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Introduction
Serpulidae Rafinesque, 1815 is a family of polychaete annelids with calcareous tubes found in worldwide from
littoral to abyssal depths. Of more than 350 described species of serpulid polychaetes,
Absolon & Hrabe 1930 is the only known cave-dwelling stygobiotic and freshwater serpulid, five other serpulid
species comprising the genus are found in brackish water, otherwise serpulids are all marine
organisms.

(Fauvel, 1923), previously known as , is a truly cosmopolitan
with disjunct distribution. It has been found worldwide inhabiting coastal brackish waters, lagoons and
estuaries of warm temperate areas of both hemispheres.
This tubeworm builds calcareous tubes on any hard substrate. With distinctive collar-like rings at irregular
intervals it is relatively easy to identify . It is an efficient suspension-feeder, very tolerant and
physiologically well adapted to temperature and salinity variations, eutrophic conditions and low dissolved
oxygen content.
The fact that populations of appear near the ports suggests that the probable mechanism of
introduction was ship fouling or ballast water. Generally, is considered as a fouling nuisance
species which negatively affects ships, buoys and harbour structures.
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Methods and Instrumentation
Sampling was performed between May and September 2010. Samples were collected
manually by scuba diver. Sampling locations were divided by water salinity to three groups
(FW- dominantly fresh water, BW-brackish water with seasonal changes of salinity, MW-
marine water).
Particulate organic matter was collected only once, in summer 2010, by filtering seawater
through GF/C glass fiber filter. Filters were rinsed with deionized water and dried overnight
at 50 C.
Worms were manually extracted from their tubes and dried until constant weight at 50°C.
Several individuals (3 – 20, depending upon availability) were pooled together and
homogenized. Particulate organic matter for the isotope analysis of organic C was treated
with 1M HCl to remove carbonate prior to analysis; untreated samples were used for N isotope
analysis. Dry samples were analysed using a Europa 20-20 stable isotope analyser with ANCA
SL preparation module for solid and liquid samples (Europa Scientific, U.K.). For carbonate C
and O isotope analyses, dried sections of colonies were pulverized using agate mortar and
pestle and analysed using Varian MAT 250 isotope ratio mass spectrometer after
decomposition of 3 mg sample in 100% H PO at 25 C for 24 h.
The stable isotopic compositions of carbon, oxygen, nitrogen, and carbonate were
determined as heavier-to light isotope ratio and reported in ‰ as relative values:

= (R /R – 1) × 1000 [‰]
where R is the C/ C, N/ N or O/ O ratio of the sample and the standard. The results for
carbon and oxygen are reported relative to V-PDB (Vienna – Pee Dee Belemnite) and nitrogen
relative to atmospheric N . Samples of soft tissues were analysed in triplicate and were
accepted, if the standard deviation was < 0.2 ‰ for both C and N; if the deviation was larger,
analyses were repeated until the deviation was within the requested limits. Carbonate
samples were analysed in duplicate, with standard uncertainty of 0.1 ‰ for both C and

O.
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RESULTS - POM
Particulate organic matter: the POM was sampled
only once, in September 2010 at sites with changing
salinity (Table 1). Literature data for marine POM in
Central Dalmatia show that the seasonal variation in
both C and N and can range over several permil
and that the highest values typically occur in late
summer. It is noteworthy, however, that no results
are available for the estuarine environment, where
intensive mixing of fresh- and seawater occurs,
depending upon the temperature and some other
physicochemical conditions.
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CONCLUSION
The stable isotope composition of serpulide worms in the Krka

River Estuary and Neretva River Delta show a large span of δ C and
δ N values; the δ N values reflect the stable isotope composition of
particulate organic matter in the area, whereas δ C values obtained
in this study cannot yet be fully explained. The C and O isotope
composition of carbonate tubes depend upon the contribution of
river-borne dissolved inorganic carbon and its typical δ O values
and change with the salinity gradient.
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Study Area
For studying of two main populations located in the Krka River Estuary
and Neretva River Delta were chosen (Fig. ).
The Krka River estuary has a total length of 22 km and bottom gradually deepens from
2 m to 42 m. It is a typical karstic highly stratified estuary with fresh/brackish surface
layer flowing seawards and bottom seawater counter-currently moving upwards. The
port of Šibenik is located in lower part of the Krka river estuary. grows in
Krka River Estuary last 6 years in the low intertidal to shallow subtidal area.
The Neretva River Delta covers about 20 000 ha of which 12 000 ha are in Croatia. It is
constituted of numerous channels. The Port of Plo e is situated near the river mouth,
and it is one of the largest Croatian ports. has appeared in lowland Delta
area and at the shore after Second World War as single specimens or in small aggregates.
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Figure 3. as a ship foulingF. enigmaticusFigure 2. from channel
of Neretva River Delta
F. enigmaticusFigure 1. from Krka

River Estuary
F. enigmaticus

Figure 4. Map of occurrencesFicopomatus enigmaticus
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Corg

Krka River Estuary FW 8.1 -31.23

Krka River Estuary BW 3.57 -31.95

Krka River Estuary BW 3.91 -25.20

Krka River Estuary BW 4.42 -25.14

Krka River Estuary BW 4.66 -28.30

Neretva River Delta BW 5.07 -27.75

n δ
15

N δ
13

Corg

FW 3 7.4 - 8.7 (-36.6) - (-27.2)

BW 3 8.3 - 11.1 (-28.7) - (-28.2)Neretva River Delta

MW 2 8.3 - 8.4 (-33.4) - (-28.7)

FW 12 7.9 - 9.3 (-37.7) - (22.6)
Krka River Estuary

BW 23 3.8 - 10.9 (-36.7) - (-25.4)

cave FW 2 7.2 - 9.8 (-25.1) - (-24.7)

n δ
13

Ccarb δ
18

Ocarb

FW 3 (-14.4) - (-6.68) (-8.4) - (-5.7)Krka River

Estuary BW 2 (-6.76) - (-2.88) (-4.7) - (-3.4)

cave FW 2 (-14.9) - (-12.5) (-10.6) - (-9.1)

RESULTS - Soft tissues
In literature could be found data on stable isotope composition of soft tissues of us

or . Some N values were reported for polychaete worms in the Gulf of Aqaba,
where it was found that - as intensive filter feeders with high retention capacity – they reflect

the N of POM in their living environment; for unpolluted locations, mean N of 3.9 ‰ was

measured, while at locations exposed to fish farm-derived effluents, N values of up to 8 ‰
were found. Unpublished data for serpulides from the Bay of Piran in Northern Adriatic
report values between 3.6 and 7 ‰ V-PDB, depending on the season and distance to the fish

farms. The N enrichment compared to the particulate organic matter varied seasonally

between 2 and 3 ‰ . The mean N of serpulides analysed in our study was 8.6 ‰ in the
freshwater environment,7.8 ‰ in mixed freshwater-saline environment and 8.4 ‰ in marine
environment (Table 2), which means that the N stable isotope composition is rather
independent on the salinity. For the observed period, no regular seasonal variation was

observed. Obtained values are expected, considering the N of POM and previously
estimated enrichment factor. Much larger variations were observed in the stable isotope

composition of organic C in the soft tissues: in freshwater environments, mean C was -31.9
‰, however, the standard deviation was 4.7 ‰ (n = 17); in environments with changing

salinity the mean C was -31.0 ‰ (std = 3.1 ‰), while in marine environment the mean C
was -32.1 ‰ with standard deviation of 1.5 ‰. These values were much lower than those

obtained in the unpublished study in the Northern Adriatic and Gulf of Aqaba, where C
values typical of those for marine organisms were found (-17 to -22 ‰ V-PDB). In principle,

C values as low as obtained in our study (down to -37.7 ‰ V-PDB at the freshwater site in
Krka estuary) could be explained by the uptake of organic matter deriving from methane
oxidizing bacteria, which could occasionally derive from the lacustrine environment behind
the Skradinski buk waterfall. To the moment, such conclusion can only be speculative since
there are other factors which could not yet be taken into account, such as limited water
circulation within serpulide colonies, C cycling within soft substrates covering the tubes etc.,
which could potentially alter the microenvironmental conditions within the colonies and, in
particular in freshwater environments, create local hypoxia.
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RESULTS - Carbonates

Both C and O values of carbonate tubes are related to the salinity of the living
environment of organisms (Table 3). The lowest values were determined in
freshwater organisms with C between -14.9 and 12.5 ‰ and O
between -10.6 and -9.1 ‰ V PDB; tubes of from freshwater
environment had C between -14.4 and -6. ‰ and O between - .4 and -5.7 ‰ V
PDB. These values are very similar to those reported for fossil C = -13.2
to -15.1 ‰, O = -6.2 to -9.1 ‰ V-PDB). The lowest values in were
determined in the samples collected just below the waterfall of Skradinski buk, where
the river discharges into the estuary; these values match with C values of
dissolved inorganic C in the river which varies seasonally between -8 and -14 ‰ V
PDB, and O of river water (-6.8 to -7.8 ‰ V PDB). Samples collected in the areas
with salinity changing seasonally from freshwater to typical marine values (up to 36)
had much higher values (-6. < C < -2. ‰, -4. < O < -3. ‰), close to those
typical of marine serpulidae tubes determined in the Bay of Koper, Northern Adriatic
( C = - 0.3, O = +1.8 ‰ V PDB).
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Table 1. .
FW - fresh water; BW - brackish water.

δ δ13 15C and N from Particulate organic matter - POM

Table 2. from Nertva River Delta
and Krka River Estuary and from the cave.
FW-fresh water; BW-brackish water; MW-marine water

M. cavatica
δ δ13 15C and N from soft tissue of F. enigmaticus

Table 3. frδ δ13 18C and O from carbonate tubes of F. enigmaticus om
Krka River Estuary and from the cave.
FW-fresh water; BW-brackish water

M. cavatica


