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EFFECTS OF BAUXITE ON MARINE INVERTEBRATE POPULATIONS
IN DISCOVERY BAY, JAMAICA

CHELSEA L. WOOD AND CAYELAN C. CAREY

Abstract: Bauxite mining is an economically important industry in Jamaica, and bauxite is often pre-
sent in ecosystems in the vicinity of Jamaican mining facilities. This material contains heavy metal
contaminants including Al, Fe, Mn, Pb and Zn; however, the influence of bauxite contamination on
marine near-shore ecosystems in Jamaica has not been evaluated. Here we assess (1) whether abun-
dance of infaunal invertebrates differs among sites that may have different contamination levels, and
(2) whether bauxite can drive these differences. We sampled infaunal invertebrate communities of
three sites at different distances from the Kaiser Jamaica Bauxite Company, Discovery Bay, Jamaica
and found that abundance of infaunal invertebrates was lowest at the highest contamination site, and
highest at the lowest contamination site. We also experimentally exposed mysid and brine shrimp to
processed bauxite and sediments from these sites. Results from these experiments suggest that baux-
ite may increase mortality of mysid shrimp and may drive the differences in infaunal abundance ob-
served in the field. In addition to increasing invertebrate mortality, bauxite may have sub-lethal ef-
fects. The influence of this contaminant on the behavior, growth, reproduction, and other physiologi-
cal processes of marine organisms deserves further study because of its potentially harmful effects on

benthic marine communities.
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INTRODUCTION

Waste from the processing of alumi-
num oxide (i.e. bauxite tailings, or "red
sludge," and dust contaminated with Al,
Fe, Mn, Pb, and Zn) is often present in eco-
systems in the vicinity of bauxite mining
facilities (Pagano et al. 2002). Exposure to
bauxite reduces the abundance of freshwa-
(Fonesca 1998,
Fonesca and Esteves 1999, and Laal and de
Assis 2000). Bauxite also reduces the re-
productive potential of sea urchins, and

ter macroinvertebrates

may otherwise negatively affect marine in-
vertebrate communities (Pagano et al.
2002).

Bauxite dust from Kaiser Jamaica
Bauxite Company is deposited at Colum-

bus Park, Discovery Bay, Jamaica, by wind
and spillage during transfer of bauxite to
ships for transport (Quinn, pers. comm.).
We hypothesized that the deposition of
bauxite dust at Discovery Bay would have
negative impacts on infaunal assemblages.
We assumed that bauxite contamination
decreases with distance from the Kaiser
plant, and therefore predicted that there
would be greater infaunal colonization of
bristle brushes submerged at a site (i.e.
West Back Reef) 1 km away from the Kai-
ser Jamaica bauxite loading wharf than at
Columbus Park, due to decreased abun-
dance of infaunal invertebrates at Colum-
bus Park. We also expected that infaunal
colonization would be greater at a site 6
km from the loading wharf (i.e. Pear Tree
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Bottom) than at Columbus Park or West
Back Reef.

We hypothesized that marine inver-
tebrates experimentally exposed to bauxite
and bauxite-contaminated sediments
would have lower survivorship than inver-
tebrates exposed to uncontaminated sedi-
ments. We expected that mysids exposed
to bauxite would have the highest mortal-
ity, followed by those exposed to sediment
from Columbus Park, West Back Reef and
Pear Tree Bottom. We also predicted that
brine shrimp eggs exposed to these treat-
ments would show similar patterns in
hatching rate.

METHODS

We selected three sampling sites,
Columbus Park (CP), West Back Reef
(WBR), and Pear Tree Bottom (PTB), at dif-
ferent distances from the Kaiser Jamaica
bauxite loading wharf. CP, our contami-
nated site, was approximately 500 m from
the loading wharf; WBR, our intermediate
contamination site, is 1 km northwest of
the wharf; and PTB, our uncontaminated
site, is 6 km east of the wharf. On 3 March
2005, we laid a 10 m transect parallel to the
shore on fine-grained sediment and at a
depth of approximately 1 m at each site.
At five randomly-selected points along the
transect, we inverted a plastic container
over the sediment, pressed the lip of the
container 5 cm into the sediment, and
scooped that sediment into the container
We also collected
seawater from above the sediment at each
site. We homogenized the sediment sam-

(approximately 1.5 L).

Discovery Bay

ples within each site. Because particle
grain size can influence infaunal communi-
ties (Coull 1988), we wanted to ensure that
mean grain size was similar between sedi-
ment treatments. We therefore sieved the
homogenized sediment with
coarse mesh to remove large sediment
fragments and decrease the differences in
average grain size among treatments. All

mixtures

seawater collected was strained with a 153
pm mesh to remove zooplankton. Bauxite
was collected from outside the Kaiser Ja-
maica Bauxite Company.

We created five treatments for our
mysid and brine shrimp experiments: un-
contaminated (PTB sediment and PTB wa-
ter), intermediate contamination (WBR
sediment and WBR water), contaminated
(CP sediment and CP water), bauxite (pure
bauxite and PTB water), and a control (PTB
water and no sediment). We collected
mysids (genus Mysidium) for our experi-
ments from WBR on 5 March 2005. In the
mysid experiment, we filled plastic con-
tainers (approximately 2 L), excluding the
control, with a 1.5 cm layer of the appro-
priate sediment (approximately 250 mL)
and a 3.5 cm layer of the appropriate sea-
water (approximately 1 L).
was filled with a 5 cm layer of PTB sea-
There were two containers per
treatment and five treatments for 10 con-
We used pipets to add 30
mysids to each container at 1100 on 5
March 2005. For 108 h, two independent
observers counted the number of surviving
mysids every 12 h. These counts were av-

The control
water.

tainers total.

eraged for each container. We also made
observations of mysid behavior. We used
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one-way ANOVAs to compare mysid sur-
vivorship among treatments at 12 h, 36 h,
60h,and 96 h .

In the brine shrimp experiment, we
added a 1.5 cm layer of the appropriate
sediment (approximately 38 mL) and 3.5
cm layer of the appropriate seawater
(approximately 1 L) to each of five Nalgene
bottles. Each container was continuously
aerated with a bubbler and received lamp-
light for the duration of the experiment.
We added approximately 3 mL of dry
brine shrimp cysts (genus Artemia) to 10
mL of water, and added 2 mL of this mix-
ture to each treatment on 5 March 2005.
We counted the number of unhatched
eggs, dead individuals, and live individu-
als in a 2 mL subsample, 48 hours after the
addition of the cysts. A second replicate of
these treatments began on 8 March 2005
and ran for 48 h. We calculated the pro-
portion of live hatchlings to the total num-
ber of live hatchlings + eggs + dead hatch-
lings, and the proportion of dead hatch-
lings to the total number of live hatchlings
+ dead hatchlings. We used one-way
ANOVAs to compare the means of these
proportions among treatments.

For our invertebrate colonization
experiment, we attached bristle brushes to
bricks with cable ties and wire. We placed
four of these bricks at 2 m intervals along
the transects used for collecting sediment
at each site (i.e., PTB, WBR, and CP) on 4
March 2005. Bristle brush colonization is a
reasonable proxy for abundance of infau-
nal invertebrates (Iwamoto and Salant
2003). We retrieved the bristle brushes
from each site after 72 h and immediately

rinsed them in saltwater and freshwater to
completely defaunate them. We preserved
infauna in 10% formalin and counted and
identified all specimens to order. Total
abundance and individual taxa abun-
dances as a proportion of total abundance
were compared between the three sites
with one-way ANOVAs.

RESULTS

At 12 h, mysid survivorship differed
significantly among the five treatments (F =
7.55, df =4, 5, P = 0.02). More mysids had
died in the bauxite treatment than in the
PTB and control treatments (Tukey’s HSD
post-hoc test, o = 0.05, Fig. 1). Mysid survi-
vorship in the CP and WBR treatments did
not significantly differ from other treat-
ments. At 36 h, 60 h, and 96 h, there was
no significant difference in mysid survivor-
ship among treatments (F <1.84, df=4, 5, P
>0.26). We observed a lower activity level
and less swarming in the bauxite treat-
ments relative to other treatments.

We found no difference in the pro-
portion of live hatchlings in the total sam-
ple (ie., [# live hatchlings]/[# live hatch-
lings + # eggs + # dead hatchlings]) among
the treatments in the brine shrimp experi-
ment (F = 1.72, df =4, 5, P = 0.28). There
was also no difference in the proportion of
dead hatchlings in the number of animals
that had hatched (i.e., [# dead hatchlings]/
[# live hatchlings + # dead hatchlings])
among the treatments (F =0.27, df =4, 4, P
=0.88).

Abundance of infaunal inverte-
brates sampled from bristle brushes dif-
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Figure. 1. The number of surviving mysids after (a) 12 hours, (b) 36 hours, (c) 60 hours, and (d) 96 hours in the
five treatments: bauxite (pure bauxite), CP (high contamination sediment), WBR (intermediate contamination sedi-
ment), PTB (low contamination sediment), and control (no sediment, uncontaminated water). Error bars are + 1
SE. Letters above columns represent means that are significantly different at a = 0.05, Tukey’s HSD post-hoc test.

fered significantly among the three sam- The proportions of copepods, am-
pled sites (F = 11.81, df =2, 9, P = 0.003).  phipods, isopods, decapods, ostracods and
Abundances at PTB and WBR were greater  polychaetes were similar among the three
than abundance at CP (Fig. 2). sites (F <2.11, df =2, 9, P > 0.18). The pro-
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portion of gastropods was marginally
higher at PTB than CP or WBR (F = 4.01, df
=2,9, P=0.06). However, a Tukey’s HSD
post-hoc test found no significant differ-
ence in gastropod abundance among the
sites. The proportion of foramaniferans
was greater at PTB than at CP or WBR (F =
15.22,df=2,9, P =0.001).

DISCUSSION

Our results suggest that bauxite
contamination may negatively influence
marine invertebrate communities in Dis-
covery Bay, Jamaica. Though results from
our brine shrimp experiments did not sup-
port our hypothesis, data on mysid survi-
vorship suggest that bauxite may increase
the likelihood of death in exposed indi-
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Figure. 2. Total infaunal abundance in bristle
brushes at CP (contaminated site), WBR
(intermediate contamination), and PTB

(uncontaminated site) after 72 hours of colonization.
Error bars are = 1 SE. Letters above columns repre-
sent means that are significantly different at a =
0.05, Tukey’s HSD post-hoc test.

viduals. At 12 h, there were more surviv-
ing individuals in the control and low con-
tamination treatments (i.e.,, control and
PTB, respectively) than in the bauxite treat-
ment. As expected, survivorship for indi-
viduals in the high contamination treat-
ment (i.e., CP) was greater than that for in-
dividuals in the bauxite treatment and less
than that for individuals in the intermedi-
ate and low contamination treatments;
however, these relationships were not sig-
nificant.

At 36 h, 60 h, and 96 h, there was no
significant difference in mysid survivor-
ship among treatments; however, trends
were in the predicted directions. The low
and intermediate contamination sites (i.e.,
PTB and WBR) had higher survivorship
than the high contamination site (i.e., CP),
and the high contamination site had higher
survivorship than the bauxite treatment.
Given the low number of replicates (2)
within each treatment, it is reasonable to
conjecture that increasing replication might
increase the likelihood of detecting signifi-
cant differences among the treatments at
the various time steps.

Surprisingly, individuals in the con-
trol treatment had a similar mean survivor-
ship at 36, 60, and 96 h as individuals in
the high contamination and bauxite treat-
ments. The control treatment lacked sedi-
ment, and consequently may have also
lacked food. This may explain the high
rate of death in the control treatment rela-
tive to that in some of the other treatments,
The
bauxite treatment contained only bauxite
collected from the Kaiser Jamaica bauxite

all of which contained sediment.
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processing facility, and consequently, most
likely also lacked food. Survivorship of
individuals in the bauxite treatment was
lower than that for individuals in the con-
trol treatment, though this relationship
This indicates that
there may be an effect of bauxite (i.e., toxic-
ity) on mysids, other than lack of food,
which caused greater mortality in this
treatment. This is further supported by the
significant difference in mortality between

was not significant.

the bauxite and control treatments at the 12
h time step. The results of the mysid ex-
periment provided some support to our
prediction that survivorship would de-
pend on the level of bauxite contamination
in a treatment, and suggests that bauxite
may negatively affect marine invertebrates.

Data from our study of invertebrate
colonization rates at the three sites agree
with our predictions and the results of our
mysid experiments. We found fewer in-
vertebrates in brushes collected from the
high contamination site, CP, than in those
from the intermediate and low contamina-
tion sites, WBR and PTB. There were more
invertebrates in brushes collected at the
low than intermediate contamination site,
although this difference was not signifi-
cant. Because bristle brush colonization is
a reasonable proxy for infaunal abundance
(Iwamoto and Salant 2003), these results
may suggest that the abundance of infau-
nal invertebrates in the field decreases with
increasing exposure to bauxite. We found
no significant differences in the proportion
of each taxa among the three sites, except a
greater abundance of foramaniferans at
PTB than at WBR or CP. No research of

Discovery Bay

which we are aware suggests that fora-
maniferans are especially sensitive to envi-
ronmental contaminants, and we therefore
conclude that the observed difference is
probably due to other site-specific factors.
While bauxite may reduce the abundance
of infauna, there is little evidence for an
effect of bauxite on infaunal community
composition.

The results of this study indicate
that (1) bauxite is potentially detrimental to
marine invertebrates, and (2) levels of
bauxite contamination in Discovery Bay
may be high enough to negatively influ-
ence invertebrate communities. Mortality,
however, is not likely to be the only effect
of bauxite contamination. Our observa-
tions of mysid behavior suggest that indi-
viduals exposed to bauxite are less active
and less likely to exhibit swarming behav-
ior. These effects could have important im-
plications for populations of mysids and
other marine invertebrates exposed to
bauxite in the field. Effects of bauxite on
behavior, growth, reproduction and other
physiological processes in marine inverte-
brates deserve further study.
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