
Sediment Toxicity Test Methods for the
Brittlestar Amphiodia urtica

The red brittlestar
Amphiodia urtica is one of

the most common benthic
invertebrates on the mainland
shelf off Southern California
(Jones 1969); abundances
range from 78/m2 to 1342/m2

(Thompson et al. 1994a).
The brittlestar occurs less
frequently, or not at all, in
contaminated sediments near
sewage outfalls (Word and
Mearns 1979).  The causes of
its reduced abundance are
unknown.  Consequently,
there has been a lot of inter-
est in developing sediment
toxicity tests for A. urtica for
experimental manipulations in
the laboratory.

This article reports on two
studies aimed at developing
A. urtica as a sediment toxic-
ity test organism.  The objec-
tives of the first study were
to: 1) determine how long
brittlestars could be held in
the laboratory, and 2) deter-
mine the optimum bioassay
exposure period.  Survival,
growth, and reproductive
status were measured to
judge culturing success.  The
objectives of the second
study were to: 1) determine
the effects of contaminated
sediments on growth and
survival, and 2) evaluate
growth, arm regeneration,
and calcium uptake as indica-
tors of sublethal stresses.

Materials and Methods

Animals for both experi-
ments were collected in 60 m
of water in northern Santa
Monica Bay (Environmental
Monitoring Division (EMD) of
the City of Los Angeles
benthic monitoring station C3)
with a van Veen grab.
Brittlestars were collected by
gently rinsing the sediment
through a 0.5 mm screen.

Long-Term Culture
Fifteen animals with oral

widths ranging from 0.75 to
1.69 mm were placed in each
of two chambers.  The cham-
bers were 21 cm x 11 cm
polypropylene food storage
boxes and contained 2 cm of
clean sediment from northern
Santa Monica Bay (EMD
benthic monitoring station
C3).  The chambers were
placed in a 12°C water bath
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and supplied with aerated
flowing seawater.  Tempera-
ture varied between 12° and
15°C during the experiment.
Each chamber received 0.045
g of ground Tetramin™ tablets
twice a week.

Brittlestars were screened
from the test chambers after
7, 12, 16, 26, 31, 39, 47,
52, 60, and 69 weeks.  The
animals were anesthetized
with MgCl2 and their oral
width and longest arm were
measured.  Oral width — the
distance across the mouth
between the outer edge of the
oral and arm plates (Lie 1968)
— was measured with an
ocular micrometer in a dis-
secting microscope.  Oral
width was a surrogate for
growth.  To assess maturity,
the color and relative size of
the gonad was recorded.
Fresh sediment was placed in
the chambers and the animals
were returned.

Sediment Exposure
Sediments were collected

by van Veen grab from north-
ern Santa Monica Bay (EMD
station C3), the Palos Verdes
Shelf (County Sanitation
Districts of Los Angeles
County benthic monitoring
station 7-3), and Los Angles
Harbor (East Turning Basin).
Sediments from northern
Santa Monica Bay station
were 69% sand, 2% clay,
and 0.5% total organic car-
bon (TOC) (City of Los Ange-
les 1991).  Sediments from
the Palos Verdes Shelf (28%

sand, 11% clay and 4.2%
TOC) and Los Angeles Harbor
(42% sand, 19% clay and
1.1% TOC) contain elevated
contaminant concentrations
and are toxic to other inverte-
brates (Anderson et al.
1988).  No contaminant or
sediment characterization was
done for this study.

The top 2 cm of sediment
from several grabs were
removed and stored in plastic
jars at 5°C.  Exposure cham-
bers were plastic 1 L tri-pour
beakers.  Each chamber con-
tained 2 cm of sediment and
about 700 ml of aerated
seawater replaced at 2-4 ml/
min.  There were eight repli-
cates for each sediment type.
Four replicates were used for
oral width change and cal-
cium uptake; they contained
five animals that had been
measured for oral width.  The
four remaining replicates were
used for arm regeneration and
contained five animals, each
of which had one arm severed
at the 10th segment.  Tem-
perature was maintained at
12°C during the 28-day
exposure.  Twice a week,
0.03 g of ground Tetramin™
tablets were added to each
beaker.

At the end of the regenera-
tion experiment, oral width
and length of the regenerated
arm were measured on each
animal.  Three animals of
different sizes were selected
for the calcium uptake experi-
ment and placed in beakers
containing 45Ca for 24 h.

Oral width was measured on
the remaining animals.  After
exposure to 45Ca, the soft
parts of the animals were
solubilized.  The hard parts
were then dissolved and the
radioactivity of the ossicles
was measured with a liquid
scintillation counter.

Differences in oral width
and calcium uptake between
reference and contaminated
stations were tested by analy-
sis of variance and Dunnett’s
multiple comparison test (Zar
1984).  Differences in arm
regeneration between refer-
ence and contaminated sta-
tions were tested by analysis
of covariance, with oral width
as the covariate, followed by
pairwise contrasts (Wilkinson
1990) .

Results

Long-Term culture
Survival of Amphiodia

urtica was 80% and 40% in
the two tubs.  Lower survival
in the second tub was caused
by technical problems affect-
ing the seawater and air deliv-
ery systems to that tub only.
Results presented here are for
the chamber with higher
survival.

The brittlestars grew and
matured during culture (Figure
1).  Changes in oral width
and arm length were most
rapid during the first 26
weeks; change in oral width
ranged from 0.011 to 0.025
mm/week and growth of arms
ranged from 1.1 to 1.9 mm/
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week.  After 26 weeks,
change in oral width ranged
from -0.008 to 0.013 mm/
week and growth of arms
ranged from -0.6 to 0.6 mm/
week.  The mean increase in
oral width for the entire ex-
periment (69 weeks) was
0.57 mm; oral width in sev-
eral animals exceeded 2.0
mm.  Over 90% of the survi-
vors had visible gonads by 39
weeks.  While the gonads
appeared to be mature, there
was no evidence of spawning.

Sediment Exposure
Brittlestar survival was not

affected in any of the sedi-
ment exposures.  Only two
animals for the entire experi-
ment were lost (one in a
control beaker and one in a
beaker containing Palos
Verdes sediment).  Oral width,
arm regeneration, and calcium

uptake were significantly
reduced among animals ex-
posed to Palos Verdes sedi-
ments (Table 1).  Oral width
and arm regeneration were
significantly reduced among
animals exposed to Los Ange-
les Harbor sediments.  Change
in oral width showed the
largest difference from the
control, followed by calcium
uptake, and arm regeneration.
Arm regeneration was the
most precise [mean coefficient
of variation (CV)=9%], fol-
lowed by oral width
(CV=55%), and calcium
uptake (CV=374%).

Discussion

Long-Term Culture
Survival of Amphiodia

urtica was high for 69 weeks
of laboratory culture.  The
reduction in growth rate after
26 weeks was probably due
to natural causes.  The largest
brittlestars in the long-term
culture were larger than any
A. urtica collected thus far
from the field (Thompson
1994b).  As the animals
approach maximum size, the
growth rate is expected to
decrease.  As the animals
grow, increased expenditures
of energy for reproductive
development divert energy
away from growth.  In the
experiment, gonad tissues
were increasing in size while
growth rates were declining.
The reductions in growth of
arms near the end of the
study may have been due to
handling.  As the length of the
arms increased, it became
more difficult to handle them
without breaking off the frag-
ile tips.

In this and subsequent
long-term experiments with A.
urtica, survival and growth
were occasionally poor and
mortality increased noticeably
after 6-8 weeks.  Renewing
the sediment every 4-6 weeks
reduced the mortality and
improved the health of the
cultured brittlestars.  Higher
mortalities as holding time
increased may have been
related to degradation of
sediment quality in the test
chambers over time.

Figure 1.
Results of the long-term culture test with Amphiodia urtica.  Data
are mean ±1 standard error for animals in one chamber (n=15 at
the starting and n=12 at the end).  Arm length was the length of
the longest arm.  Percent maturity was the proportion of animals
with mature gonads based on a visual examination of gonad size
and color.
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Sediment Exposure
Sediments from the Palos

Verdes Shelf have been col-
lected and tested with marine
organisms in the laboratory for
several years.  Growth in
amphipods (Grandidierella
japonica) exposed to this
sediment was reduced 68%;
growth in sea urchins
(Lytechinus pictus) was re-
duced 57% (Anderson et al.
1988); and growth was not
affected in shrimp (Sicyonia
ingentis; SCCWRP 1988)
(Figure 2).  The growth re-
sponse of Amphiodia urtica —
84% reduction — was one of
the most sensitive sublethal
measures of sediment quality
for sediments from PV 7-3.

Exposure of brittlestars to
sediment from inner Los
Angeles Harbor caused signifi-
cant reductions in growth in
A. urtica.  In previous tests
with these sediments, the
growth of sea urchins and

                                    ORAL WIDTH CHANGE    ARM REGENERATION           CA UPTAKE
STATION               (mm/28 days)                 (mm/27 days)             (DPM/mg ossicles)

Santa Monica Bay 0 . 1 9 (0.08) 7 . 2 (0.05) 1 1 7 (59)
Los Angeles Harbor 0 . 0 1 * (0.07) 4 . 6 * (0.6) 5 3 (33)
Palos Verdes Shelf 0 . 0 3 * (0.09) 5 . 2 * (0.3) 4 7 * (26)

Table 1.
Responses of the brittlestar Amphiodia urtica to sediments from northern Santa Monica Bay (Hyperion
station C3=reference), Palos Verdes Shelf (County Sanitation Districts of Los Angeles County station 7-
3), and Los Angeles Harbor (East Turning Basin).  Data are means of four replicates and one standard
deviation.  Means with an asterisk (*) are significantly different from the reference site (p0.05).

Figure 2.
Responses of invertebrates to sediments from the Palos Verdes
Shelf (County Sanitation Districts of Los Angeles County monitoring
station 7-3).  Data are expressed as percent of reference sediment
exposure.  Testing was done by several laboratories with samples
collected over 5 years:  Rhepoxynius abronius (Ferraro et al. 1991);
Sicyonia ingentis (SCCWRP 1988); Lytechinus pictus and Grandidierella
japonica (Anderson et al.  1988).
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amphipods was not affected;
however, amphipod survival
was reduced (Anderson et al.
1988) .

Amphiodia urtica is usually
not found at Palos Verdes
station 7-3 and is not ex-
pected to occur at the shal-
low station in Los Angeles
Harbor.  However, depth and
grain size characteristics at
PV7-3 were within the ranges
tolerated by A. urtica.  The
PV7-3 sediment was not
acutely toxic to adults, but
caused strong sublethal ef-
fects that may prevent the
sediments from supporting a
healthy population of A.
urtica.  Additional studies with
more stations and sublethal
biological indi cators (e.g.,
reproduction, juvenile growth,
and larval settlement) are
needed before the relation
between sediment contamina-
tion and A. urtica population
abundance can be explained.

Calcium uptake was a
sensitive sublethal endpoint
that was comparable to the
results of the growth and
regeneration tests, at least for
sediments from PV7-3.  While
sufficiently sensitive, it was a
difficult and time consuming
procedure.  It may be a good
choice when a shorter expo-
sure period is necessary.

Variability of the oral-width
measurements was quite
high.  Subsequent experi-
ments have produced lower
variability (CV=89%) and
precision can be further in-
creased by measuring under
higher magnification or using

a computerized image analysis
system to make the measure-
ments .

Conclusions

Amphiodia urtica was a
good sediment toxicity test
subject; it was relatively easy
to collect in the field and hold
for long periods in the labora-
tory.  This study provided the
first laboratory evidence that
A. urtica was sensitive to
contaminated sediments.
While survival was not a
sensitive endpoint, growth
(oral width) and arm regenera-
tion were easily measured,
sublethal indicators as sensi-
tive as indicators currently
used in sediment tests with
other marine invertebrates.
Amphiodia urtica is a sensi-
tive, ecologically important
species from the coastal
waters off Southern Califor-
nia.  Additional studies are in
progress that focus on the
growth and reproduction of
adults and survival and
growth of juveniles.
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