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Abstract

The barnacle Austrominius modestus, native of New Zealand and Australia was
introduced to the South of England around 1943 and has since spread to most
coastal waters in Western Europe, including the southern North Sea. Apart from an
ephemeral incursion into the Danish Wadden Sea in 1978, since 2010 it has
established permanent populations capable of reproduction along the North Sea
coast of the Jutland peninsula, the Limfjord, the north-western Kattegat, and the
Skagerrak. It has probably invaded Danish waters by pelagic larvae originating in
the German Wadden Sea. The species has since spread to other Danish localities,
likely following the prevailing currents, but other means, as for instance transport
by vessels, are possible. The barnacle inhabits stones, stone-reefs, mollusk shells,
and live shore crabs in shallow waters. Based on hydrographical data from its native
and recently invaded areas, we predict its future distribution to extend to most coasts
of continental Europe except for brackish waters (< 20 PSU), and the Arctic seas.
The northernmost distribution limit may include the Lofoten Islands of Norway.

Key words: species distribution, Wadden Sea, Limfjord, Kattegat, Skagerrak, marine
invasive species

Introduction

The barnacle Austrominius modestus (Darwin, 1854) (earlier and more
widely known as Elminius modestus) is invasive to European waters. From
its native range, New Zealand and southern Australia, it has spread to
England in 1943 through ship hull fouling (Stubbings 1950). Soon
afterwards, it invaded all coasts of the British Isles, including the Shetland
Islands (Hiscock et al. 1978), Ireland, the Atlantic and Channel coasts of
France, and the Iberian Peninsula (Crisp 1958; Harms 1998). It has also
spread along the North Sea coasts of the Netherlands and Germany (den
Hartog 1953; K hl 1954, 1963; Harms and Anger 1983; Gollasch 2002;
O Riordan et al. 2020).
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Figure 1. Presences (filled circles) and presumed absences (open circles) of A. modestus in Danish
waters. The dashed line indicates the approximate position of the 20 PSU surface isohaline in
the Kattegat. Sites occupied by A. modestus south on the Danish-German border are not shown.
Numbers (1-17) refer to localities mentioned in the text (Remg habour 1; Ho Bay 2;
Hvidesande 3; Thorsminde, Nissum Fjord 4; Lgnstrup 5; Hirtshals 6; Oddesund West 7;
Jegindg Tap 8; Nykebing Mors habour 9; Aggersund 10; Gjgl 11; Hals 12; Leesg 13; Nordre
Renner 14; Hirtsholmene 15; Albaek 16; Anholt 17).

The German North Sea populations were expected to spread further to
the waters of Jutland, Denmark. There is a first, unconfirmed record from
the west coast of Jutland by Nilsson-Cantell (1978). The species made a
short-lived intrusion in 1978 into the Danish Wadden Sea, South of Esbjerg
(Theisen 1980) (Figure 1: 1 and 2), and an isolated record was made at the
eastern exit of the Limfjord into the Kattegat (Jensen 2009) (Figure 1: 12).
Since 2010 we have noted the presence of A. modestus in the Danish
Wadden Sea, and from 2011 its permanent presence in the western part of
the Limfjord (L tzen and Glenner 2015). In the present paper we report on
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its permanent occurrence not only in the other parts of this fjord, but also
along the western coast of Jutland, and along the north-western coast of
the Kattegat.

The purpose of the present investigation is to examine the invasive
pathway of A. modestus from its presence in the southern parts of the
German North Sea into Danish waters. Using ecological niche modeling
we aim to identify the limits of the worldwide distribution of the species
and predict its future distribution along the coasts of continental Europe.

Materials and methods

Species identification

Austrominius modestus might be confused with Semibalanus balanoides
(Linnaeus, 1767) which is also inhabiting the upper intertidal zone
(Southward 2008). Both species have membranous, uncalcified bases. The
best distinctive trait of A. modestus is that it has four compartmental plates
(carina, two laterals and fused rostrolaterals), whereas all other thoracican
barnacles occurring in Europe have six plates (Figure 2), except for a very
short period following larval settlement (Glenner and Hieg 1993). The
separation of the four plates is very distinctive, although in smaller
specimens it often needs verification with a magnifying glass. Another
characteristic of A. modestus is that each of the four plates usually have
bulging ridges extending slightly outward over the substrate, giving the
animal as viewed from above a star-shaped or wavy outline. Similar structures
may occur in S. balanoides, but here they are more irregular in number,
size and shape.

Study sites were investigated for the presence of A. modestus between
2010 and 2020. At most sampling sites we investigated several individuals
for their reproductive status. Measurements were taken from several
hundred individuals attached to crabs and stones. Sizes were measured as
rostro-carinal length. The material was observed and partially dissected in
the field and the material has therefore only been stored to a limited extent.
All examined localities in Denmark and Norway are presented in
Supplementary material Table S1. The investigated Danish sites are shown
in Figure 1.

Areas inspected.
Denmark.

The Danish coasts host only few rocky stretches, but there are many mixed
sand-rock beaches and scattered shore-based or subtidal stone-reefs that
provide a suitable substrate for A. modestus and other barnacles. Besides
these, we also surveyed many stony jetties around harbours. Since A. modestus,
when it occurs, is clearly restricted to near-surface substrata, we have
concentrated our efforts on the upper one meter. However, the barnacle may
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Figure 2. Native and invasive barnacles on the dorsal carapace of the European shore crab,
Carcinus maenas. A. Crab with solitary A. modestus. Crab with solitary Balanus crenatus.
C. Two A. modestus specimens at mating distance. D. Two Amphibalanus improvisus specimens
at mating distance and one solitary A. modestus specimen (green arrow). E. Mating group of
B. crenatus (red arrow) and several mating groups of A. modestus (green arrow) on the same
crab host. Photographs by Henrik Glenner.

also occur as epifauna on shore crabs (Carcinus maenas (Linnaeus, 1758))
(L tzen and Glenner 2015) in the Limfjord and descend several meters
with the host. A special study was conducted on the frequency of A. modestus
compared to other epibiontic barnacle species on shore crabs in the area.
In the Danish Wadden Sea, as well as elsewhere along the Danish coasts,
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