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lish stable populations after its appearance (Kalfayan & 

Krieg-Jacquier 2018) and can adapt to colder climate (van 

Schalkwyk et al. 2014). Some details of the Hungarian occur-

rence and general biology of T. arteriosa suggest that its es-

tablishment is possible, e.g. eggs or larvae could survive the 

circumstances of travelling in winter (i.e. they can tolerate 

low temperature at least temporarily); larvae could develop 

to adults in an open waterbody under Hungarian climatic 

conditions (i.e. possible mating and reproduction); larvae 

could live together with those of an other large-sized drag-

onfly species (i.e. co-occurrence with a potential competitor 

and/or predator). As a conclusion, the occurrence of T. arte-

riosa in the Carpathian Basin draws the attention to the fact 

that, in certain conditions, the combined effects of climate 

change and human activities might speed up the range ex-

pansion of species. 
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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 Sfântu 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 Cărăuşu 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, Eupronoidae, Megalanceolidae, Mimo-

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 on 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 

(Cărăuşu 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-

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 Crișan, 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 (Copilaş-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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Low levels of genetic divergence among popu-

lations of Apathya yassujica  

(Squamata: Lacertidae) from Iran 
 

The Genus Apathya Méhely, 1907 is distributed in southeast-

ern Turkey, northern Iraq, Syria and western Iran with two 

taxa A. cappadocica and A. yassujica (Arnold et al. 2007, Nil-

son et al. 2003, Uetz & Hošek 2019). Molecular data showed 

an exceptionally high degree of intraspecific variability be-

tween populations of A. cappadocica (recognized as distinct 

subspecies) (Kapli et al. 2013). Apathya yassujica was original-

ly described from 30 km South-West Yassuj, Kohgiluye-va-

Boyerahmad Province, Iran (Nilson et al. 2003) and was re-

ported from different locations in the Zagros Mountains (e.g. 

Rajabizadeh et al. 2010, Karamiani et al. 2015). However, the 

phylogenetic position of A. yassujica is even more complex, 

as the species is nestled within A. cappadocica, which makes it 

paraphyletic (Kapli et al. 2013). Despite this, until now there 

has been no attempt to study the genetic intraspecific varia-

bility in A.yassujica in Iran. Here, we employ partial se-

quences of the mitochondrial cytb gene in order to measure 

genetic divergence among three distant populations of Ap-

athya yassujica in Iran. 

 
The current study is a part of an ongoing project which aims to pro-

vide amphibian and reptile specimens for regional museum collec- 

 
 

 
 

Figure 1. A- Distribution map of Apathya yassujica in Iran. The black 

star represents the type locality of Apathya yassujica. Circles repre-

sent the sites where specimens for the present study were caught, 

and black triangles represent previous records of A. yassujica in 

Iran. 1: Bazoft 2: Pire-Ghar; 3: 30 km SE of Yassuj. B- Habitat of Ap-

athya yassujica in Bazoft, 15 km NW of Chaman-Goli, Kaft-Kachuz 

defile, Chaharmahal and Bakhtiari Province, Iran. 
 

 

tions. Sampling was conducted under permission No 98/7554 of the 

Department of Environment of Chaharmahal and Bakhtiari Prov-

ince. Seven specimens from Pire-Ghar (32°12.971' N, 50°32.502' E) 

and Bazoft (32° 16.818' N, 49° 56.552' E), were collected both located 

in Chaharmahaland Bakhtiari Province (Fig. 1). Cooling followed by 

freezing was used for euthanasia (Shine et al., 2015) and the speci-

mens were deposited at Shahrekord University, Iran. We extracted 

whole genomic DNA from the liver of specimens using TNES buffer 

(400 mM NaCl, 100 mM EDTA, 50 mM Tris-HCl, pH 7.5, 0.5% SDS) 

and 5 μl of proteinase K (20 mg/ml) (Ahaniazad et al. 2018). Ampli-

fication of double-stranded fragments from the Cytochrome b (Cytb) 

was achieved by polymerase chain reaction (PCR) using the primers 

F1_Cytb (5'-TGA GGC CTG AAA AAC CAC CGT TG-3') (Oraie et al. 

2018) and Ei700r (5ʹ-GGGGTGAAA GGGGATTTTRTC-3ʹ) (Rastegar-

Pouyani et al. 2010). The PCR was carried out using WizPure™ PCR 

2X (Wizbiosolution), 1μL of each primer (10 μM stock), and ~100 ng 

of DNA template in a 20 μL reaction volume. The PCR cycles con-

sisted of an initial denaturation step at 95°C for 4 min, followed by 

36 cycles of denaturation at 95°C for 40 s, annealing at 54°C for 40 s 

and extension at 72°C for 90 s, and a final extension at 72°C for 10 

min. PCR products were then examined using gel electrophoresis on 

1.3% Agarose gel. PCR products showing strong bands in gel elec-

trophoresis were sequenced on an automated sequencer ABI 3730XL 

(Codon Genetic Group, Iran) according to standard protocols. 

 

Published six sequences of Apathya yassujica (KF003351-

KF003356) coming from 30 km South-East of Yassuj and five 

sequences of A. cappadocica urmiana (KF003346- KF003350) 
 

Figure 2. Statistical parsimony network analysis (TCS algorithm) 

based on 12 mtDNA Cytb sequences (280 bp) in three distinct pop-

ulations of Apathya yassujica. Circle size corresponds to haplotype 

frequency. Dashes at branches indicate the number of mutational 

steps. The black circle represents the hypothetical haplotype. H 1: 

HAC858, HAC859, HAC860 (Pire-Ghar); H 2: HAC864, HAC866 

(Bazoft); H 3: HAC867 (Bazoft); H 4: Ayus41, 42, 45, 46 (30 km SE of 

Yassuj); H 5: 44, 43 (30 km SE of Yassuj). 
 

 

(Kapli et al. 2013) were downloaded from GenBank 

(http://www.ncbi.nlm.nih.gov) and included in the final 

dataset. Since our sequences (627 bp) were longer than those 

available on NCBI, we used a minor homologous region in 

the alignment of this gene. However, we deposited the full 

627bp Cytb sequences in GenBank (HAC864:T007239; 

HAC866: MT007240; HAC867: MT007241; HAC858: 

MT007242; HAC859: MT007243; HAC860: MT007244). Mul-

tiple sequence alignments were generated using MAFFT v. 7 

(Katoh & Standley 2013) with default parameters and FFT-

NS-1algorithm. The mean genetic distances were estimated 

using the Mega X software (Kumar et al., 2018). A statistical 

parsimony network analysis was conducted using the TCS 




