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ABSTRACT

Callinectes sapidus (Rathbun, 1896), native to the western Atlantic Ocean
and Gulf of Mexico, is a highly invasive species marked by adaptability
and aggressive predation. Over the last decade, its presence has surged
in the Mediterranean Sea, raising ecological and economic concerns.
The ANNOTATE project monitored C. sapidus utilising environmental
DNA (eDNA) during summer and fall 2024, in six inland tributaries of the
Marano and Grado Lagoon (Northern Adriatic, 16,364 ha). Sampling was
conducted monthly across a total of 48 sites, where water samples and
key environmental parameters were collected. eDNA from water samples
was analysed using a species-speci ¢ COIl barcoding gPCR assay to detect
C. sapidus. Preliminary results show strong adaptability, with the crab
detected in all tributaries up to 20 km upstream, thriving through signif-
icant temperature and salinity ranges, expanding its ecological niche.




INTRODUCTION
The Mediterranean Sea is a hotspot for biological invasions, with invasive alien species like the blue
crab (C. sapidus) threatening biodiversity and local sheries [1]. Introduced mainly via the Suez Ca-
nal and human activities, the blue crab has rapidly spread due to its euryhaline and thermohaline
characteristics and adaptability traits [2].

In 2023, it expanded rapidly in the Northern Adriatic after decades of absence, damaging shell-

sh stocks and disrupting ecosystems [3]. Early detection through eDNA allows fore cient, non-in-
vasive monitoring of its spread [4].

The ANNOTATE: eDNA monitoring of Callinectes sapidus into freshwater environment in Fri-
uli Venezia Giulia project, part of the iNEST initiative, applies eDNA techniques in Friuli Venezia
Giulia (FVG) to map the crab s distribution in lagoons and rivers. By linking its presence to envi-
ronmental factors, the project aims to support management strategies and serves as a model for
controlling invasive species elsewhere.

MATERIALS AND METHODS
The study focused on the Lagoon of Grado and Marano, a 16,364 ha estuarine system in FVG. Six tri-
butaries were sampled: Tagliamento, Stella, Corno, Ausa, Isonzo, and Brancolo. These rivers di er

hydrologically, supporting diverse habitats and fauna. Sampling sites were chosen at intervals of at
least 2 km between points to avoid overlap.

Sampling sites

Figure 1

Map of the Marano and Grado lagoon displaying the stations
monitored through eDNA (yellow). Visual elaboration
obtained with QGIS (version 3.10)
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Water samples (1.5 L) were collected at each of 48 sites from June to October 2024 (excluding Sep-
tember). Alongside water, environmental parameters (temperature, salinity, conductivity, dis-
solved oxygen, pH) were measured. Water was Itered into Sterivex Iters (0.45 m)and then stored
at 20 Cuntil analysis.

The DNA was extracted using established protocols and tested with species-speci c¢ hydrolysis
probe gPCR designed in our lab for a short region of the COI mitochondrial gene (<90 bp).
Detections were classi ed into three categories: strong evidence, when two or more technical rep-
licates were positive (Ct value 45); suspected presence, when only one replicate was positive; and
absent, when no replicates resulted positive.

RESULTS
C. sapidus eDNA was detected in all tributaries, with presence recorded up to 20 km upstream. En-
vironmental parameters varied, with temperatures ranging from 17.7 C to 21.5 C and salinity from
3.5 10°° ppm to 238 ppm. Strong evidence of presence was found in 27% of samples, with more fre-
quent detections near river mouths. No statistically signi cant correlations were found with tem-
perature or salinity, con rming its generalist adaptability.

DISCUSSION
eDNA monitoring provided e cient detection compared to conventional trapping. The method
o ers minimal invasiveness, cost-e ectiveness, and high sensitivity, especially useful for early de-
tection. The ndings stress active upstream migration, notable adaptability, and elevated risks for
native biodiversity. Ongoing monitoring should address seasonal dynamics, community-level im-
pacts, and physiological tolerances of C. sapidus.

CONCLUSION
The ANNOTATE project demonstrated eDNA s value for assessing and managing C. sapidus spread.
The blue crab shows high adaptability, posing risks to freshwater biodiversity. Proactive manage-
ment and further research are essential for containment and impact mitigation in FVG and similar
contexts.
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