, whole
sediments (Cockle Bay,
Warners Bay, Nords Wharf,
Australia)

Procedure for chronic
bioassay was developed

Gale et al., 2006

Corophium volutator Assessment of ammonium
toxicity in bioassays at high
pH.

10-d survival Ammonium toxicity in
bioassays

Procedure was described Kater et al., 2006

Leptocheirus plumulosus Effects of contaminated
harbor sediment in chronic
exposure.

42-d survival, growth,
reproduction, dry weight

whole sediment, laboratory
culture (Baltimore Harbor,
USA)

USEPA, 2001a,b Manyin and Rowe,
2006

Gammarus aequicauda,
Monocorophium insidiosumb

Evaluation of toxicity of
copper, cadmium and mercury
in 5 species.

10-d survival; 28-d survival,
growth

Whole sediment SETAC-Europe, 1993 Prato et al., 2006

Melita plumulosa Development of a culturing
procedures.

28-d survival, growth,
reproduction

Optimal conditions for
laboratory cultures

ASTM, 2003a, 2003b;
USEPA, 2001a

Hyne et al., 2005

Mandibulophoxus mai,
Monocorophium
acherusicum, Haustorioides
indivisus, Haustorioides
koreanus

Development bioassay
protocols for species native to
Korea.

10-d survival, behavior Whole sediment (Sihwa and
Onsan industrial complexes,
Korea)

ASTM, 1991; USEPA, 1994 Lee et al., 2005

Corophium colo Assessment and comparison of
the species sensitivity to
contaminated sediments.

10-d survival Whole sediment (Sydney
Harbour, Australia)

ASTM, 1998 McCready et al.,
2005

Gammarus locusta Assessment of moderately
toxic sediments in chronic
exposures with biochemical
endpoints.

28-d survival, reproductiona,
biochemical markers

Whole sediment (Sado and
Tagus estuaries, Portugal)

Procedure was described Neuparth et al.,
2005

Corophium volutator Study on the laboratory
cultures for sediment toxicity
testing.

71-d growth, reproduction Laboratory cultures,
fecundity, fertility,
temperature preference

USEPA, 2001a Peters and Ahlf,
2005
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Table 1 (Continued )

Test species Objectives Test duration and investigated
endpoints

Investigated matrix (area) Applied guidelines Reference

Gammarus aequicauda,
Microdeutopus gryllotalpa

Sensitivity of the marine
organisms in assessment of
sediments.

10-d survival Whole sediment, two-species
comparison (Portmán Bay,
Spain)

ASTM, 1997; USEPA, 1994 Cesar et al., 2004

Leptocheirus plumulosus Evaluation of the relationship
between laboratory and field
responses to contaminants.

10-d survival, 28-d survival,
growth, reproduction

Whole sediment (Baltimore
Harbour/Patapsco River
System)

USEPA, 1998 McGee et al., 2004

Corophium volutator,
Ampelisca brevicornis

Comparison of toxicity of
sediment contaminated with
mining spill to two species.

10-d survival Whole sediment (Bay of Cádiz,
Spain)

ASTM, 1993b Riba et al., 2003

Paracorophium excavatum Assessment of suitability of
the amphipod in sediment
toxicity assessment.

10-d survival, 28-d survival Whole sediment (Avon-
Heathcote Estuary)

Bat and Raffaelli, 1998 Marsden et al.,
2000

Corophium orientale Assessment of suitability of
the amphipods in harbor
toxicity assessment.

10-d survival Whole sediment (northern
Tyrrhenian Sea, Italy)

Ciarelli, 1994 Onorati et al.,
1999

Spiked-sediment exposures
Leptocheirus plumulosus Study on effects of long-term

exposure to copper on
survival, growth and
reproduction.

28-d survival, growth,
reproduction

Cu-spiked sediment USEPA, 2001a Ward et al., 2015

Monocorophium insidiosumb Assessment of toxicity of three
antiparasitic pesticides.

10-d survival Antiparasitic pesticides-
spiked sediment

USEPA, 1994 Tucca et al., 2014

Eohaustorius estuarius Comparison of the sensitivities
of toxicity test protocols.

10-d survival Chlorpyrifos, copper,
fluoranthene, permethrin,
bifenthrin, and cypermethrin-
spiked sediment

USEPA, 1994 Anderson et al.,
2008

Corophium volutator Development of a long-term
assay with polychaete and
amphipod.

10-d survival; 28-d survival,
growth,

Toxicity of Ivermectin; UK Roddie and Thain, 2001 Allen et al., 2007

Corophium volutator Development of chronic
toxicity test method.

28-d survival, growth,
reproduction

Crude oil-spiked sediment ASTM, 2000; USEPA,
2001a, 1994

Scarlett et al.,
2007

Corophium volutator Assessment of suitability of
the amphipod in sediment
biomonitoring.

behavioral responses Bioban pesticide-spiked
sediment

Procedure was described Kirkpatrick et al.,
2006

Melita plumulosa Evaluation of chronic toxicity
test.

10-d survival; 42-d survival,
reproduction,
bioaccumulation

Metal-spiked sediment, whole
sediment (Cockle Bay, Warners
Bay, Nords Wharf, Australia)

Procedure for chronic
bioassay was developed

Gale et al., 2006
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Table 1 (Continued )

Test species Objectives Test duration and investigated
endpoints

Investigated matrix (area) Applied guidelines Reference

Paracorophium excavatum Study on influence of the
sediment copper on the
amphipod reproduction.

28-d survival, growth Cu-spiked sediment Environment Canada, 1992 Marsden, 2002

Ampelisca abdita Evaluation of the ecological
significance of the laboratory
tests.

10-d survival, 70-d survival,
growth

Cd-spiked sediment ASTM, 1993c Kuhn et al., 2002

Ampelisca abdita Study on the feasibility of the
amphipod for sediment
toxicity tests.

10-d survival, avoidance 2,6-DNT-spiked sediment Procedure was described Nipper et al., 2002

Ampelisca abdita Determination of body
residues associated with acute
toxicity.

10-d survival Non-ionic organics-spiked
sediment

USEPA, 1994 Fay et al., 2000

Interlaboratory comparative studies
Corophium volutator,
Ampelisca brevicornis

Comparison of the sensitivity
of amphipods to dredged
materials.

10-d survival Whole sediment, inter-
laboratory, multispecies,
comparisons

ASTM, 1991; RIKZ, 1999;
SETAC-Europe, 1993;
USEPA, 1994

Casado-Martinez
et al., 2007

Eohaustorius estuarius Determination of
interlaboratory variability in
sediment toxicity tests.

10-d survival Whole sediment, inter-
laboratory comparisons

ASTM, 1992; USEPA, 1994 Bay et al., 2003

Corophium volutator,
Rhepoxynius abronius,
Bathyporeia sarsi

Identification of the most
useful sediment toxicity tests
for regulatory purposes and
general assessment.

10-d survival, reburial Whole sediment, inter-
laboratory comparisons

Procedure was described Chapman et al.,
1992

a Additional chronic endpoints: whole-body metal bioaccumulation, metallothionein induction, DNA strand breakage, and lipid peroxidation.
b Basionym: Corophium insidiosum.
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and soft-bodied oligochaetes (Dick et al., 2005; Navarro-
Barranco et al., 2013). Swimming species (e.g., Gammarus
spp.) and burrowing species (e.g., Corophium spp.) have
bodies compressed laterally and dorso-ventrally respec-
tively. Their sexual dimorphism and reproductive strategies
differ among species (Hyne, 2011). Generally, mature
females can be recognized by a brood pouch (marsupium)
with setae on the brood plates (oostegites; Fig. 1b). Ferti-
lization and development of eggs take place in marsupium.
Eggs hatch directly into a juvenile form and remain in the
brood pouch until the next female molt. The development of
embryos occurs concurrently with the maturation of a new
batch of oocytes in the ovaries in preparation for the next
spawning. There is a close link between moulting and
oogenic cycles i.e., the onset of molting is delayed until
the hatching and release of juveniles. This seems to facil-
itate the transfer of newly ovulated oocytes through the
oviducts into marsupium when the new exoskeleton is still
flexible. Mature males can be recognized by the presence of
genital papillae at the seventh thoracic segment at the

ventral side of a body (Fig. 1c). They are available for mating
during most of their molt cycle, while females are sexually
receptive for a short period during their moult cycle (Sut-
cliffe, 1992).

2.1. Biology and ecology of some relevant
amphipod species

Corophiidae family species (suborder Senticaudata), like C.
volutator, C. multisetosum, C. orientale, and M. insidiosum,
are well studied and commonly used in sediment quality
studies in Europe (Table 1). They are endobenthic, tube-
dwelling species, inhabiting littoral zones of brackish or
saline environment where they often occur in extremely high
densities (Beukema and Flach, 1995; Casado-Martinez et al.,
2007; Cunha et al., 2000a; Jażdżewski et al., 2005; Meadows,
1964). The corophioid amphipods exhibit three feeding
modes i.e., suspension feeding from a current generated
by the pleopods, deposit feeding by leaving the burrow

Figure 1 (a) Corophium volutator female and male; (b) Adult female — marsupium, clearly visible oostegites with developed setae
holding eggs; (c) Adult male, arrows point to genital papillae (photos made by W. Podlesińska during the study of C. volutator from the
Puck Bay).
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and scraping surface detritus and microorganisms into the
burrow with the second antennae, and epipsammic browsing,
where the microbial biofilm is scraped off individual sedi-
ment grains (Gerdol and Hughes, 1994; Lowry and Myers,
2003). Abiotic factors such as temperature, salinity, and
sediment texture play an important role in the distribution
of the species. C. volutator is a euryhaline species usually
living in silty areas, while C. multisetosum prefers oligoha-
line and mesohaline waters and seems to prefer sediments
with a smaller amount of fines and organic matter content
(Beukema and Flach, 1995; Meadows, 1964; Ré et al., 2009).
C. volutator, similarly to other Corophiidae species, is mostly
deposit-feeder whose source of nutrition is particulate mat-
ter, organic detritus, bacteria and diatoms (Nielsen and
Kofoed, 1982). It is an important prey for demersal fish
and invertebrates and it is also predated by shorebirds
(Wilson and Parker, 1996). It typically produces two genera-
tions per year, while European populations from colder,
northern zones normally produce only one generation (Cunha
et al., 2000a,b; Peters and Ahlf, 2005; Wilson and Parker,
1996). Adult individuals show distinct sexual dimorphism,
males in comparison to females have a considerably larger
second pair of antennae (Fig. 1a). Natural populations of C.
volutator have been shown to be dominated by females
throughout most of the year (Dobrzycka and Szaniawska,
1993; Drolet and Barbeau, 2012; Peters and Ahlf, 2005).
Guidelines for sediment toxicity testing using these species
have been developed, as well as procedures for organism
cultivation in laboratory conditions (Costa et al., 2005;
Peters and Ahlf, 2005; Ré et al., 2009; Siebeneicher et al.,
2013). Presence of polychaetes, like Nereis diversicolor or
Arenicola marina, was observed to be a limiting biotic
factor for the Corophium spp. occurrence. The worms can
influence amphipod density and zonation through predation,
sediment disturbance, and tubes damage. Resulting swim-
ming behavior increases the risk of predation (Beukema and
Flach, 1995; Cunha et al., 2000a, Podlesińska, unpublished
data).

Gammarus locusta (Linnaeus, 1758) belongs to the Gam-
maridae family (suborder Senticauda). In contrary to Coro-
phium spp., it is an epibenthic species. It is an established
test species for sediment toxicity assessment in the western
Europe marine areas of high salinity (Costa et al., 2005;
Neuparth et al., 2002). Similarly to Corophium spp., it shows
high sensitivity to a variety of contaminants and is easily
cultured and handled in laboratory conditions. G. locusta is
widely distributed along the North-East Atlantic from Norway
to the Mediterranean Sea. Its populations are more fre-
quently found in fully marine conditions, but the species
inhabits less saline estuarine waters as well (Costa and Costa,
2000). Living in coastal and estuarine areas, it inhabits rocky
substrates with seaweeds and sandy or muddy bottoms cov-
ered by Zostera spp. beds. Despite high affinity to marine
salinities, G. locusta has a great potential for physiological
adaptation. The majority of its life-history traits determined
at a salinity of 20 does not differ from those at 33 (Neuparth
et al., 2002). It is one of the main prey items for fish, birds,
and marine invertebrates, therefore it plays a significant role
in the energy flow in the ecosystem. Its life cycle and
reproductive activity in natural environments might differ
among geographical areas. In the Saldo estuary, the repro-
duction was reported to be continuous throughout the year

(Costa et al., 2005). G. locusta was found the least common
and least abundant species in a survey of malacostracan
crustacea of the Baltic Sea, characterized by a low salinity
(Jażdżewski et al., 2005).

M. affinis (Lindström, 1855) of the Pontoporeiidae family
(suborder Amphilochidea) is one of the Baltic Sea glacial
relicts. It is a deposit-feeder living in sub-thermocline soft
bottoms, sandy and muddy sediments, mostly within the
upper 5 cm sediment layer. It usually occurs in large densi-
ties, thus it is a significant element of the marine trophic
web. The species is mobile during the night and during the
day remains burrowed in sediment. Adult specimens are
tolerant of low oxygen concentration, in contrast to their
eggs and embryos. Males reach sexual maturity at the length
of 6 mm, females at 9 mm. After mating in the autumn and
bearing over the winter, the female gives birth to 20—40
juveniles, which only happens once during their lifespan of
2—4 years. The fecundity and population abundance of M.
affinis can be influenced by a number of environmental
factors including food shortage and limitation of essential
fatty acids and amino acids (Sundelin et al., 2008b). In the
Swedish National Marine Program, it is used as a sentinel
species to monitor fertility, impaired growth, survival of
juveniles, and embryo malformations as the key endpoints
(Löf et al., 2016).

3. Assessment of sediment quality using
bioassays with amphipods as test organisms

3.1. Exposure matrices

Sediment toxicity bioassays can be conducted using various
exposure matrix. Most often whole sediment exposures have
been applied, although pore (interstitial) waters, elutriates,
and extracts exposures have been used as well. In the whole
sediment exposures, the test organisms are subjected to all
exposure routes without major changes in the physicochem-
ical properties of sediments (Chapman and Wang, 2001).
Burton and Johnston indicated that laboratory sediment
exposures can produce artifacts leading to some differences
in exposures compared to in situ conditions (Burton and
Johnston, 2010). These artifacts can include changes in
redox, pH, sorption and complexation, microbial activity,
and food availability among others. Thus, bioassay guidelines
recommend that basic parameters such as water tempera-
ture, dissolved oxygen concentration, pH, ammonia, sali-
nity/conductivity, and nitrate levels are to be monitored
during the bioassays.

3.2. Acute versus chronic bioassays

There are two types of bioassays: acute, with exposure time
less than a full life cycle of the test organism, and chronic,
covering at least one full life cycle of the test organism
(Chapman, 1989). Acute bioassay usually does not differenti-
ate low or moderately contaminated sediments which in
natural environments occur more commonly than highly
contaminated (Picone et al., 2016; Van Den Heuvel-Greve
et al., 2007). In the chronic bioassays, in addition to survival,
measurements of more sensitive sublethal endpoints are
carried out. That allows extrapolating toxicological effects
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at a population level. A number of studies compared acute
and chronic exposures to evaluate their effectiveness in
sediment toxicity assessment. For example, Castro et al.
in the Ria de Aveiro estuary (Portugal) conducted 10-d and
full life-cycle (21-d) exposures of C. multisetosum to sedi-
ment samples from 144 and 56 sites, respectively (Castro
et al., 2006). The authors reported that the 10-d exposures
yielded high survival and showed almost no toxic areas. While
the chronic exposures also showed relatively good survival for
most of the sites, the endpoints related to organismal growth
and fecundity clearly depicted the more contaminated estu-
ary areas. McGee et al. presented a study of the Baltimore
Harbor/Patapsco River System (MD, USA) which involved 10-d
and 28-d exposures of the indigenous amphipod L. plumulo-
sus to sediment samples from 11 stations (McGee et al.,
2004). The study showed an overall good agreement in the
biological responses between the two types of exposures in
depicting spatial differences in sediment contamination.
Gale et al. (2006) performed a study of an estuarine amphi-
pod, Melita plumulosa, exposed to heavy metals spiked
sediments for 10 and 42 days. It was reported that survival,
gravidity, fertility, and length did not differ between the
short and long-term Cd-exposures. In the Cu-exposures,
there was a significant growth reduction after 42-d compared
to the 10-d exposure. Fertility was the most sensitive end-
point that distinguished the 10-d and 42-d exposures to
Cu- and Zn-spiked sediments. Kennedy et al. (2009) examined
the acute and chronic toxicity of the New York/New Jersey
harbor sediments collected from nine sites of varying con-
tamination levels to four invertebrate species with an overall
objective to compare the performance of the two tests. The
endpoint responses varied among the tests, from low to
moderate and high. The 25-d exposure of L. plumulosus
was the only chronic exposure that differentiated the sedi-
ments, and its endpoint magnitudes seemed to be related to
sediment chemistry. A study by Allen et al. (2007), designed
to develop a long-term sublethal sediment bioassay with C.
volutator, tested 10-d and 28-d exposures to Ivermectin-
spiked sediments. The study showed no significant difference
in the LC50 values between the exposure periods, indicating
that longer exposure period did not increase the amphipod
sensitivity.

Generally, chronic bioassays require greater effort and
time involvement than acute bioassays. Yet, they represent a
useful tool for risk assessment in more environmentally
realistic exposure scenarios, whereas acute bioassays are
useful for identifying highly contaminated sediments, or
assess an immediate effect of exposure to specific substances
or conditions. It can be assumed that the sublethal endpoints,
like growth and fertility, can illustrate sediment toxicity
more plainly, however, the response can be contaminant
and species-specific.

3.3. Toxicity endpoints

In the 10-d acute toxicity bioassays, survival is usually the
sole endpoint measured. However a post-exposure burrowing
ability in a uncontaminated sediment can be used as a more
sensitive sublethal endpoint, as was shown in an extensive
study of sediment toxicity from the Sydney Harbour and its
vicinity (Australia) with an indigenous amphipod, Corophium

colo (McCready et al., 2005). Similar findings were obtained
by Siebeneicher et al. (2013), who tested the burrowing of C.
volutator and proved that the burrowing activity depends
also, as one would expect, on size and gender. Bat et al.
(1998) investigating the accumulation of heavy metals, mor-
tality, and burrowing behavior of C. volutator, reported that
the metals affected the burrowing behavior in a dose-depen-
dent manner. Hellou et al. (2008) in a study of Halifax harbor
sediments (Canada) was able to relate the C. volutator
sediment avoidance response to PAH bioaccumulation level.
Behavioral responses most often pertain to avoidance and/or
reburial ability, yet, behavioural endpoints can include a
variety of activities (Hellou, 2011). De Backer et al. (2010)
reported nine different behavioral activities of the C. volu-
tator which can be applied to other tube-building amphipod
species. These were: surface inactivity, surface crawling,
swimming, scraping, flushing (removing the excess of grain
and feces with the pleopods movement that create the
water current in the tube), subsurface inactivity, ventilating
and filter feeding, subsurface walking, and bulldozing (push-
ing the sediment grains out of the burrow with pleon). A
short-term, novel sediment toxicity endpoint, has been
recently proposed by Martinez-Haro et al. (2016) where
post-exposure feeding inhibition was used as an endpoint
in a study with amphipod E. marinus. In 30-min bioassay that
measured E. marinus post-exposure feeding rates, clean and
contaminated sites of the Minho and Lima River estuaries
(Portuguese coast) could be discriminated. In general, beha-
vioral bioassays represent a whole organism response and are
valued for simplicity, as well as also their time- and cost-
efficiency.

Sublethal endpoints bear importance for prediction of
long-term effects and are ecologically more relevant (Costa
et al., 2005). These endpoints most often include growth
measurement (mg/individual/d; or length and dry weight)
and fecundity (number of neonates per female), sometimes
gravidity (presence of eggs in brood pouch) and other repro-
ductive traits (Allen et al., 2007; Gale et al., 2006; Kennedy
et al., 2009; McGee et al., 2004; Van Den Heuvel-Greve et al.,
2007; Ward et al., 2015). In a study of a chronic toxicity of the
Saldo and Tagus estuary sediments (Portuguese coast) to the
amphipod G. locusta, Costa et al. (2005) examined the
reproductive outcome in more details. The authors consid-
ered not only fecundity as an endpoint, but also sex ratio (the
exposure began with 2—4 mm juveniles), the size (diameter
and volume) and developmental stages of embryos. Further-
more, the same study included a number of biochemical
endpoints, i.e. metal bioaccumulation, metallothionein
induction, DNA strand breakage and lipid peroxidation (Neu-
parth et al., 2005).

Amphipod embryo malformation rate has been shown to
be a sensitive endpoint in the field studies (Löf et al., 2016;
Sundelin and Eriksson, 1998). In a study of M. affinis
females in the Bothnian Bay and the Bothnian Sea with
known pollution levels, apart from fecundity, Löf et al.
(2016) investigated developmental stage of embryos and
their aberrations which included malformed, membrane-
damaged, and undifferentiated embryos with development
arrested before gastrulation, as well as dead and partially
dead broods. Based on the percentage of females with each
type of embryo aberration, the authors found out that
different types of aberrations were related to elevated
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concentrations of specific contaminants in sediments.
There was a strong correlation between the embryo mal-
formation rate and distance from the source of pollution.
The frequency of amphipod embryo malformations has been
used in field studies which dealt with sediment quality
assessment in the Baltic Sea. Berezina et al. (2017) inves-
tigated this endpoint in the amphipod Gmelinoides fascia-
tus in the Neva River estuary (the eastern Gulf of Finland,
the Baltic Sea), whereas Strode et al. (2017) used M. affinis
in the Gulf of Riga (the Baltic Sea). As all amphipod species
show similar embryo development (despite differences in
sexual behavior and embryogenesis), the method for
embryo staging and malformations can be extended to
other species (Sundelin et al., 2008a). Further studies
regarding associations between groups of contaminants
and specific malformations are encouraged (HELCOM,
2017).

3.4. Confounding factors

In sediment toxicity bioassays there are several confounding
factors which can influence the measured endpoints. These
factors are related to the water physicochemical character-
istics, sediment geochemistry, and to the biology of test
organisms. Temperature, salinity, and oxygen saturation
are the basic factors modulating organismal responses. Some
studies point out also to toxicants which can be present in
sediments, but not always considered in the bioassays, i.e.,
ammonia (originating from anthropogenic discharges and
natural decomposition process) and sulfides, which are com-
mon in estuarine sediments (as reviewed by Chapman and
Wang, 2001; Neuparth et al., 2002; Postma et al., 2002; Van
Den Heuvel-Greve et al., 2007).

Temperature is one of the key factors influencing meta-
bolic and physiological processes including growth, reproduc-
tion, duration of the amphipod life cycle, and sensitivity to
contaminants (Cunha et al., 2000b; Prato et al., 2008; Ré
et al., 2009). An experimental study by Kater et al. (2008)
with Corophium spp. showed negligible growth rate at a low
temperature of 58C, noticeable at 108C, and an optimum at
158C which did not differ from that at 258C. A study involving
G. locusta reported that at 208C compared to 158C (reference
condition) there was an acceleration and condensation of the
species life cycle i.e., faster individual and population
growth, reduction in the lifespan, and shorter generation
time (Neuparth et al., 2002). Peters and Ahlf (2005) who
studied reproduction of C. volutator in laboratory conditions
at 15, 19 and 238C pointed out that the reproductive outcome
(number of offspring per female) was significantly better at
158C than 238C. Prato et al. (2008) reported reduced mor-
tality and sensitivity of Corophium insidiosum to contami-
nants at 108C and 158C compared to 208C and 258C, possibly
due to decreased oxygen consumption and energy expendi-
ture at lower temperatures. They suggested 15—208C as the
optimal temperature for bioassays with M. insidiosum.

Sediment grain size and organic matter content are two
variables that, depending on their nature, can not only
modify the availability of sediment-bound contaminants
but have an influence on the test organism as well. For
example, Costa et al. (2005) reported that G. lacusta had
better growth rates and reproductive traits when chronically

exposed to muddy sediments (9—11% of total volatile solids,
TVS) than to sandy ones (0.4% TVS). This positive effect was
attributed to a richer and more efficient diet provided by the
muddy sediments (Costa et al., 2005). Picone et al. (2008), in
an extensive evaluation of C. orientale as a bioindicator for
the Venice Lagoon, reported that sediment grain size and
organic carbon content (0.4—15%) were not influential fac-
tors for the 10-d mortality endpoint. As indicated by Burton,
(1992), the responses of organisms to test sediments (bioas-
say endpoints) can be affected by their life stage and health
condition, the acclimation to test conditions and exposure
duration, the route of contaminant uptake, and the mode of
toxicant action. Organisms that burrow freely in sediment
compared to tube-building and epibenthic species are more
directly exposed to contaminants present in interstitial
water and have greater direct contact with contaminated
particles, which results in their greater sensitivity. This has
been shown in a laboratory study with two amphipods, E.
estuaries (free-burrowing detritivore) and A. abdita (tube-
dwelling feeder) exposed to contaminant-spiked sediments
(Anderson et al., 2008) as well as in a field studies of
sediment toxicity in the San Francisco Estuary (Anderson
et al., 2007).

Biological factors that can influence bioassay endpoints
were the subjects of several studies, which involved an
exposure of amphipods to cadmium, zinc, and ammonia.
McGee et al. (1998) in a study of the acute toxicity of aqueous
cadmium to the estuarine amphipod Leptocheirus plumulo-
sus reported that size, reproductive status, and molting cycle
were significant factors influencing the sensitivity of indivi-
duals, which lead them to conclude that field-collected
animals might exhibit seasonal variation in sensitivity. This
aspect was further examined by Kater et al. (2000) in a study
of C. volutator exposed to cadmium in the context of their
origin (newly field-collected versus long-term laboratory-
held organisms), exposure media (natural versus artificial
seawater), body length, and percentage of gravid females.
Their study showed significant seasonal variation in sensitiv-
ity (lower in the winter than the summer period; expressed as
an LC50 value) irrespective of changes in the tested variables.
Although the reproductive cycle did not seem to be impor-
tant, it had been indicated that the sensitivity can be influ-
enced by the molting cycle. In a study which examined the
influence of life stage, gender, and a priori nutritional state
on the uptake of zinc and cadmium in E. marinus, it has been
shown that life stage and nutritional state were significant
factors for bioaccumulation of both metals, whereas only
cadmium bioaccumulation was gender-specific (Pastorinho
et al., 2009). Another study regarding the effect of season-
ality and body size on the sensitivity of Corophium urdai-
baiense and C. multisetosum found that the sensitivity
(greater during summer than winter) could be related to
reproduction as the percentage of gravid females was sig-
nificantly inversely related to the LC50 values (Pérez-Landa
et al., 2008).

3.5. The sensitivity of amphipods to reference
toxicants

Sediment toxicity bioassays are often accompanied by short-
term reference toxicity tests for quality assurance purposes.
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These are water-phase tests performed with a reference
toxicant in order to obtain an information on the health
condition of the test organisms and detect changes in species
sensitivity that can influence the bioassay results (Kater
et al., 2000). The outcome measured in these tests is mor-
tality upon which an LC50 value (a concentration that causes
50% mortality of the test organisms) is being calculated.
Commonly used and recommended reference toxicant for
this purpose is cadmium (Kater et al., 2000; Picone et al.,
2008; USEPA, 2001a,b).

The sensitivity of amphipods to cadmium and ammonia
(which can be toxic if present during bioassays), expressed as
LC50 values, is shown in Table 2. Some aspects of the sensi-
tivity were also raised in the 3.4 section in the context of
biological factors influencing bioassay results. As indicated by
the LC50 values, cadmium is generally more toxic than
ammonia (Kater et al., 2000, 2006; Pérez-Landa et al.,
2008). In a given species the sensitivity has been shown to
depend on its biological characteristics, among which the
organism size seems to be most important. Smaller speci-
mens are more sensitive than larger, as reported by McGee
et al. (1998) for L. plumulosus exposed to cadmium and by
Pérez-Landa et al. (2008) for C. urdaibaiense exposed to

ammonia (data not presented). The season is another factor
that influences the species sensitivity. Lower LC50 values for
cadmium and ammonia obtained in warmer months indicate
greater sensitivity in the summer period (Kater et al., 2000;
Pérez-Landa et al., 2008). Furthermore, some variation in
sensitivity can occur between laboratory-maintained and
freshly field-collected specimens (Kater et al., 2000; Mench-
aca et al., 2010; Ré et al., 2009), and between different field
populations (Onorati et al., 1999). Inter-species differences
in sensitivity to cadmium were examined by Prato et al.
(2010) in a study evaluating the suitability and applicability
of C. insidiosum and C. orientale for sediment toxicity testing
in southern Italy. This study showed that C. insidiosum was
significantly more sensitive to cadmium than C. orientale.

3.6. Guidelines and standard methods

Guidelines and standard methods are based on best practices
and support a unified approach to the sediment quality
assessment (Table 1). Commonly used guidelines and recom-
mendations are published by the International Organization
for Standardization (ISO), the American Society for Testing
and Materials (ASTM), the United States Environmental

Table 2 Sensitivity of amphipods to reference toxicants in water-only exposures.

Species Toxicant Organisms description,
time

LC50 range or
value (mg L�1)

Test duration,
temperature (8C)

References

Corophium volutator Cadmium f.c., l.c 1.3—10a
Kater et al., 2000

Corophium volutator Ammonia f.c. 12—86b
Kater et al., 2006

Corophium insidiosum Cadmium f.c., 2—4 mm 1.30 � 0.11 96-h, 16
Prato et al., 2010Corophium orientale Cadmium f.c., 2—4 mm 3.03 � 0.7 96-h, 16

Corophium multisetosum Cadmium f.c., Aug 2.40 72-h, 15
Menchaca et al., 2010Cadmium l.c., Aug 5.82 72-h, 15

Corophium multisetosum Cadmium l.c. 0.71 96-h, 15

Ré et al., 2009

Cadmium l.c. 0.47, 0.58 96-h, 15
Cadmium l.c. 0.23, 0.25 96-h, 18
Cadmium l.c. 0.27, 0.33 96-h, 22
Cadmium l.c 0.34 96-h, 22
Cadmium f.c. 0.31 96-h, 22

Corophium multisetosum Ammonia f.c., 4—7 mm, Sep 26 72-h, 15

Pérez-Landa et al., 2008
Ammonia f.c., 4—7 mm, Jan 115 72-h, 15
Cadmium f.c., 4—7 mm, Sep 0.63 72-h, 15
Cadmium f.c., 4—7 mm, Jan 31 72-h, 15

Corophium urdaibaiense Ammonia f.c., 4—7 mm, May 27 72-h, 15

Pérez-Landa et al., 2008

Ammonia f.c., 4—7 mm, Aug 61 72-h, 15
Ammonia f.c., 4—7 mm, Dec 110 72-h, 15
Cadmium f.c., 4—7 mm, Feb 2.28 72-h, 15
Cadmium f.c., 4—7 mm, Sep 0.88 72-h, 15

Corophium orientale Cadmium f.c. Ac, 2—5 mm, 4.28 � 1.35 96-h, 15
Onorati et al., 1999Cadmium f.c. Bc, 2—5 mm, 2.91 � 0.82 96-h, 15

Leptocheirus plumulosus Cadmium l.c., 500 mmd 0.35 96-h, 25

McGee et al., 1998Cadmium l.c., 710 mmd 0.65 96-h, 25
Cadmium l.c., 1000 mmd 0.88 96-h, 25

Ammonia refers to total ammonia; f.c. — field collected; l.c. — laboratory cultured.
a LC50 varied depending on month.
b LC50 varied depending on pH.
c Two field populations.
d Size sorted on nested 500-, 710-, and 1000 mm mesh sieves.
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Table 3 Multi-species set of bioassays (including Amphipods) used with other lines of evidence for assessment of estuarine and marine
sediments (selected studies).

Investigated lines of evidence Matrix

The Gulf of Riga, eastern Baltic Sea (Strode et al., 2017):
Amphipod response: 10-d survival bioassay with Corophium volutator, Monoporeia affinis, Pontogammarus
robustoides, Bathyporeia sarsia and Hyalella azteca

Whole sediment

Metal contaminants Whole sediment
Benthic macroinvertebrate community Whole sediment

Southern Baltic Sea (Dabrowska et al., 2017):
Amphipod response: 10-d survival bioassay with Monoporeia affinis, Bathyporeia sarsia and Pontogammarus
robustoides

Whole sediment

Organic and metal contaminants Whole sediment
Biomarkers and contaminants Mussels
Biomarkers and contaminants Fish

The Venice Lagoon (Picone et al., 2016):
Amphipod response: 10-d survival bioassay with Corophium volutator Whole sediment
Sea urchin response: sperm cell and embryo toxicity in Paracentrotus lividus Elutriates
Bivalve response: embryo toxicity in Crassostrea gigas Elutriates
Organic and metal contaminants Whole sediment

Spanish sea ports (Khosrovyan et al., 2015):
Amphipod response: 10-d survival bioassay with Corophium volutator and Ampelisca brevicornis Whole sediment
Polychaete response: 10-d survival bioassay with Arenicola marina Whole sediment
Bacteria response: contaminant accumulation and inhibition of luminescence in Vibrio fisheri Elutriates
Sea urchin response: egg fertilization and embryogenesis in Paracentrotus lividus Elutriates
Organic and metal contaminants Whole sediment

Grand Harbour, the Sicily Channel (Romeo et al., 2015):
Amphipod response: 10-d survival bioassay with Corophium orientale Whole sediment
Sea urchin response: embryo toxicity in Paracentrotus lividus Elutriates
Bacteria response: inhibition of luminescence in Vibrio fisheri Elutriates
Organic and metal contaminants Whole sediment
Benthic macroinvertebrate community Whole sediment

Santos-São Vicente Estuarine System, Brazil (Buruaem et al., 2013):
Amphipod response: 10-d survival bioassay with Tiburonella viscana Whole sediment
Sea urchin response: embryo malformations in Lytechinus variegatus Pore-water
Sea urchin response: embryo-larval development in Lytechinus variegatus Elutriates
Organic and metal contaminants Whole sediment
Benthic macroinvertebrate community Whole sediment

North eastern Baltic Sea (Berezina et al., 2013):
Amphipod response: 10-d survival bioassay with Monoporeia affinis, Gmelinoides fasciatus, Hyalella azteca Whole sediment
Benthic macroinvertebrate community Whole sediment

The Wadden Sea, The Netherlands (Van Den Brink and Kater, 2006):
Amphipod response: 10-d survival bioassay with Corophium volutator Whole sediment
Bivalve response: larval survival and deformations in Crassostrea gigas Elutriates
Sea urchin response: survival, and re-burrowing in Echinocardium cordatum Whole sediment
Bacteria response: inhibition of luminescence in Vibrio fisheri Sediment suspensions
Organic and metal contaminants Whole sediment

Dutch harbors (Stronkhorst, 2003):
Amphipod response: 10-d survival bioassay with Corophium volutator Whole sediment
Sea urchin response: 14-d survival and re-burrowing in Echinocardium cordatum Whole sediment
Bacteria response: inhibition of luminescence in Vibrio fisheri Sediment suspensions

a Originally described as Bathyporeia pilosa — now synonym of Bathyporeia sarsi.
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Protection Agency (USEPA), the Environment Canada, the
Convention for the Protection of the Marine Environment
of the North-East Atlantic (OSPAR Convention), the Interna-
tional Council for the Exploration of the Sea (ICES), the
National Oceanic and Atmospheric Administration (NOAA),
the Society of Environmental Toxicology and Chemistry
(SETAC) and the Helsinki Commission (HELCOM). The guide-
lines describe the optimal conditions to perform the bioas-
says for particular taxonomic groups or species. Amphipods to
be used in bioassays can be either field-collected from
uncontaminated sites or lab-cultured. Their availability from
the field varies depending on the geographical region, eco-
system dynamics, and seasonal variability in population den-
sity and distribution (Hyne et al., 2005). Field-collected
organisms, upon transferring to a laboratory, require an
acclimation period to allow them to adapt to experimental
conditions (temperature, food, salinity, light regime). A
possibility to culture amphipods for use in bioassays is an
advantage as the culture can provide organisms of similar age
that came from similar conditions all year long (Peters and
Ahlf, 2005). Yet, it requires a considerable knowledge of their
ecology, biology, feeding, and reproduction. Laboratory cul-
tures have been described and successfully performed with
C. volutator (Kater et al., 2008; Peters and Ahlf, 2005;
Siebeneicher et al., 2013; Van Den Heuvel-Greve et al.,
2007), C. multisetosum (Castro et al., 2006; Menchaca
et al., 2010; Ré et al., 2009), M. insidiosum (Nair and Anger,
1979), L. plumulosus (Manyin and Rowe, 2006) and M. plu-
mulosa (Hyne et al., 2005; Mann et al., 2010; Table 1).

3.7. Bioassays in an integrated sediment
assessment

Bioassays with amphipods are currently one of many lines of
evidence (LOE) in the assessment of marine and estuarine
sediments quality. Multi-species test batteries that include
organisms from different trophic levels in addition to resi-
dent benthic communities are recommended and used in a
number of studies (Table 3). For example, Khosrovyan et al.
(2015) assessed the quality of sediments in Spanish harbors
based on several different LOEs. These included a battery of
toxicity bioassays (10-d survival of C. volutator and Ampe-
lisca brevicornis; 10-d survival and contaminant accumula-
tion in A. marina; the Vibrio fisheri inhibition of
luminescence bioassay; and the Paracentrotus lividus
bioassay with reproductive effects as endpoints) which
were integrated with sediment organic and metal contami-
nants in a weight of evidence approach. According to Chap-
man (2007, 1990), a comprehensive sediment quality
studies should involve chemical, toxicological, and resident
benthic community structure, where sediment toxicity and
benthic community data represent key criteria for addres-
sing an association between stressors (contaminants) and
effects. Examples of comprehensive studies are those per-
formed by Buruaem et al. (2013) in the Santos-São Vicente
Estuarine System in Brazil, by Strode et al. (2017) regarding
the Gulf of Riga in the eastern Baltic Sea, and by Romeo
et al. (2015) in respect to the Malta's Grand Harbour in the
Sicily Channel. It has to be noted, however, that analysis of
resident benthic communities require a substantial load of

work and budget and are rarely included in the sediment
assessment studies.

4. Conclusions

Bioassays with amphipods represent useful tools for the
assessment of marine and estuarine environments. This
review shows that over several decades more than 20 amphi-
pod species have been used as test organisms. The Corophii-
dae amphipods have been most extensively employed for
sediment toxicity testing and other purposes in Europe, North
America and elsewhere, although the species used differ
among geographical regions due to their natural occurrence
and distribution. In Europe, most often used are C. volutator
and C. multisetosum, although C. orientale, M. insidiousm,
and other amphipod species have been considered in some
European areas where the former two species do not occur.
Bioassays employed for other purposes than environmental
quality studies include assessment of dredged material qual-
ity and bioavailability of contaminants accumulated in the
sediments, evaluation of the response of benthic organisms
to specific contaminants, comparison of the sensitivity of
different species to contaminants, and application for reg-
ulatory purposes.

Taking into consideration the exposure period, there are
two types of bioassays, short-term (acute) and chronic
(covering at least one full lifecycle), which are put into
practice depending on the bioassay objectives. In the
chronic bioassays, in addition to survival, more sensitive
sublethal endpoints are examined like organismal growth,
biochemical responses (e.g., bioaccumulation, physiologi-
cal changes), and reproductive traits (e.g., fertility or
fecundity). These measurements can reveal subtle biologi-
cal responses allowing for more in-depth assessment of
contaminant-elicited effects. Thus, although chronic bioas-
says require greater effort than acute bioassays, the expo-
sure duration and biological responses reflect more
realistically the environmental scenario. Worthy of note
are behavioral endpoints such as post-exposure burial ability
or feeding rate of sediment-dwelling amphipods, which can
enhance the sensitivity of bioassays to discern negative
effects.

Both abiotic and biological factors play an important role
in the bioassays as they can influence the organisms' sensi-
tivity (thus, the bioassay outcome) and hamper the inter-
pretation of the results. These factors include the age/size of
the species, molting stage, collection season, origin of the
organisms, water temperature, salinity, pH, and photoper-
iod. They have to be taken into consideration when designing
a bioassay.
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