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Abstract

In October 2023 and April 2024, ecological monitoring was undertaken in brackish
waters of the North Sea Canal, a major shipping route linking the Port of Amsterdam
to the North Sea. Amongst the macrobenthic samples, four endemic and three non-
native mysid species were recorded, two of the latter for the first time in this locality. This
concerns the now globally distributed Delramysis holmquistae, and the Mediterranean
Diamysis lagunaris. Based on the spatial context, these specimens are highly likely to
have been introduced through human-mediated transport, with shipping providing
the most obvious entry path into the North Sea Canal. Both species were found in
fully artificial and in restored near-natural habitats, highlighting their versatility as
invasive species. Pictorial descriptions and complete keys for both species are included
in order to facilitate future assessments of potential range expansions.

Key words: Introduced species, keys to species, re-naturalized habitats, transoceanic
expansion, worldwide invasive species

Introduction

The North Sea Canal (NSC) at the NE-Atlantic coast of the Netherlands is known
to contain a high number of non-native species (Verleye et al. 2020) because it is a
major route for inland and maritime shipping. The canal itself, completed in 1876,
is mostly artificial, but in recent years some parts have been designed as “nature
friendly banks” with the aim of encouraging native biodiversity (Besteman 20006).
Native as well as non-native mysid species have been found in both the artificial
main channel and in these restored habitats. Duijts et al. (2021) recorded the
mysid Neomysis americana (S.1. Smith, 1873) in the NSC in 2021, a Western At-
lantic species first reported in European waters by Wittmann et al. (2012), namely
around the island of Schiermonnikoog in the Dutch Wadden Sea. This species has
been found in estuaries along the NE-Atlantic coast of Europe including the Neth-
erlands, Belgium, and France (Pezy et al. 2018; Brind’Amour et al. 2021; Kruijt
et al. 2021; Soors et al. 2022; Droual et al. 2024) and has therefore become well
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established in European waters. Two additional non-native mysids were discovered
in the NSC during surveys taken in October 2023 and April 2024, highlighting
the role of shipping routes for the dispersal of mysids, as previously known from
other crustacean taxa (Williams et al. 1988; Wolff 1999; Bij de Vaate et al. 2002;
Wittmann 2005; U.S. Geological Survey 2022).

Material and methods

Study area

In the frame of ecological monitoring, benthic samples were taken in estuarine
waters along the entire length of the North Sea Canal (NSC), a heavily trafficked
shipping route from the Port of Amsterdam to the North Sea. The canal (Fig. 1) has
a total length of 28 km, depths of 8-23 m, a bottom width of 170 m, and a sur-
face width of 270 m. The NSC also includes ten side canals and several ports. The
banks of the main canal are artificial, mainly consisting of rubble and sheet piling,
and the bottom of the canal is primarily silt with some shell fragments and empty
tube worm casings. In addition to sampling the main canal, side canals and ports
with mostly stony banks, some samples were taken along the canal at re-naturalized
habitats termed ‘NVO’ as an acronym for “Natuur vriendelijke oever”, translated
as ‘Nature Friendly Bank’. These habitats are open and connected to the main
canal. They are shallower (1 m), dominated by soft sediment, and bordered by
reeds. Only the banks of Assendelft and Spaarnwoude along canal-kms 8—10 were
specifically designed as NVOs. The banks of Zijkanaal C at km 10, Kleine Noorder
IJplas at km 19.5, and Hargergat in Zeeburg at km 28 are not entirely covered by
stones but also have some reed-vegetation, making them ‘nature friendly’ (Fig. 1).
Salinities were measured by Rijkswaterstaat along the main canal in 2023-2024
simultaneously with our sampling. Salinities in 1 m depth were 7 psu at canal-km
6 and 6 psu at km 12; bottom salinities in 15-20 m depth were 21 psu at km 6 and
19 psu at km 12 (data recalculated from Rijkswaterstaat, with permission).
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Figure 1. Map of the NSC area with records of three introduced mysid species taken in 2023/24. Coinciding points slightly displaced.

Kilometre markers 1-28 are given as series of dots indicating the distance from the North Sea. Map by Lotte Lubos, modified.
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Methods and definitions

In October 2023 and April 2024, the NSC was sampled for invertebrates using diverse
techniques, three of which yielded mysids: a boxcorer of 0.057 m* and a van Veen-grab
0f0.025 m* in the deeper main canal, and a pond net on the banks and in the re-natu-
ralized habitats. The samples were preserved in 96% ethanol. Laboratory methods and
definitions used for examination and description of mysid species are as in Wittmann
(2024). Body length (BL) was measured from tip of rostrum to terminal margin of
telson without spines. Note that expansion on slides makes the carapace appear broader
(but not longer) with respect to the shape in loco. Photos and drawings of sex-specific
features are labelled by symbols for females or males. The absence of such labels implies
absent or unapparent sex-specific differences. Artificial green colouring of microphoto-
graphs serves to increase the contrast in the online version.

The term ‘introduced’ is used for any non-native species in the canal, ‘invasive’
for introduced species with populations already established (repeatedly found)
here or elsewhere far from the natural range.

Results

The 2023/24 survey in the NSC (Fig. 1) yielded four mysid species native in the
North Sea and three introduced species, throughout in brackish water. The native
Neomysis integer (Leach, 1814) [i.e. not V. americana (S.1. Smith, 1873)] occurred
at canal-km 9.5, 10, 19.5, and 28, Mesopodopsis slabberi (Van Beneden, 1861) at
km 9.5 and 19.5, Schistomysis kervillei (G.O. Sars, 1885) at km 11, and S. spiritus
(Norman, 1860) at km 14. Among the introduced species, the Ponto-Caspian
invader Limnomysis benedeni Czerniavsky, 1882, occurred at km 10, 19.5, and 28;
the here first recorded invasive species Deltamysis holmquistae Bowman & Orsi,
1992, at km 6, 9.5, and 11, the introduced species Diamysis lagunaris Ariani and
Wittmann (2000), native in the Mediterranean, at km 9.5, 10, and 19.5. Five
species, namely Deltamysis holmquistae, Diamysis lagunaris, L. benedeni, N. integer,
and M. slabberi, occurred at NVOs but also in the main canal (Fig. 1), whereas
both Schistomysis species occurred only in more saline waters at the bottom of the
main canal. Judging from this comparatively small number of species, there was no
visible contingency between the native status of the species and the near-natural
status of the habitat. The West Atlantic invader N. americana was recorded in 2021
by Duijts et al. (2021) in the Side Canal H (km 18.5), but the present investiga-
tion did not yield any specimen in the NSC.

Genus Deltamysis Bowman & Orsi, 1992

Deltamysis holmquistae Bowman & Orsi, 1992
Figs 2—4

Material examined. NorTH SEa CaNAL ® 1 & ad. with BL 3.4 mm (most thoraco-
pods broken, on slides); Spaarnwoude, loc. code NVO-SW; 52.4367°N, 4.7057°E; 16
Oct. 2023; T. van Haaren leg.; canal-km 9.5, brackish water, shallow (<1 m), sandy
bottom, pond net; sample code 2023EASC00024 ¢ 1 € ad., 3.7 mm, with empty
marsupium, in 2 parts, 1 § subad., 3.8 mm (in vial); canal-km 11, Nauerna, loc.
code NZK-11-O;5 52.4306°N, 4.7368°E; 4 Oct. 2023; R. Vlierboom and S. Honcoop
leg.; depth 4 m, boxcorer; sample code 2023EASC00003.03 ¢ 1 © ad., 3.8 mm, with
empty marsupium, 1 & ad., 3.1 mm, 1 Q subad., 3.4 mm, 1 imm., 2.8 mm, in 2 parts
(in vial); canal-km 6, Velzen, loc. code NZK-06-O; 52.4541°N, 4.6749°F; 5 Oct.
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Figure 2. Deltamysis holmquistae from the NSC; & ad., 3.4 mm A & in toto, lateral, thoracopods 2—8 broken B cephalothorax, dorsal
C cephalic region, ventral D penis (pe) with spermatozoa (sz) and thoracic sternites 4-8, ventral; penis forced tightly against the sternites
by the cover glass E telson, dorsal. A—C, E objects artificially separated from background. Micrographs by K.J. Wittmann.

2023; R. Vlierboom and S. Honcoop leg.; depth 6 m, van Veen-grab; sample code
2023EASC00001.03.

Note. The present specimens fit well to the morphological scheme first published
by Bowman and Orsi (1992) and revised by Scripter et al. (2020) and Daneliya
(2023). Cornea dorsoventrally compressed by a factor of 1.2—-1.5. Exopod of maxilla
(Fig. 3E) with 2—4 barbed setae on distal half of lateral margin, proximal half bare.
Statoliths composed of fluorite. Figs 2, 3 provide the essential details for determina-
tion at species level. In addition, a dichotomous textual key to the four here acknowl-
edged species of the genus Deltamysis Bowman & Orsi, 1992, is given below.

Distribution. Bowman and Orsi (1992) first described this species from the
San Joaquin Estuary at the coast of California. Later the species was found in
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Figure 3. Deltamysis holmquistae from the NSC; & ad. with BL 3.4 mm (A-E, G-I) and @ subad., also 3.4 mm (F). A carapace expanded

on slide, pores indicated as dots are not to scale, dorsal B left male antennular trunk, dorsal C antenna, setae of antennal scale omitted,

ventral D mandibular palp E palp and exopod of maxilla, rostral F right thoracopod 2, rostral G right male pleopod 2, lateral = rostral
H right male pleopod 4, lateral I uropods, setae omitted, ventral.

shallow mixoeuhaline to anhaline waters of Texas, Florida, and Australia (Scripter
et al. 2020; Daneliya 2023). From their redescription based on Florida and Texas
materials, Scripter et al. (2020) concluded that the mysid Kochimysis pillaii Pana-
mpunnayil & Biju, 2007, from the SW-coast of India is to be considered a junior
subjective synonym of D. holmquistae. The published records of D. holmquistae
together with the present records from the E-Atlantic fit together to a circumtropi-
cal distribution between 37°S and 52°N (Fig. 4). Potential regions of origin of this
invasive species are considered in the ‘Discussion’.
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Figure 4. Worldwide distribution of Deltamysis holmquistae. Data from Bowman and Orsi (1992), Scripter et al. (2020), Daneliya (2023),

and present contribution.

Key to the species in the genus Deltamysis

Modified from Daneliya 2023.

1

Telson roughly trapezoid with continuously rounded, convex terminal margin; tel-
son length 0.9-1.3 times maximum width, spines only on distal 10-20% telson
length; paramedian pair of spines longest, neighbouring disto-lateral spines con-
tinuously decreasing in length laterally. Songkhla Lagoon system, southern Thai-
land....ocoiveriinnn, D. songkhblaensis (Yolanda, Sawamoto & Lheknim, 2019)
Telson trapezoid with truncate terminal margin with or without (Fig. 2E)
mid-terminal indentation, disto-lateral edges rounded; spines only on distal
20-35% telson length, paramedian spines (Fig. 2E) or laminae clearly shorter
than neighbouring spines..........ccccooiiiiiiii, 2
Telson elongate trapezoid with small mid-terminal indentation; telson length
1.5-1.6 times maximum width; exopod of maxilla densely setose almost all
along lateral margin. Australia: Northern Territory, Channel Island................
.............................................................................. D. nana (Murano, 1998)
Telson trapezoid with or without (Fig. 2E) mid-terminal indentation; telson
length 1.1-1.4 times maximum width; exopod of maxilla (Fig. 3E) with 0-5
barbed setae on distal half of lateral margin, proximal half bare.................... 3
Eyes large (Fig. 2A, B); cornea calotte-shaped (Fig. 1B) in dorsal view, ovoid
(Fig. 1A) in lateral view, maximum length of the ovoid exceeds length of terminal
segment of antennular trunk; telson (Fig. 2E) trapezoid with rounded disto-lateral
edges; terminal margin transverse, not emarginated, with 2-3 medium-sized para-
median spines flanked by 1-2 pairs of larger spines; subterminal lateral spines lon-
ger than preceding lateral spines. Estuarine circumtropical invader between 37°S
and 52°N, probably native in the Indo-Pacific........ccccceveuricuniciniiricinicnicicinieen,
................................................................ D. holmquistae Bowman & Orsi, 1992
Eyes large; maximum length of the ovoid cornea (lateral aspect) shorter than
length of terminal segment of antennular trunk; telson roughly trapezoid with
weakly emarginated terminal margin; shallow indentation all along furnished
with seven short laminae; disto-lateral edges each with one large spine flanking
the cleft; subterminal lateral spines shorter than preceding lateral spines. Australia,
New South Wales: Clarence River mouth, Yamba...... D. lowryi Daneliya, 2023
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Genus Diamysis Czerniavsky, 1882

Diamysis lagunaris Ariani & Wittmann, 2000
Figs 5-7

Material examined. NorTH SEA CanaL® 11 Q9 ad. with BL 5.7-7.0 mm, 2 33 ad.,
5.7—6.0 mm, 3 subad., 12 imm. (damaged, in vial), 1 3 ad., 6.2 mm (most thoraco-
pods broken, on slide); Spaarnwoude, loc. code NVO-SW; 52.4367°N, 4.7057°E; 16
Oct. 2023; T. van Haaren leg.; canal-km 9.5, shallow (<1 m), sandy bottom, pond net;
sample code 2023EASC00024 ¢ 2 9% ad., 9.2-10.2 mm, 1 & ad., 7.2 mm, 1 imm., 3
juv. (well-preserved, in vial); 23 Apr. 2024; T. van Haaren and J.I. Knetsch leg.; sample
code 2024EASD00029; remaining sampling data as for preceding ® 1 & ad., 6.1 mm
(most thoracopods broken, in vial); Buitenhuizen, Assendelft, loc. code NVO-AD;
52.4363°N, 4.7178°E; 10 Oct. 2023; T. van Haaren leg.; canal-km 10, shallow (<1
m), sandy bottom, pond net; sample code 2023EASC00025 © 2 33 ad., 7.0-7.3 mm,
1 9, 9.3 mm, carrying 27 damaged nauplioid larvae (adults well-preserved, on slides);
22 Apr. 2024; T. van Haaren and ].I. Knetsch leg.; sample code 2024EASD00030;
remaining sampling data as for preceding ® 1 spec. with head missing; Kleine N'IJplas
west side, loc. code KNIJP2-Ow, 52.4179°N, 4.8632°E; 18 Apr. 2024; T. van Haar-
en leg.; canal-km 19.5, shallow (<1 m), pond net; sample code 2024EASD00033
* 1 spec.; Kleine N'IJplas south side, loc. code KNIJP-Oz, 52.41711°N, 4.86044°E;
sample code 2024EASD00028; remaining sampling data as for preceding.

Diagnosis. Modified from Ariani and Wittmann (2000) in order to include the
large-sized specimens of the NSC (size comparison given below). Forward directed
disto-mesial lobe (arrow in Fig. 6B) above inner flagellum of male antennular trunk
less than half as long as basal width of flagellum. Antennula with well-developed ap-
pendix masculina (Fig. 6B). Cornea occupies 50—-70% of the length of eyestalk (Fig.
5E). Eyestalks with strongly developed fenestra paracornealis (arrow in Fig. 5E), even if
not always well visible in poorly pigmented stalks. Carapace (Fig. 6A) without fringes
in both sexes. Distal segment of maxillary palp with 5-25 denticles (Fig. 6C). Basal
segment of thoracic exopods 1-8 with outer corner mostly spiniform (Fig. 6E), though
less frequently rounded in exopods 5-8. Carpopropodus of thoracic endopods 3-8
with 3-2 (4), 2-3, 2-3, 2-3, 2, and 2-3 segments (Fig. 6D, E); tarsus comparatively
slender with slender styliform claw. Carpopropodus of endopod 3 (Fig. 6D) with basal
segment 2.9-3.7 times as long as its maximum width. Basal segment not longer than
remaining segments combined in carpopropodites 3 with more than two (Fig. 6D)
segments. Penes (Fig. 6F) with all or with most setae smooth, with few barbed setae, if
any. Exopod of male pleopod 4 is 2-segmented (Fig. 6H), basal segment distally with a
smooth seta, occasionally accompanied by a small, barbed seta. Scutellum paracaudale
(Fig. 5D) well-rounded to biconvex with rounded to acute edge. Statoliths composed
of vaterite. Telson (Fig. 5F) trapezoid to subtriangular, length 1.1-1.5 times maximum
width; maximum width 1.8-2.7 times that at apex. Each lateral margin all along with
6-16 spines decreasing in length from basis to about half telson length and from there
increasing in length distally. Terminal margin of telson with pair of large disto-lateral
spines flanking a deep cleft penetrating 11-19% telson length; cleft with distinctly
convex lateral margins forming an angle of < 90°; margins all along armed with lami-
nae. Telson with totals of 14-34 spines and 9—26 laminae.

Note. Body length of adults is 6-10 mm in females (n = 14) and 6-7 mm
in males (n = 6) in brackish waters of the NSC at 52°N in the North Sea ver-
sus 5—7 mm in females (n = 1236) and 4-6 mm in males (n = 617) at the type
locality in the mixoeuhaline to weakly metahaline lagoon Lago di Caprolace at
41°N in the Tyrrhenian Sea (Ariani and Wittmann 2000). On the average larger
adult sizes in colder climates is a normal feature in Mysidae (Wittmann 1984).
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Figure 5. Diamysis lagunaris from the NSC; & ad., 7.3 mm (A), % ad., 6.9 mm (B), 6.5 mm (C), 6.6 mm (D), 6 mm (E) and &' ad.,

6.2 mm (F). A & in toto, lateral B Q in toto, most thoracopods broken, lateral C € in toto, left antennula and antenna broken, dorsal

D caudal margin of pleomere 6 with anal bulge (#6) and basis of endopod of uropod (ex), dashed line enhances contour of scutellum

paracaudale (sc), lateral E right eye, arrow points to fenestra paracornealis, dorsal F telson, dorsal. A—C, E-F objects artificially separated

from background. Micrographs by K.J. Wittmann

Fenestra paracornealis with 1-5 free ommatidia in series along the margin of the
cornea but not integrated in the cornea (arrow in Fig. SE). Figs 5, 6 show the es-
sential details of the present specimens for determination at species level. In addi-
tion, a key to the currently acknowledged 14 species plus two non-nominotypical
subspecies of the genus Diamysis is given below.

Distribution. Type locality of D. lagunaris is the Lago di Caprolace at the Lazio
coast, Tyrrhenian Sea. Other published Mediterranean records cover Aegean, Sar-
dinian and Ligurian seas, the Strait of Messina, Gulf of Lion, and the Baleares
(Ariani and Wittmann 2000; Wittmann and Ariani 2012). Published NE-Atlantic
records extend from the Gulf of Cidiz to the south and west coasts of Portugal (as
D. babirensis in Drake et al. 1997; Cunha et al. 2000; San Vicente and Munilla

Karl J. Wittmann et al. (2024), Aquatic Invasions 19(4): 413-429, 10.3391/ai.2024.19.4.141425 420
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Figure 6. Diamysis lagunaris from the NSC; @ ad., 6 mm (A), I ad., 6.2 mm (B-D, F), 7.3 mm (E), 7.0 mm (G), 6 mm (H) and ¢ ad.,
9.3 mm (I). A carapace expanded on slide, pores indicated as dots are not to scale, dorsal B left male antennular trunk, dorsal, arrow points
to disto-mesial lobe C maxillary palp, setae omitted D tarsus of thoracic endopod 3 E thoracopod 6, caudal F penis G male pleopod 3,
frontal = lateral H male pleopod 4 in a smaller specimen compared with (G), most setae broken, frontal I uropods, setaec omitted, ventral.

20005 as D. lagunaris in Wittmann and Ariani 2012). The present records extend
the known Atlantic distribution northward to the Dutch coast of the North Sea
(Fig. 7). Potential native versus introduced status of populations is considered in
the ‘Discussion’.

The normal salinity range is 14-49 psu. Only two positive samples were pre-
viously known from oligohaline waters (S = 2-3 psu), namely from different

Karl J. Wittmann et al. (2024), Aquatic Invasions 19(4): 413-429, 10.3391/ai.2024.19.4.141425 421
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Figure 7. Distribution of Diamysis lagunaris. Modified and updated from Wittmann and Ariani (2012).

stations in the Rhone Delta on the Mediterranean coast of France (Wittmann
and Ariani 2012). The records in the re-naturalized sites of the NSC were made
before (10-16 Oct. 2023) as well as after (22-23 Apr. 2024) 5 Jan. 2024 when
the near-surface salinity was < 2 psu. This makes it plausible but not definite that
the mysids were exposed to and had survived oligohaline conditions in winter.
Among the currently acknowledged 14 species of Diamysis, ten species are Med-
iterranean endemics (among these, D. cymodoceae is also found in the Marmora
Sea and the southern Black Sea; D. lagunaris also found in the NE-Atlantic)
as well as one each from the Pontian, Ponto-Caspian, Caspian, and W-Indian
Ocean plus Red Sea.

Key to the species and subspecies in the genus Diamysis

Modified and updated from Wittmann and Ariani 2012.

I Distal segment of maxillary palpus without denticles. Exopod of male pleo-
pod 4 with only one modified, strong seta at tip. Basal segment of thoracic
exopods with outer corner rounded. All pereiopods with 2-segmented, slender
carpopropodus; claw long and slender. W-Indian Ocean and Red Sea, marine

COASEAL 1ttt e e e D. frontieri H. Nouvel, 1965
— Distal segment of maxillary palpus with distinct denticles (Fig. 6C). Exopod of
male pleopod 4 with 1-3 (rarely 4) setae.......ccececuviircciniiiiniincicecens 2

2 Exopod of male pleopod 4 with only one modified, strong seta at tip (Fig. 6H).
Thoracic endopods 3 and 4 with 2- to 3-segmented, stout carpopropodus; car-
popropodus 3 shorter than 5 times its maximum width; claw short and strong.
This carpopropodus with basal segment longer than remaining segments com-

— Exopod of male pleopod 4 with a large seta (and rarely an additional, minute
seta) at tip, and 1-2 smaller setae at penultimate segment (Fig. 6H). Thoracic
endopods 3 and 4 with 2- to 4-segmented, slender to moderately stout carpo-

Karl J. Wittmann et al. (2024), Aquatic Invasions 19(4): 413-429, 10.3391/ai.2024.19.4.141425 422
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propodus; carpopropodus 3 longer than 5 times its maximum width (Fig. 6D);
thoracic endopods generally with long and slender claw (strong claw only in
endopod 7 (6) of D. bacescui) ..........c.coeuvuevueuiiiniiciniiiiiiiiiiciceeeeeas 4
Eyes short and thick, cornea about 80-100% the length of eyestalk in dorsal
view. Telson subtriangular, maximum width about 2.7 times that at apex; cleft
narrow, forming a distinct incision, armed with about six laminae. Caspian
Sea, coastal .....ooiiieiiiiiiiiiecee e D. pusilla (G.O. Sars, 1907)
Cornea 70-80% the length of eyestalk. Telson subquadrangular, maximum
width 1.7-2.0 times that at apex; cleft wide and extremely shallow, armed
with 20-31 laminae. Carapace without fringes in both sexes. Lakes and river
systems of the Caspian, Black, and Azov seas, freshwater............ocoeeiiin.
................................................................... D. pengoi (Czerniavsky, 1882)
Cornea small, about 40% the length of eyestalk. Exopod of male pleopod 4
more often 3-segmented than 2-segmented. Carpopropodus of 3™ thoracic
endopod 3—(4)-segmented; if 3-segmented with basal segment longer than re-
maining segments combined. Carapace without fringes in both sexes. Brack-
ish-water dolinas at the Ionian coast of Apulia (southern Italy), in part subter-
FANEAN c.evvvviiieeeeeeeeeererrrieeeeeeeeeerernnns D. camassai Ariani & Wittmann, 2002
Eyes normal. Exopod of male pleopod 4 usually 2-segmented, rarely 3-seg-
mented. Carpopropodus of thoracic endopod 3 is 2- to 4-segmented; if more
than 2-segmented, with basal segment not longer than remaining segments
combined (Fig. 6E). Carapace with or without fringes ..........cccececeveinninns 5
Basal segment of thoracic exopods with outer corner spiniform (Fig. 6E) or
occasionally rounded in some of the posterior exopods. Thoracic endopods
4-8 with 3- or 2-segmented carpopropodus...........cccevvueiiiiiniiiiiiiiiieene 8
Basal segment of thoracic exopods with outer corner rounded or occasionally
spiniform in some of the anterior exopods. Thoracic endopods 5-8 exclusively
with 2-segmented carpopropodus (Fig. 6E); endopod 4 with 2-segmented or
rarely 3-segmented carpopropodus............cceveviiiiiiniiiiiii 6
Scutellum paracaudale produced into a large spiniform process. Carapace lined
by small fringes along posterior margin in males, smooth in females. Appendix
masculina 110-200% the length of terminal segment of antennular peduncle.
SW-Mediterranean plus southern and eastern coasts of Sicily, poly- to euhaline
lagoons, also marine coastal............cccc.c....... D. bahirensis (G.O. Sars, 1877)
Scutellum paracaudale relatively short, terminally rounded (Fig. 5D) or point-
ed. Carapace without fringes in both sexes (Fig. 6A). Appendix masculina 80—
120% the length of terminal segment of antennular peduncle. Coastal waters
of the Levantine Sea........ccccvveiiiiiiiiiiiiiiniiiciccceeeeeeees 7
Cornea small, 40-60% the length of eyestalk in dorsal view. Appendix mascu-
lina pointing obliquely backwards; this appendix is only 80-90% the length of
terminal segment of antennular peduncle. Telson with lateral margins straight,
maximum width 2.2-2.6 that at apex. Northern coast of Sinai, metahaline
lagoon .......cceeviiiiiiciiiice D. sirbonica Almeida Prado-Por, 1981
Cornea large, 70-90% the length of eyestalk. Appendix masculina pointing
obliquely forwards; this appendix 90-120% the length of terminal segment
of antennular peduncle. Telson with lateral margins slightly but distinctly si-
nusoid, maximum width 2.0-2.3 that at apex. Mediterranean coast of Israel,
freshwater to oligohaline stream ........ D. hebraica Almeida Prado-Por, 1981
Thoracic endopod 7 and less distinctly also endopod 6 with stout carpus and
strong claw, well contrasting with remaining pereiopods. Carapace with small
fringes in (para)median position in males, but without fringes in females. Telson
subtriangular to subquadrangular, apical cleft with 7-15 laminae. Mediterranean
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(Tyrrhenian, Adriatic, Aegean, and Levantine seas), marine coastal; most fre-
quently in Posidonia beds ...................... D. bacescui Wittmann & Ariani, 1998
All pereiopods with normal carpopropodus and slender, styliform claw. Telson
subquadrangular to subtriangular; its apical cleft with 8-35 laminae (Fig. 5F;

numbers differ between individuals and between taxa) ........cc..cooveeeveeennnnne. 9
Eyestalks normal; fenestra paracornealis poorly developed, mostly missing.
Scutellum paracaudale subtriangular, with acute or rounded apex.............. 11

Eyestalks dorsally with well-developed fenestra paracornealis (Fig. 5E), even if
not always well visible in poorly pigmented eyestalks. Scutellum paracaudale
(Fig. 5D) well rounded or biconvex with rounded to acute apex. Carapace
without fringes in both sexes (Fig. 6A). Thoracic endopods 5-7 with 2-seg-
mented carpopropodus (Fig. 6E) .......ccccccoiiiiiiiiiiiiiiiic 10
Apical cleft of telson penetrates 11-19% telson length (Fig. 5F); cleft with dis-
tinctly convex lateral margins forming an angle of < 90°. Forward directed dis-
to-mesial lobe (arrow in Fig. 6B) above inner flagellum of male antennular trunk
less than half as long as basal width of flagellum. Penes with all or with most
setae smooth (Fig. OF), with few barbed setae, if any. W- and E-Mediterranean,
NE-Atlantic coasts from the Gulf of Cadiz to just recently the North Sea (Fig.
7); in oligo- to metahaline waters, mainly in poly- to mixoeuhaline lagoons, also
coastal marine..........cococoveviiiiniiiinnnns D. lagunaris Ariani & Wittmann, 2000
Apical cleft of telson penetrates only 7—12% telson length; cleft with almost
straight lateral margins forming an angle of 110-150°. Forward directed dis-
to-mesial lobe above inner flagellum of male antennular trunk half as long as
basal width of flagellum. Penes with barbed setae only. So far known only from
the freshwater Lake Scutari close to the SE-coast of the Adriatic Sea (the lake lies
on the border of Albania and Montenegro) ............ D. lacustris Bicescu, 1940
Carapace with shallow to inconspicuous, mid-dorsal posterior emargination.
Male carapace without fringes, or in certain taxa with small fringes in (para)
median position; no fringes at all in females. Thoracic endopods 4-7 with 2-
or 3-segmented carpopropodus. Appendix masculina 80-120% the length of
terminal segment of antennular peduncle (as in Fig. 6B) .........ccccccceiiinns 12
Carapace with deep posterior emargination. Posterior half of male carapace furry
due to relatively large fringes on both sides, but no fringes in median position;
no fringes in females. Thoracic endopods 4—7 with 2-segmented carpopropodus.
Appendix masculina 100-200% the length of terminal segment of antennular pe-
duncle. E-Mediterranean (Adriatic, Ionian, and Aegean seas), Sea of Marmora, and
SW-Black Sea; mainly in marine vegetation stands, also in meso- to metahaline

estuaries and lagoons ............cccueeee. D. cymodoceae Wittmann & Ariani, 2012
Carapace with fringes in males, without fringes in females ......................... 15
Carapace without fringes in both sexes (Fig. 6A) ......ccccoeviniiniinncnnne. 13

Thoracic endopods 3-8 with distally smooth paradactylary setae in both sexes.
Thoracic endopod 5 with 3-segmented carpopropodus. Exopod of male pleop-
od 4 is 2-segmented, with only one (more or less distinctly) barbed seta at basal
segment. Black and Azov seas, coastal, brackish lagoons..............cccocciiiil,
............................................................. D. mecznikowi (Czerniavsky, 1882)
Thoracic endopod 3 and often also endopod 8 with at least one among the four
paradactylary setae distally pectinate in females, smooth or pectinate in males.
Endopod 5 with 2- or 3-segmented carpopropodus. Exopod of male pleopod
4 usually 2-segmented, with smooth seta on basal segment (as in Fig. 6H); in
certain populations occasionally with an additional barbed seta, or with addi-
tional segment. E-Mediterranean, D. mesohalobia Ariani & Wittmann, 2000

(3 SUDSPECIES) .ot 14
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14 Thoracic endopods 3-8 relatively short; endopod 8, when stretched anteriorly,
extending to basis of endopod 1 or up to mandibles. Endopods 3-8 stout to
moderately slender; endopod 6 is 3.9-6.8 times as long as wide. Endopod 5
with 3- or less frequently 2-segmented carpopropodus. Exopod of male pleo-
pod 4 is 2-segmented, with only one smooth seta on basal segment (as in Fig.
6H). Adriatic, Aegean, and Levantine seas, in mesohaline karstic springs and
in mesohaline to (mixo)-euhaline lagoons and estuaries...........cccocvrieinininen,
............................ D. mesohalobia mesohalobia Ariani & Wittmann, 2000

— Thoracic endopods 3-8 relatively long; endopod 8, when stretched anteriorly,
extending up to the labrum or even the eyes. Endopods 3-8 slender; endopod
6 is 5.6-9.1 times as long as wide. Endopod 5 with 2- or rarely 3-segment-
ed carpopropodus. Exopod of male pleopod 4 normally 2-segmented, with
smooth seta at basal segment; or occasionally 3-segmented in large males, with
distally barbed seta at median segment. Adriatic and Ionian seas, in marine
embayments and in mesohaline to mixoeuhaline lagoons and estuaries; also
known from one oligohaline spring...........ccccooviiiiiniiiie
................................. D. mesohalobia gracilipes Ariani & Wittmann, 2000

15 Carapace of males with numerous small fringes in paramedian position and in a
traverse row shortly in front of the posterior margin. Thoracic endopods 3-8 of
intermediate length; endopod 8, when stretched anteriorly, extending to maxil-
lae or at most to labrum. Endopods 3-8 stout to slender; endopod 6 is 4.5-7.9
times as long as wide. Thoracic endopod 5 with 2- or less frequently 3-segment-
ed carpopropodus. Exopod of male pleopod 4 is 2-segmented, with smooth seta
and occasionally an additional barbed seta on basal segment. Adriatic, Ionian,
and Marmora seas, mainly in oligo- to metahaline lagoons (including polyha-
line open coasts of the Sea of Marmora) and oligo- to mesohaline estuaries..D.
mesohalobia heterandra Ariani & Wittmann, 2000

— Carapace of males with numerous small fringes in paramedian position, no
fringes near posterior margin of carapace. Thoracic endopods 3 and 8 with
paradactylary setae smooth or pectinate in both sexes. Thoracic endopod 5
with 2- or 3-segmented carpopropodus. In tributaries of the N-Adriatic Sea,
up to 16 m altitude, mostly in freshwater, also oligohaline, rarely mesohaline
D. fluviatilis Wittmann & Ariani, 2012

Discussion

Range expansion of Deltamysis holmquistae

Upon first description of D. holmgquistae from the coast of California, Bowman and
Orsi (1992) discussed that this species may have been introduced into the E-Pacific
bug, at that time, they did not know the possible origin. Scripter et al. (2020) reported
findings from Florida and Texas and included materials from southern India by syn-
onymization of Kochimysis pillaii Panampunnayil & Biju, 2010. Scripter et al. (2020)
proposed that the Florida and Texas populations may have been introduced through
human-mediated means, likely due to maritime commerce. They discussed a N-In-
dian Ocean or NW-Pacific origin, but there was some uncertainty. Daneliya (2023)
presented the first records for Australia and argued that this species could be originally
Indo-Pacific and introduced in Pacific and Atlantic waters of North America. With
the present first records (Fig. 4) from the E-Adantic, a circumtropical distribution is
now confirmed for this strongly expansive species, covering tropical to cold temper-
ate waters of the Atlantic, Indian Ocean, and Pacific. Apart from its role as invasive
species, no direct negative effects on the environment have been documented so far.
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Range expansion of Diamysis lagunaris

Diamysis lagunaris was first described by Wittmann and Ariani (2000) from shal-
low waters in poly- to metahaline lagoons and in marine coastal environments of
the W-Mediterranean. In the same year, Cunha et al. (2000) reported this species
as D. bahirensis (sensu lato) from an oligohaline to mixoeuhaline canal of the la-
goon Ria de Aveiro at the coast of Portugal, and proposed that this species has pos-
sibly reached the NE-Atlantic coast by an anthropogenic transfer from W-Med-
iterranean lagoons. Wittmann and Ariani (2012) added records from Crete and
the Baleares, suggesting that D. lagunaris shows a high expansion potential, as it
is capable of crossing small sea basins. They also demonstrated a chain of records
(Fig. 7) from the Mediterranean coast of France around the Iberian Peninsula to
the coast of Portugal through new sampling and the revision of previously pub-
lished species assignments (Drake et al. 1997; Cunha et al. 2000; San Vicente and
Munilla 2000). Based on this evidence, they did not exclude a native status of the
NE-Atlantic populations. The new records in the NSC are more than 2500 km
away from the nearest published record in Portugal (as measured along the coast),
which is more suggestive of an introduction through anthropogenic influences
than it is of a natural range expansion.

Conclusion

The North Sea Canal is home to a large number of non-native species, and new
introductions are continually reported. Shipping has facilitated the transport of
many of these, including the two newly reported mysids described herein.
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