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An account of bacterial-induced luminescence
in the Ponto-Caspian amphipod
Pontogammarus maeoticus (Sowinskyi, 1894),
with an overview of amphipod
bioluminescence

Bioluminescence is encountered among various phyla of liv-
ing organisms and is prevalent especially in the ocean,
where it serves in food location, mate attraction and defence
against predators (Widder 2010). Within the subphylum
Crustacea it has been reported in several groups such as os-
tracods, copepods, amphipods, mysids, euphausiaceans and
decapods (Herring 1985). In amphipods, bioluminescence
was observed in relatively few species, mainly in marine
habitats. Its causes are diverse and it manifests itself under
various patterns and colours (Bowlby et al. 1991, Bowman
1967; Herring 1967; Parker 1999). In the case of the family
Gammaridae it has been reported only in the ma-
rine/brackish water species Gammarus aequicauda (Martynov,
1931) (Petrus 1993). Here we report the second documented
occurrence of bioluminescence in a brackish water amphi-
pod, as well as the second occurrence of the phenomenon in
gammarids.

Light-emitting amphipods were observed at two different dates and
locations (30 km apart) on the shores of the Black Sea, close to the
river mouths of the Danube, SE Romania (September 9, 2018, beach
in Sfantu Gheorghe village, 44°53'29.7'N 29°37'20.2"E; July 9, 2019,
beach in Sulina town, 45°08'32.0"N 29°40'57.2"E). The animals were
detected during the night in shallow water. Specimens were ob-
served in 5 ml plastic tubes or Petri dishes. In both cases several doz-
en animals where preserved in 96% ethanol and identified using the
keys in Caradusu et al. (1955). Photographs were taken with a tripod-
mounted Canon EOS 1300D DSLR camera with a Canon EF-S 18-
55mm f/3.5-5.6 IS II lens under the following settings: F-stop at 5.6,
30 seconds exposure time and ISO speed at 100. We also performed a
literature review to provide a list of unambiguous records of biolu-
minescent taxa and to explore the phylogenetic breadth of the phe-
nomenon in the Amphipoda.

The amphipods were observed to emit a constant greenish
glow which was roughly uniformly spread across the entire
body, although some parts were more radiant (Fig. 1). Indi-
viduals emitted the same colour hue regardless of sex or ma-
turity, with varying intensity from individual to individual.
The animals were sluggish and some were dying during the
observations. Additionally, die-outs were indeed observed
on the beach in Sulina. All individuals belonged to the
Ponto-Caspian endemic amphipod Pontogammarus maeoticus
(Sowinsky, 1894).

Our literature review indicates that bioluminescence was
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Figure 1. Bioluminescent Pontogammarus maeoticus collected at
Sulina, SE Romania. (A) Individuals photographed in a Petri dish.
Notice the individual variation in glow intensity. Scale bar = 1 cm.
(B) Enlarged photograph showing intra-individual variation in
glow intensity.

reported in 39 amphipod species (10 out of 223 families and
out of 13 infraorders). Its source is either autogenic, pro-
duced by the animals themselves, or bacteriogenic, caused
by infection with luminous bacteria (Bowman & Phillips
1984; Giard 1889; Herring 1981). In most species (31) the
cause was autogenic (marine pelagic families Cebocaridae,
Cyphocarididae, Megalanceolidae,
nectidae, Scinidae and Thoriellidae), in six it was bacterio-
genic (marine/freshwater littoral families Gammaridae, Hy-
alellidae, Talitridae), and in two it was unknown (Gammari-
dae, Talitridae) (Supplementary Information Table S1, avail-
able Figshare https:/ /doi.org/10.6084/m9.
figshare.11956548.v1). The highest percentage of biolumines-
cent species belonged to the infraorders Physosomata (56 %),
followed by Lysianassida (18%), Talitrida (15%), Gammarida
(5%) and Physocephalata (2.5%).

Pontogammarus maeoticus is a shallow-water, sand-
burrowing species, exhibiting high morphological variabil-
ity, and is widespread throughout the Ponto-Caspian realm
(Cardusu 1936). Despite being well-known, bioluminescence
has never been reported in this taxon. Our observation of a
constant uniform greenish light emitted by the entire body,
coupled with high mortality, strongly resembles the patterns
reported in other amphipod species that were infected with
bioluminescent bacteria (Giard 1889; Bousfield & Klawe
1963; Bowman & Phillips 1984). Therefore, we tentatively
conclude that the available evidence in this particular case
suggests bacteriogenic bioluminescence. However, addition-
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al studies are needed for a more robust conclusion. The fact
that we recorded observations in separate years indicates
that this is a regular phenomenon in this species. Indeed,
senior colleagues reported sighting luminescent amphipods
in this area for several decades (Alin David, Ioan Coroiu and
Florin Crisan, personal communication). Given that these
observations were made only during the warm season, it
would be of interest to investigate whether seasonality influ-
ences bioluminescence in this species.

Our literature review revealed that bioluminescence is a
rare phenomenon in amphipods, yet phylogenetically more
widespread. Autogenic bioluminescence is generated by or-
gans located on various parts of the body (especially on uro-
pods and pereopods) and has a wide variety of patterns and
colours (Bowlby et al. 1991, Bowman 1967, Herring 1967,
Parker 1999). It is exclusive to deep-sea pelagic taxa from the
infraorders Lysianassida, Physocephalata and Physosomata
(Lowry & Stoddart 2011, Vinogradov et al. 1996). Consider-
ing the current understanding of amphipod phylogenetic re-
lationships (Copilas-Ciocianu et al. 2020, Lowry & Myers
2017), it appears that autogenic bioluminescence evolved in-
dependently at least three times, possibly as a convergent
adaptation to dark pelagic waters. Bacteriogenic biolumines-
cence is rarer, being reported from talitroid or gammarid
species inhabiting different parts of the salinity gradient, and
is eventually lethal due to bacterial proliferation (Bousfield
& Klawe 1963, Bowman & Phillips 1984, Giard 1889, this
study). This type of luminescence is most likely determined
by specific biotic and/or abiotic circumstances rather than
phylogeny. Therefore, its occurrence could possibly be more
widespread than previously known.
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