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Abstract

This study reports exceptional penetrations of the Sharpchin Barracudina Paralepis coregonoides into pelagic, open-sea sedi-
ment traps in the Levant Basin of the SE Mediterranean Sea. This first substantiated record of the species at the Levant Basin has
been observed in two sediment traps at 180 and 280 m depth, 50 km offshore the coast of Israel. Over one year of deployment
(November 2016 till November 2017), 483 adult individuals have been repeatedly entrapped inside the automatic sediment traps
that were covered with a 25 mm baffler mesh for the first half year and then replaced with a smaller 10 mm mesh for the second
half. This undesirable catch of such an elusive and understudied species enabled us to revise its distribution, abundance and ge-
netic divergence. The continuous entrapment throughout the year of sexually mature individuals has confirmed that this species
is common to the SE Mediterranean. In order to avoid unwanted entrapments that disrupt biogeochemical sediment studies, the
installation of small mesh size nets on the conventional sediment trap openings must be considered in the pelagic zone of the SE

Mediterranean, and probably elsewhere.
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Introduction

The ocean mesopelagic zone covers the majority of
earth’s volume and is characterized by a strong hydro-
static pressure, diminished light and high inorganic nu-
trient concentrations which makes it an appealing region
for biogeochemical studies (Robinson et al., 2010; Sutton
et al,, 2017). Among the variety of methodologies that
are being employed worldwide, the use of sediment traps
greatly contributes to the documentation and understand-
ing of the carbon pump and cycling within the mesope-
lagic water column (Armstrong et al., 2002; Peterson et
al., 2005; Trull et al., 2008). However, while sediment
traps are considered as an ideal tool to gather biogeo-
chemical data, the fluency of the process may be occa-
sionally interrupted by various incidental forces.

Mesopelagic fishes are highly abundant in oceanic
waters with an estimated biomass of ten billion metric
tons (St John et al., 2016), with many of them that per-
form diel vertical migration (Gjesaeter & Kawaguchi,
1980; Klevjer et al., 2012; Olivar et al., 2012), thus ac-
tively transporting carbon throughout the water layers
(Wang et al., 2019). Within this populated ecosystem, re-
sides the fish family of barracudinas (Paralepididae) that
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contains almost 60 known circum-global species (Fricke
et al., 2018). Barracudinas inhabit a wide gradient of the
water column, from the surface down to 1,000 m, from
the continental slope to mid-ocean areas (Harry, 1953),
and in spite of their wide distribution and species rich-
ness, the biology and distribution of this family remain
largely understudied, with the last comprehensive study
made by Harry (1953).

The Mediterranean Sea contains six species of bar-
racudinas, five of them are reported to inhabit the east-
ernmost basin, the Levant Basin (Whitehead ez al., 1984,
Golani, 2005).

In this study, we document a rare and prolonged an-
nual accidental catch, between November 2016 to No-
vember 2017, of 483 adult individuals of the rare Sharp-
chin barracudina Paralepis coregonoides Risso, 1820, in
two sediment traps at depths of 180 and 280 m, 50 km
offshore the northern coast of Israel at the Levant Basin.
Although this catch has impeded the original objectives
of the biogeochemical study, it constituted the first con-
firmed observation of the species in the eastern Mediter-
ranean and granted a unique opportunity to obtain novel
knowledge regarding the abundance and distribution of
this elusive mesopelagic species.
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Material and Methods

A multidisciplinary research enterprise to investigate
various oceanographic processes has been established on
board the ‘DeepLev’ mooring station in the Levant Ba-
sin. The mooring was deployed in November 2016 ap-
proximately 50 km west of Haifa, Israel, at 1500 m depth
(Lat/Lon: 32.993°N, 34.493°E; Fig. 1B). On board the
station, three time-series sediment traps (McLane PAR-
FLUX Mark78H-21) with 0.5m? opening with a honey-
comb structure and a 25 mm baffler mesh has been posi-
tioned at depths of 180, 280 and 1300 m. Each trap was
designed to collect sinking particles for six months and
included 21 collection bottles filled with 500 ml of 5%
buffered formaldehyde. Each bottle had an automatic du-
ration of 11-12 days to be available for samplings. After
six months, in May 2017, the traps were recovered, emp-
tied and deployed again with a smaller 1 cm mesh size
until November 2017. In total, the sediment traps have
spent a year underwater, collecting data from 33 collect-
ing bottles at each depth. In addition, water temperature
has been recorded every 10 minutes in 300 m depth, in
adjacent to the deeper sediment trap.

After uploading on deck, the entire content of the
sediment bottles was labelled and kept either at freezing
temperature (-20°C) or preserved in 70% ethanol. In the
lab, all samples were identified, counted and evaluated
by the degree of the tissue degradation. Intact, well pre-
served individuals were later used for morphological and
biological analyses, while individuals that less absorbed
the DNA-degrading formalin were taken for genetic anal-
yses. Finally, all intact fish individuals were deposited in
the fish collection of the Steinhardt Museum of Natural
History at Tel Aviv University under the catalogue vouch-
ers SMNHTAU P. 15903-05.

At the lab, fish individuals were weighted and mea-
sured to the nearest 0.1g and 1 mm. In addition, a subsa-
mple of 50 individuals from both depths, comprising 10%

of total individuals, have been dissected to determine
maturity stage and gut contents. Considering the monoe-
cious biology of the species (Whitehead et al., 1984), the
maturity stage was determined by the sex showing the
more dominant gonads, according to the classification
given in MEDITS handbook v. 9 (2017).

640-688bp fragment of the mitochondrial cytochrome
oxidase subunit 1(COI) was amplified from three indi-
viduals using the primer Fish F1, and following the proto-
col of Ward et al., (2005). The contiguous sequences have
been uploaded to BOLD platform under the accession
vouchers BIM566-18-BIM568-18. Genetic comparisons
were computed with previously published sequences us-
ing MEGA, v.7 (Kumar et al., 2016) under the Kimu-
ra-2-parameter (K2P) corrected distance (Kimura, 1980).

Results

During the first sampling period between November
2016 to May 2017, a total of 114 and 201 adult spec-
imens of P. coregonoides, identified after Whitehead et
al., (1984), were entrapped in the 180 m and 280 m sed-
iment traps, respectively (Fig. 1A, C). Despite changing
to a smaller mesh size of 1 cm at the entrance of the traps
before the second deployment, additional 102 and 66
individuals were caught in the two depths, respectively.
The deepest sediment trap at 1300 m deep, however, re-
mained empty of fish during both deployments.

The fish penetrated through the upper 25 mm mesh
size and ended up in the collection bottles (Vol = 0.5L),
with a maximum of 42 individuals in a single bottle.
The number of caught individuals per collecting bottle
varied throughout the year, with the highest numbers in
late winter-early spring and autumn (December-May,
9.375£11.09 individuals versus the warmer months
June-November, 5.38+7.47, Fig. 2).

The fish lengths ranged between 115-139 mm in to-

Fig. 1: A) The collecting sediment bottles with the entrapped specimens of P. coregonoides; B) Levant Basin, SE Mediterranean,
indicating the site of the sediment traps at DeepLev station, 50 km offshore Haifa (yellow star); C) Paralepis coregonoides Risso,

1820, 18.04.2017.
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tal length, with an average of 128.7+5.7 mm, whereas
their weight ranged between 3.6-5.1 g, with an average of
4.240.5 g. While the majority of the examined specimens
were found to be sexually mature (88%), the sex ratio
was found to be female-biased (F:M-35:15). However, no
temporal correlation was found throughout the year, i.e.,
each collecting bottle contained a mix of both maturing
specimens (Stage 2) and spawners (stage 3). Considering
the rarity of this finding, this is the first modern docu-
mentation of the species’ gonad maturity stages, that can
be now viewed in Fig. 3A-B. Regarding gut content anal-
ysis, the majority of the dissected stomachs were found
empty due to their time spent in the trap. Five stomachs
(10%) contained digested fish remains with one partial-
ly-identifiable specimen of lanternfish myctophid sp.

640-688 bp of the COI gene were sequenced for
three specimens of P. coregonoides, and assigned in
BOLD platform within the Barcode Index Number (BIN)
BOLD:AAA8782. A genetic divergence of 0.2-0.8% was
observed between and within the three examined indi-
viduals of this study and previously published sequenc-
es. These comparisons were done between collected
specimens from the middle Atlantic (Accessions UKF-
BI496-08 and MAECO507-09, submitted under Parale-
pis brevirostris (Parr, 1928)) and northeast Atlantic Ocean
(Accession MAECO508-09). Considering the absence of
available genetic information for congeneric Paralepis
spp., the nearest genetic resemblance was observed with
two other paralepidids Lestidiops ringens (Jordan & Gil-
bert, 1880) and Arctozenus risso (Bonaparte, 1840), with
an average of 12% of nucleotide divergence.

Discussion

Offshore mooring stations can provide important
knowledge on the remote oceanic habitat, which predom-

Fig. 3: Gonad maturity stages of P. coregonoides, under light
stereoscope. O=female ovaries; T=Male testes. (A) Ovaries in
spawning stage, testes in resting stage; (B) Ovaries in spent
stage, testes in spawning stage.

inantly contributes to biogeochemical and oceanograph-
ic data. This study reports an unwanted, albeit unique,
catch that enabled new insights on an elusive life history
and distribution of a mesopelagic fish. Although P. core-
gonoides has been previously reported from the eastern
Ionian Sea (Mytilineou et al., 2005), and the Aegean and
Libyan Seas (Papaconstantinou, 2014), this study consti-
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Fig. 2: Number of sampled individuals of P. coregonoides in each bottle of the two sediment trap systems, the DeepLev station at
the SE Levantine basin. Corresponding water temperature (°C) measured in 300 m in blue line.
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tutes the first substantiated record of this species from the
eastern Levant Basin, taking into account only unidenti-
fied Paralepis sp. larva collected in 1969 in Israel (Lou-
rie, 1972), and previous records. Moreover, to the best
of our knowledge, this study documents the largest catch
of adult specimens of P. coregonoides throughout its en-
tire distribution. Together with the continuous findings
of sexually mature individuals, this clearly indicates that
this species is a common resident at the Levant Basin.

Acting as a fish aggregating device (Castro et al.,
2002; Dempster & Taquet, 2004), the sediment traps in
our study have most likely attracted local residents of
the mesopelagic habitat. However, considering size re-
striction and opening orientation of the traps, only ver-
tical swimmers can ensure capture. Indeed, this unique
habit of swimming characterizes species of barracudina
(Whitehead et al., 1984), which explains, together with
their slender form, this mono-species entrapment events.
We postulate that this unique swimming behavior con-
tributes to their known tendency to efficiently avoid sam-
pling nets, which is eventually reflected in a scarce and
infrequent information available throughout their distri-
bution, that is mainly based on documenting juvenile and
adult specimens inside stomachs of large pelagic fishes
(Potier et al., 2007; Consoli et al., 2008; Battaglia et al.,
2013). Moreover, the absence of juvenile individuals in
the traps throughout the year may suggest they either lack
vertical swimming abilities at this life stage or that they
simply do not dwell in this layer of the pelagic water col-
umn.

Although this study only summarizes a single year,
higher values in average catch per collecting bottle were
shown during the colder months, though without correla-
tion with 300 m water temperature measurements (Fig.
2). This result may coincide with the general trend in
which temperate or cold water species avoid warm water,
and perform vertical or horizontal migration when local
conditions are inadequate (Stern et al., 2018).

The shallow mitochondrial genetic divergence found
between specimens from this study and previously pub-
lished data from distant localities around the Atlantic
Ocean (0.2-0.8%) signifies the pelagic lifestyle of this
species and could possibly represent migration charac-
teristics and/or efficient propagule dispersal that enables
continual gene flow throughout its distribution.

Last, apart from this unplanned contribution to meso-
pelagic ichthyology, we consider this case as a ‘warning
sign’ for future deployment of pelagic sediment traps.
This general trend of uninvited “swimmers” in sediment
traps has been previously debated, providing several rec-
ommendations on how to prevent, remove or consider
the impact of the different life forms of these swimmers
(Buesseler et al., 2007). In our case, the fish penetrations
made it impossible to quantify and intelligibly analyze
the sediment particles and their fluxes, and only after
placing a 7mm stainless-steel mesh on the trap openings
during the third deployment, were we able to prevent fu-
ture additional fish entries.
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have no conflict of interest.
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Data linking: The genetic datasets generated during
the current study are available in the Barcode of Life Data
System (BOLD), with the accession codes — BIM566-18,
BIMS567-18 and BIM568-18.

Acknowledgements

We thank the Mediterranean Sea Research Center of
Israel (MERCI) for its partial support in establishing and
running the DeepLev station. We also thank the North
American Friends of Israel Oceanographic and Limno-
logical Research (IOLR) and Wolfson Foundation via
Bar Ilan University (BIU) for their financial support. We
thank the IOLR electronic, sea operations and marine
physical departments for invaluable help with facilities
and technical operations in establishing and running the
DeepLev station. We thank the engineers of the machine
shop at BIU for their help in the buildup of mooring and
attached devices. This project was partly funded by the
Israel Science Foundation grant ISF 25/2014. We thank
the Israeli Ministries of Energy and Environmental Pro-
tection for their support in related activities in frame of
the National Monitoring Program for Israeli Mediterra-
nean Waters. We also thank the captain and crew of the
R/V ‘Bat Galim’ for their assistance.

References

Armstrong, R.A., Lee, C., Hedges, J.I., Honjo, S., Wakeham,
S.G., 2002. A new, mechanistic model for organic carbon
fluxes in the ocean based on the quantitative association of
POC with ballast minerals. Deep-Sea Research Part II 49,
219-236.

Battaglia, P., Andaloro, F., Consoli, P., Esposito, V., Malara,
D. et al., 2013. Feeding habits of the Atlantic bluefin tuna,
Thunnus thynnus (L. 1758), in the central Mediterranean
Sea (Strait of Messina). Helgoland Marine Research 67,
97-107.

Buesseler, K.O., Antia, A.N., Chen, M., Fowler, S.W., Gardner,
W.D. et al, 2007. An assessment of the use of sediment
traps for estimating upper ocean particle fluxes. Journal of
Marine Research, 65 (3), 345-416.

Castro, J.J., Santiago, J.A., Santana-Ortega, A.T., 2002. A gen-
eral theory on fish aggregation to floating objects: an al-
ternative to the meeting point hypothesis. Reviews in Fish
Biology and Fisheries 11, 255-277.

Consoli, P, Romeo, T., Battaglia, P., Castriota, L., Esposito, V.
et al., 2008. Feeding habits of the albacore tuna Thunnus
alalunga (Perciformes, Scombridae) from central Mediter-
ranean Sea. Marine Biology 155, 113-120.

Dempster, T., Taquet, M., 2004. Fish aggregation device (FAD)
research: gaps in current knowledge and future directions
for ecological studies. Reviews in Fish Biology and Fish-
eries 14,21-42.

Fricke, R., Eschmeyer, W., van der Laan, R., 2018. Catalog of fish-
es: genera, species, references. California Academy of Scienc-
es, San Francisco, CA, USA http.//researcharchive.calacade-
my.org/research/ichthyology/catalog/fishcatmain.asp

Medit. Mar. Sci., 21/1 2020, 47-51



Gjesaeter, J., Kawaguchi, K., 1980. A4 review of the world re-
sources of mesopelagic fish. FAO Fisheries Technical Paper
No. 193, pp 151.

Golani, D., 2005. Checklist of the Mediterranean fishes of Isra-
el. Zootaxa 947, 1-90.

Harry, R.R., 1953. Studies on the bathypelagic fishes of the
family Paralepididae. 1. Survey of the genera. Pacific Sci-
ence 7,219-249.

Kimura, M., 1980. A simple method for estimating evolution-
ary rates of base substitutions through comparative studies
of nucleotide sequences. Journal of Molecular Evolution
16, 111-120.

Klevjer, T.A., Torres, D.J., Kaartvedt, S., 2012. Distribution
and diel vertical movements of mesopelagic scattering lay-
ers in the Red Sea. Marine Biology 159, 1833-1841.

Kumar, S., Stecher, G., Tamura, K., 2016. MEGA7: Molecu-
lar Evolutionary Genetics Analysis version 7.0 for bigger
datasets. Molecular Biology and Evolution 33, 1870-1874.

Lourie, A., 1972. Distribution and abundance of larval fish
stages in the neuston and deep sea layers along the Med-
iterranean coast of Israel. MSc thesis, Tel Aviv University,
Israel (in Hebrew) pp. 85.

Mpytilineou, C., Politou, C.Y., Papaconstantinou, C., Kavadas,
S., D’ Onghia, G. ef al., 2005. Deep-water fish fauna in the
Eastern Ionian Sea. Belgian Journal of Zoology, 135(2),
229-233.

Olivar, M.P., Bernal, A., Moli, B., Pefia, M., Balbin, R. et al,,
2012. Vertical distribution, diversity and assemblages of me-
sopelagic fishes in the western Mediterranean. Deep-Sea Re-
search Part I: Oceanographic Research Papers 62, 53-69.

Papaconstantinou, C., 2014. Fauna Graeciac. An updated
checklist of the fishes in the Hellenic Seas, Monographs on
Marine Sciences, 7, Athens 2014, HCMR, 340 pp.

Peterson, M.L., Wakeham, S.G., Lee, C., Askea, M.A., Miquel,
J.C., 2005. Novel techniques for collection of sinking par-
ticles in the ocean and determining their settling rates. Lim-
nology and Oceanography-Methods 3, 520-532.

Medit. Mar. Sci., 21/1, 2020, 47-51

Potier, M., Marsac, F., Cherel, Y., Lucas, V., Sabatié, R. et al,,
2007. Forage fauna in the diet of three large pelagic fishes
(lancetfish, swordfish and yellowfin tuna) in the western
equatorial Indian Ocean. Fisheries Research 83, 60-72.

Robinson, C., Steinberg, D.K., Anderson, T.R., Aristegui, J.,
Carlson, C.A. et al., 2010. Mesopelagic zone ecology and
biogeochemistry—a synthesis. Deep-Sea Research Part I1
57, 1504-1518.

Stern, N., Weissman, A., Makovsky, Y., 2018. East and deep:
Range extension and depth record for the leopard-spotted
goby Thorogobius ephippiatus (Lowe, 1839)(Osteichthyes:
Gobiidae). Journal of Applied Ichthyology 34, 681-683.

St John, M.A., Borja, A., Chust, G., Heath, M., Grigorov, 1. et
al., 2016. A dark hole in our understanding of marine eco-
systems and their services: perspectives from the mesope-
lagic community. Frontiers in Marine Science 3, 31.

Sutton, T.T., Clark, M.R., Dunn, D.C., Halpin, P.N., Rogers, A.D.
et al., 2017. A global biogeographic classification of the me-
sopelagic zone. Deep-Sea Research Part I 126, 85-102.

Trull, T., Bray, S., Buesseler, K., Lamborg, C., Manganini, S.
et al., 2008. In situ measurement of mesopelagic particle
sinking rates and the control of carbon transfer to the ocean
interior during the Vertical Flux in the Global Ocean (VER-
TIGO) voyages in the North Pacific. Deep-Sea Research
Part 1155, 1684-1695.

Wang, F., Wu, Y., Chen, Z., Zhang, G., Zhang, J. et al., 2019.
Trophic interactions of mesopelagic fishes in the South Chi-
na Sea illustrated by stable isotopes and fatty acids. Fron-
tiers in Marine Science 5, 522.

Ward, R.D., Zemlak, T.S., Innes, B.H., Last, P.R., Hebert,
P.D.N., 2005. DNA barcoding Australia’s fish species. Phil-
osophical Transactions of the Royal Society B: Biological
Sciences 360, 1847-1857.

Whitehead, P.J.P., Bauchot, M.L., Hureau, J.C., Nielsen, J.,
Tortonese, E., 1984. Fishes of the North-eastern Atlantic
and the Mediterranean, Vol. 1, UNESCO, Paris.

51


http://www.tcpdf.org

