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Abstract
Parasites are widespread in natural environments, and their impacts on the fitness of their host and, at a broader scale, on
ecosystem functioning are well recognized. Over the last two decades, there has been an increasing interest in the effects of
parasites in conjunction with other stressors, especially pollutants, on the health of organisms. For instance, parasites can interfere
with the bioaccumulation process of contaminants in their host leading to parasitized organisms exhibiting lower pollutants
burdens than unparasitized individuals for example. However, the mechanisms underlying these patterns are not well understood.
This study examined how the bopyrid parasite Gyge branchialis could lower the cadmium (Cd) uptake of its mud shrimp host
Upogebia cf. pusilla. When exposed to water-borne Cd, parasites were able to bioaccumulate this trace metal. However, the
uptake of Cd by the parasite was low and cannot entirely explain the deficit of Cd contamination of the host. The weight of gills of
parasitized organisms was significantly reduced compared with unparasitized organisms.We suggest that by reducing the surface
for metal uptake, parasites could lower the contaminant burden of their host.
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Introduction

Increasing human population densities and associated activi-
ties have led to the release of important contaminants in aquat-
ic environments, leading to high levels of contamination lo-
cally (Tueros et al. 2009; Pan and Wang 2012). These pollut-
ants are of major concern because some have strong deleteri-
ous impacts on the health of organisms (e.g., Felten et al.
2008; Al Kaddissi et al. 2014).

Living organisms are naturally exposed to a broad variety
of stressors, which can have cumulative effects on their fit-
ness. In particular, the process of contaminant bioaccumula-
tion, as well as the effects of contaminants on organisms,
depend on several other environmental parameters (see

Holmstrup et al. 2010 for a review). Amongst these factors,
the influence of parasites in contaminant bioaccumulation is
now well recognized (Sures and Siddall 1999; Coors and De
Meester 2008; Paul-Pont et al. 2010). By definition, parasites
benefit from their host and are harmful to them. In a contam-
ination context, parasites can further negatively impact their
host through enhancing their sensitivity to pollutants
(Baudrimont and de Montaudouin 2007; Coors and De
Meester 2008). In contrast, parasites have also been shown
to reduce the contaminant burden of their host (Sures and
Siddall 1999; Evans et al. 2001; Paul-Pont et al. 2010). The
mechanisms underlying this pattern of reduced contaminant
burdens in parasitized organisms are not fully understood but
parasites could diminish the capacity of their host to absorb
and bioaccumulate contaminants by altering their physiologi-
cal status and/or by reducing their activity levels (e.g., Evans
et al. 2001; Paul-Pont et al. 2010). Moreover, parasites can
bioaccumulate contaminants to concentrations which are or-
ders of magnitude higher than their host (Nachev and Sures
2016). Therefore, they could also directly interfere with con-
taminant bioaccumulation processes by acting as pollutant
sinks. For example, the concentration of lead in the acantho-
cephalan parasite Pomphorhynchus laevis was 3- to 30-fold
higher than the concentrations found in the intestine of its fish

Section Editor: Panagiotis Karanis

* Annabelle Dairain
annabelle.dairain@u-bordeaux.fr

1 Univ. Bordeaux, EPOC, UMR CNRS 5805,
F-33400 Talence, France

2 Present address: Univ. Lyon I, F-69100 Villeurbanne, France

Parasitology Research (2019) 118:363–367
https://doi.org/10.1007/s00436-018-6148-4

IMMUNOLOGY AND HOST-PARASITE INTERACTIONS - SHORT COMMUNICATION

http://crossmark.crossref.org/dialog/?doi=10.1007/s00436-018-6148-4&domain=pdf
http://orcid.org/0000-0003-4513-155X
mailto:annabelle.dairain@u-bordeaux.fr


host, the chub Squalius (Leuciscus) cephalus. The parasite
P. laevis interferes with the fish’s hepatic-intestinal cycling
of lead, thus directly reducing the lead uptake through the
intestinal wall of the host (Sures and Siddall 1999).

In a previous study, unparasitized mud shrimp, Upogebia
cf. pusilla Petagna, 1792, bioaccumulated 3.6-fold and 2.1-
fold more Cd in their hepatopancreas and abdominal muscle,
respectively, than parasitized organisms after an exposure
period of 14 days to water-borne cadmium (Cd) (Dairain
et al. 2018). In this study, we investigate how the bopyrid
parasite Gyge branchialis Cornalia & Panceri, 1861, may
interfere with the process of trace metal bioaccumulation in
its mud shrimp host U. cf. pusilla, using Cd as a model
contaminant. The female bopyrid parasite lives in one of
the gill chambers of its host and feeds on internal host body
fluids (Tucker 1930). Thus, trophic contamination by trace
metal taken up by the host is likely for this parasite. The
female bopyrid parasite represents ca. 6.6% of the total host-
parasite biomass for this host-parasite combination.
Therefore, we firstly evaluated whether the parasite acts as
an important Cd sink in this system. In addition, the mud
shrimp U. cf. pusilla filters water regularly for respiration
purposes, and consequently the gills are a major site of metal
uptake from contaminated water. Hence, secondly, due to
the parasite position in the gills, we evaluated whether the
bopyrid parasite damages the gills of the host, potentially
affecting its uptake of Cd.

Materials and methods

The host-parasite association

The crustacean Upogebia cf. pusilla is a gebiidean mud
shrimp occurring in intertidal and upper sublittoral zones
along the Northeast Atlantic and Mediterranean coasts (de
Saint Laurent and Le Loeuff 1979; Dworschak 1983). It
lives in a deep (up to 49 cm) and complex burrow con-
nected to the sediment-water interface by several distant
openings (Pascal 2017). The fossorial lifestyle of the mud
shrimp is associated with extensive bioturbation activity
(Pascal 2017). The bopyrid isopod Gyge branchialis is a
parasite of U. cf. pusilla (Tucker 1930). A sexually ma-
ture female lives in one (very rarely both) gill chamber of
its host (Pascal et al. 2016), with a dwarf male attached to
her. This ectoparasite disrupts the mud shrimp’s reproduc-
tion (Tucker 1930; Pascal et al. 2016) and also reduces its
activity levels (Pascal 2017).

Trace metal bioaccumulation in the bopyrid parasite

The bioaccumulation of Cd in female bopyrids has been
investigated by conducting a 14-day contamination

experiment on parasitized mud shrimp. Naturally Cd-
uncontaminated mud shrimp were used in this experi-
ment. They were sampled in the middle of Arcachon
Bay (44° 40’ N, 1° 08’ W), France, using a bait piston
pump. Only adult male mud shrimp of similar size (total
length TL = 47.6 ± 0.5 mm, mean ± SE) were selected for
the experiment. Experimental units consisted of Plexiglas
tubes (diameter 9.5 × 40 cm) filled with sediments up to
20–22 cm depth. The rest was filled with seawater (water
column = 1.06 L). Mud shrimp were placed in experimen-
tal units (one organism per core) and allowed to burrow
for 3 days. This time was sufficient to observe a complete
burrow (two open ends). Two series of treatments with
four replicates per sampling time were conducted: (1) par-
asitized mud shrimp unexposed to Cd-contaminated sea-
water (Bunexposed^) and (2) parasitized mud shrimp ex-
posed to Cd-contaminated seawater (Bexposed^). Metal
contamination was initiated by supplying seawater with
a Cd stock solution (added as CdCl2, concentration =
1 g L−1) at a rate of 180 mL h−1. Throughout the experi-
ment, the Cd concentration in the water of contaminated exper-
imental units was 7.4 ± 0.2 μg L−1 (mean ± SE), whereas Cd
concentrations were systematically below the detection limit
(DL) in thewater column of uncontaminated experimental units
(DL = 0.34 μg Cd L−1).

Mud shrimp were sampled after 3, 7, and 14 days of
incubation. Their hepatopancreas and abdominal muscle
were sampled for Cd quantifications. The female bopyrid
parasite was removed from its host under a stereomicro-
scope (SMZ1500; Nikon) and measured (total length, TL)
(NIS-elements 0.4.00.00 software) before Cd analyses
were performed.

After being dried (at least 48 h at 45 °C), biological
samples were firstly weighed (dry weight, DW), then
placed in polypropylene tubes and finally digested with
nitric acid (HNO3 65%) at 100 °C for 3 h (HotBlock;
Environmental Express). Ultrapure water (Milli-Q) was
added after cooling to dilute samples and obtain a final
nitric acid concentration of 11%. Then, Cd concentrations
were determined in mud shrimp’s abdominal muscle, he-
patopancreas, and in bopyrid parasites by atomic absorp-
tion spectrophotometry with Zeeman correction (Agilent
240Z AA; Agilent). Method blanks and certified reference
materials (DOLT-5, dogfish liver, NRCC-CNRC) were in-
cluded in each analytical batch, and treated and analyzed
in the same way as biological samples (DL = 0.075 μg g−1

DW).
Prior to any statistical analysis, a Levene test was per-

formed to assess homogeneity of variances. Bopyrid parasites
(females only) TL and DW were tested for significant differ-
ences between experimental conditions using aWilcoxon test.
There were no significant TL nor DW differences between the
bopyrid parasites examined (TL = 10.0 ± 0.3 mm; Wilcoxon
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test, W = 0.88, p = 0.50, and DW= 33.8 ± 2.7 mg; Wilcoxon
test, W = 73, p = 0.08). Then, the effects of experimental con-
dition (Bunexposed^ and Bexposed^) and time of experiment
(3, 7, and 14 days) on Cd bioaccumulation in bopyrid para-
sites and in the mud shrimp’s abdominal muscle and hepato-
pancreas (log-transformed data) were assessed using a two-
way ANOVA. Concentrations of Cd were compared between
female bopyrids and the abdominal muscle and the hepato-
pancreas of the host using a paired t test and a Wilcoxon test
for paired variables, respectively. Quantities of Cd in each
organ were deduced from Cd concentrations and DW.
Results are reported as the mean ± SE of N replicate measure-
ments. Differences were considered significant for p < 0.05.

Influence of the bopyrid parasite on the mud shrimp’s
gills

The effect of the bopyrid parasiteG. branchialis on the gills of
the mud shrimp U. cf. pusilla has been determined by com-
paring the weight of gills between parasitized and unparasit-
ized organisms. Mud shrimp were sampled on a mud flat in
Arcachon Bay (44° 40’ N, 1° 08’ W), France, in May–June
2016 using a bait piston pump. Once collected, each specimen
was individually isolated in a plastic pot containing seawater,
to avoid fighting between the mud shrimp. In the laboratory,
all mud shrimp were rinsed of sediment with seawater, and
frozen (− 20 °C) before being dissected. A total of 51 unpar-
asitized and 39 parasitized mud shrimp were processed.

Each U. cf. pusilla was measured from the rostrum tip to
the telson (total length, TL) using a digital caliper. Then, the
left and right gill chambers were checked for the presence of
the female bopyrid parasite G. branchialis. If present, the

parasite was delicately removed from the gill chamber of its
host under a stereomicroscope (SMZ1500; Nikon), before
the left and right gills were carefully sampled. Gills were
dried (at least 48 h at 60 °C) before being weighed (dry
weight, DW). In a similar way, mud shrimp without their
gills were dried and weighed.

Prior to any statistical analysis, a Levene test was per-
formed to assess homogeneity of variances. The effect of the
bopyrid parasite on the relationship between the total DW of
gills (right and left gills together) and the mud shrimp TL was
investigated by applying an analysis of covariance
(ANCOVA) on log-transformed data. Regarding parasitized
mud shrimp, the DW of the gill infested with the bopyrid
parasite and the DW of the gill unparasitized were compared
using a Wilcoxon test for paired variables. Differences were
considered significant for p < 0.05.

Results and discussion

Trace metal bioaccumulation in the female bopyrid
parasite

The Cd concentrations in Bunexposed^ parasites were low
throughout the experiment, whereas Bexposed^ parasites
showed significantly higher levels of Cd (Fig. 1;
Table 1). At experiment completion, Cd concentrations in
Bexposed^ parasites were 7.0 times higher than in
Bunexposed^ bopyrids. There was no effect of time and
no interactive effect between experimental condition and
time on the bioaccumulation of Cd by bopyrid parasites
(Table 1). The ability of marine parasites to accumulate

Fig. 1 Concentrations of
cadmium (Cd, μg g-1 DW;
median, first, and third quartiles;
logarithmic scale) in the
abdominal muscle and
hepatopancreas of mud shrimp
Upogebia cf. pusilla and in their
bopyrid parasites Gyge
branchialis exposed (Bexposed^)
and unexposed (Bunexposed^) to
Cd contamination over 14 days.
N= 4, and N= 3 for Bexposed^
organisms at day 7
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contaminants is well recognized (Nachev and Sures 2016),
even though studies targeting ectoparasites, such as
bopyrids, are scarce. The literature suggests that ectopara-
sites have a reduced ability to bioaccumulate contaminants
(Bergey et al. 2002) compared to endoparasites, such as
acanthocephalans, which often display higher contaminant
levels than their host (Sures and Siddall 1999; Nachev and
Sures 2016). Furthermore, in this study, the Cd concentra-
tions were significantly higher in Bexposed^ parasites than
in the abdominal muscle of their Bexposed^ host (paired t
test, t = 4.76, p < 0.05) but lower than in the Bexposed^
host’s hepatopancreas (Wilcoxon test for paired variables,
V = 0, p < 0.05) at each of the sampling times (Fig. 1). A
mass balance calculation showed that there were on aver-
age 0.24 ± 0.06 μg of Cd in the hepatopancreas, and 0.01 ±
0.00 μg of Cd in the abdominal muscle, of Bexposed^ par-
asitized mud shrimp, while bopyrids contained 0.05 ±
0.02 μg of Cd on average at experiment completion. On
the other hand, there was on average 0.38 ± 0.19 μg of Cd
in the hepatopancreas, and 0.03 ± 0.01 μg of Cd in the
abdominal muscle, of unparasitized mud shrimp exposed
to Cd contamination over 14 days (Dairain et al. 2018).
Thus, the difference in Cd bioaccumulation between para-
sitized and unparasitized mud shrimp cannot only be due to
a direct effect of the bopyrid parasite acting as a sink in
mud shrimp.

Effect of the bopyrid parasite on the gills of mud
shrimp

The bopyrid parasite was negatively associated with the
relationship between the total DW of gills and mud
shrimp TL (ANCOVA, F1,87 = 19.40, p < 0.05), with the
gills of parasitized organisms being lighter than those of
unparasitized individuals, when standardized for TL
(Fig. 2). These results are in accordance with those of
Pascal et al. (2016) who showed that parasitized organ-
isms were almost 10% lighter than uninfested specimens,

when weight was standardized for TL. In addition, we
noticed that the gills harboring the bopyrid parasite were
significantly lighter than the opposite unparasitized gill
(Wilcoxon test for paired variables, V = 142, p < 0.05).
Together, these gill weight results suggest that the bopyrid
parasite has a particularly detrimental impact on the gills
of its host. The mud shrimp U. cf. pusilla is primarily a
suspension feeder (Dworschak 1987) but also filters water
for respiration purposes. Thus, gills are a major site of
direct Cd uptake. By reducing the weight of gills of the
mud shrimp, it is likely that the bopyrid parasite reduces
the surface area available for Cd uptake by the host. To
properly confirm this, an experiment comparing Cd bio-
accumulation in the gills of parasitized and unparasitized
organisms, as well as between the two gills of parasitized
mud shrimp, is required.

Table 1 Results of two-way
ANOVA evaluating the influence
of time of exposure (3, 7, and
14 days) and experimental
conditions (Bexposed^ vs.
Bunexposed^) on cadmium
concentrations in the abdominal
muscle and the hepatopancreas of
the mud shrimp Upogebia cf.
pusilla and in their bopyrid
parasites Gyge branchialis.
p values in bold indicate
significant effect

Factor Df F p

Mud shrimp’s abdominal muscle Time (1) 2 1.20 0.35

Experimental condition (2) 1 17.02 < 0.05

(1) × (2) 2 1.03 0.38

Mud shrimp’s hepatopancreas Time (1) 2 3.30 0.062

Experimental condition (2) 1 613.96 < 0.05

(1) × (2) 2 13.84 < 0.05

Bopyrid parasite Time (1) 2 3.51 0.058

Experimental condition (2) 1 45.38 < 0.05

(1) × (2) 2 1.00 0.39

Fig. 2 Influence of the bopyrid parasite Gyge branchialis on the
biometric relationships between the gills dry weight (log-transformed
data; mg) and the mud shrimp Upogebia cf. pusilla total length (mm).
y = 0.029x − 0.76 for unparasitized mud shrimp; y = 0.033x − 1.05 for
parasitized mud shrimp (ANCOVA, p < 0.05). N = 51 unparasitized
mud shrimp, and N= 39 parasitized mud shrimp
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Conclusion

We found that the bopyrid parasite Gyge branchialis
bioaccumulates Cd when its host, the mud shrimp Upogebia
cf. pusilla, is exposed to this trace metal. Levels of Cd were
higher in the parasite than in the abdominal tissue of the host.
However, this was not the case for the hepatopancreas of the
host which showed the highest Cd levels recorded.
Additionally, the parasite damages the gills of the mud shrimp,
which might reduce the surface area of the gills and lessen the
Cd uptake by parasitized organisms. Finally, it should be con-
sidered that the parasite may also reduce the Cd uptake of its
filter feeder host by lessening its filtration and/or ventilation
activities (Stier et al. 2015; Pascal 2017). However, the influ-
ence of this bopyrid parasite on the filtration activity of the
mud shrimp in regard of the bioaccumulation process of Cd
and other contaminants has still to be investigated.

Acknowledgements The authors are grateful to the two anonymous ref-
erees for their help in improving the manuscript.Many thanks to Dr. Katie
O’Dwyer (Galway-Mayo Institute of Technology) for the interesting
comments and editing corrections of the manuscript. We are grateful to
M. Mauran for her significant help during experiment. We thank the
captain and the crewmembers of the R/V Planula IV (CNRS-INSU-
FOF) for assistance in the field.

Funding A.D. was supported by a doctoral grant of the French
BMinistère de l’Enseignement Supérieur et de la Recherche^
(Université de Bordeaux—2015/AUN/25).

Compliance with ethical standards

Conflict of interest The authors declare that they have no conflict of
interest.

Ethical approval All applicable international, national, and/or institu-
tional guidelines for the care and use of animals were followed.

References

Al Kaddissi S, Legeay A, Elia AC, Gonzalez P, Floriani M, Cavalie I,
Massabuau J-C, Gilbin R, Simon O (2014) Mitochondrial gene ex-
pression, antioxidant responses, and histopathology after cadmium
exposure. Environ Toxicol 29:893–907. https://doi.org/10.1002/tox.
21817

Baudrimont M, de Montaudouin X (2007) Evidence of an altered protec-
tive effect of metallothioneins after cadmium exposure in the
digenean parasite-infected cockle (Cerastoderma edule).
Parasitology 134:237. https://doi.org/10.1017/S0031182006001375

Bergey L, Weis JS, Weis P (2002) Mercury uptake by the estuarine spe-
cies Palaemonetes pugio and Fundulus heteroclitus compared with
their parasites, Probopyrus pandalicola and Eustrongylides sp. Mar
Pollut Bull 44:1046–1050. https://doi.org/10.1016/S0025-326X(02)
00154-6

Coors A, De Meester L (2008) Synergistic, antagonistic and additive
effects of multiple stressors: predation threat, parasitism and pesti-
cide exposure in Daphnia magna. J Appl Ecol 45:1820–1828.
https://doi.org/10.1111/j.1365-2664.2008.01566.x

Dairain A, de Montaudouin X, Gonzalez P, Ciutat A, Baudrimont M,
Maire O, Legeay A (2018) Do trace metal contamination and para-
sitism influence the activities of the bioturbating mud shrimp
Upogebia cf. pusilla? Aquat Toxicol 204:46–58. https://doi.org/10.
1016/j.aquatox.2018.08.019

de Saint Laurent M, Le Loeuff P (1979) Crustacés décapodes
Thalassinidea. I. Upogebiidae et Callianassidae. In: Résultats
scientifiques des campagnes de la Calypso au large des côtes
atlantiques africaines (1956 et 1959). Masson, Paris, pp 29–101

Dworschak PC (1983) The biology of Upogebia pusilla (PETAGNA)
(Decapoda, Thalassinidea) I. The burrows. Mar Ecol 4:19–43.
https://doi.org/10.1111/j.1439-0485.1983.tb00286.x

Dworschak PC (1987) Feeding behaviour of Upogebia pusilla and
Callianassa tyrrhena (Crustacea, Decapoda, Thaliassinidea).
Investig Pesq 51(1):421–429

Evans DW, Irwin SWB, Fitzpatrick S (2001) The effect of digenean
(Platyhelminthes) infections on heavy metal concentrations in
Littorina littorea. J Mar Biol Assoc U K 81:349–350. https://doi.
org/10.1017/S0025315401003873

Felten V, Charmantier G, Mons R, Geffard A, Rousselle P, Coquery M,
Garric J, Geffard O (2008) Physiological and behavioural responses
of Gammarus pulex (Crustacea: Amphipoda) exposed to cadmium.
Aquat Toxicol 86:413–425. https://doi.org/10.1016/j.aquatox.2007.
12.002

Holmstrup M, Bindesbøl A-M, Oostingh GJ, Duschl A, Scheil V, Köhler
H-R, Loureiro S, Soares AMVM, Ferreira ALG, Kienle C, Gerhardt
A, Laskowski R, Kramarz PE, BayleyM, Svendsen C, Spurgeon DJ
(2010) Interactions between effects of environmental chemicals and
natural stressors: a review. Sci Total Environ 408:3746–3762.
https://doi.org/10.1016/j.scitotenv.2009.10.067

Nachev M, Sures B (2016) Environmental parasitology: parasites as ac-
cumulation bioindicators in the marine environment. J Sea Res 113:
45–50. https://doi.org/10.1016/j.seares.2015.06.005

Pan K, Wang W-X (2012) Trace metal contamination in estuarine and
coastal environments in China. Sci Total Environ 421–422:3–16.
https://doi.org/10.1016/j.scitotenv.2011.03.013

Pascal L (2017) Rôle de l’espèce ingénieure Upogebia pusilla dans le
fonctionnement biogéochimique des écosystèmes intertidaux à
herbier (Zostera noltei) du bassin d’Arcachon. PhD thesis,
University of Bordeaux

Pascal L, de Montaudouin X, Grémare A, Maire O (2016) Dynamics of
the Upogebia pusilla–Gyge branchialis marine host–parasite sys-
tem. Mar Biol 163. https://doi.org/10.1007/s00227-016-2969-9

Paul-Pont I, Gonzalez P, Baudrimont M, Jude F, Raymond N,
Bourrasseau L, Le Goïc N, Haynes F, Legeay A, Paillard C, de
Montaudouin X (2010) Interactive effects of metal contamination
and pathogenic organisms on the marine bivalve Cerastoderma
edule. Mar Pollut Bull 60:515–525. https://doi.org/10.1016/j.
marpolbul.2009.11.013

Stier T, Drent J, Thieltges D (2015) Trematode infections reduce clear-
ance rates and condition in blue mussels Mytilus edulis. Mar Ecol
Prog Ser 529:137–144. https://doi.org/10.3354/meps11250

Sures B, Siddall R (1999) Pomphorhynchus laevis: the intestinal acan-
thocephalan as a lead sink for its fish host, chub (Leuciscus
cephalus). Exp Parasitol 93:66–72. https://doi.org/10.1006/expr.
1999.4437

Tucker BW (1930) Memoirs: on the effects of an epicaridan parasite,
Gyge branchialis, on Upogebia littoralis. J Cell Sci s2-74:1–118

Tueros I, Borja Á, Larreta J, Rodríguez JG, Valencia V, Millán E (2009)
Integrating long-term water and sediment pollution data, in
assessing chemical status within the European water framework
directive. Mar Pollut Bull 58:1389–1400. https://doi.org/10.1016/j.
marpolbul.2009.04.014

Parasitol Res (2019) 118:363–367 367

https://doi.org/10.1002/tox.21817
https://doi.org/10.1002/tox.21817
https://doi.org/10.1017/S0031182006001375
https://doi.org/10.1016/S0025-326X(02)00154-6
https://doi.org/10.1016/S0025-326X(02)00154-6
https://doi.org/10.1111/j.1365-2664.2008.01566.x
https://doi.org/10.1016/j.aquatox.2018.08.019
https://doi.org/10.1016/j.aquatox.2018.08.019
https://doi.org/10.1111/j.1439-0485.1983.tb00286.x
https://doi.org/10.1017/S0025315401003873
https://doi.org/10.1017/S0025315401003873
https://doi.org/10.1016/j.aquatox.2007.12.002
https://doi.org/10.1016/j.aquatox.2007.12.002
https://doi.org/10.1016/j.scitotenv.2009.10.067
https://doi.org/10.1016/j.seares.2015.06.005
https://doi.org/10.1016/j.scitotenv.2011.03.013
https://doi.org/10.1007/s00227-016-2969-9
https://doi.org/10.1016/j.marpolbul.2009.11.013
https://doi.org/10.1016/j.marpolbul.2009.11.013
https://doi.org/10.3354/meps11250
https://doi.org/10.1006/expr.1999.4437
https://doi.org/10.1006/expr.1999.4437
https://doi.org/10.1016/j.marpolbul.2009.04.014
https://doi.org/10.1016/j.marpolbul.2009.04.014

	How does the bopyrid isopod Gyge branchialis interfere with trace metal bioaccumulation in the mud shrimp Upogebia cf. pusilla?
	Abstract
	Introduction
	Materials and methods
	The host-parasite association
	Trace metal bioaccumulation in the bopyrid parasite
	Influence of the bopyrid parasite on the mud shrimp’s gills

	Results and discussion
	Trace metal bioaccumulation in the female bopyrid parasite
	Effect of the bopyrid parasite on the gills of mud shrimp

	Conclusion
	References


