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Abstract We report a considerable range expansion of four Ponto-Caspian amphipod species 
in transitional waters along the southeastern Baltic Sea coast. Chaetogammarus warpachowskyi 
and Dikerogammarus haemobaphes were found for the first time in Latvia, the former being 
common along the coast, while the latter was encountered only in the port of Riga. This in- 
dicates a 400 to 600 km expansion along the coast, assuming an origin from the Curonian or 
Vistula lagoons. We also officially document an expansion for Chelicorophium curvispinum in 
Latvia of ca. 300 km until Riga, confirming recent unpublished records. Moreover, we document 
a second invasion route of Pontogammarus robustoides into Estonia from nearby Latvian waters 
by uncovering a population at the port of Pärnu. This species was previously known in Estonia 
only from the Gulf of Finland ( > 500 km from Pärnu). With the exception of D. haemobaphes , 
all newly recorded species were represented by various life-stages and ovigerous females, indi- 
cating viable populations. Overall, our findings reveal that Ponto-Caspian amphipods are much 
more widespread in the Baltic area than previously known and highlight the need for more 
stringent monitoring. 
© 2021 Institute of Oceanology of the Polish Academy of Sciences. Production and host- 
ing by Elsevier B.V. This is an open access article under the CC BY-NC-ND license 
( http://creativecommons.org/licenses/by-nc-nd/4.0/ ). 
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Alien Ponto-Caspian species are spreading at an in- 
reasing rate in European and North American fresh- 
nd brackish water habitats, sometimes with signifi- 
ant ecological and economic effects ( Bij de Vaate 
t al., 2002 ; Vanderploeg et al., 2002 ). Amphipod crus- 
aceans are perhaps the most diverse group of Ponto- 
aspian organisms ( Copila ̧s -Ciocianu and Sidorov, 2021 ), 
nd among the most common and successful aliens 
f Ponto-Caspian origin ( Bij de Vaate et al., 2002 ; 
uthbert et al., 2020 ). It is thought that their ecolog- 
cal plasticity, aggressiveness and high fecundity makes 
hem superior competitors, often driving populations of 
nces. Production and hosting by Elsevier B.V. This is an open access 
nses/by-nc-nd/4.0/ ). 
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ative species to extinction ( Arba čiauskas et al., 2013 ; 
ick and Platvoet, 2000 ; Grabowski et al., 2007a ; Šidagyt ė 
nd Arba čiauskas, 2016 ). 
The southeastern Baltic Sea region harbors eight alien 

onto-Caspian amphipod species originating from the river 
ouths and lagoons draining to the northwestern Black Sea. 
ost have spread naturally and/or by shipping after con- 
truction of artificial canals: some since or even before 
he early 20 th century ( Chelicorophium curvispinum (Sars, 
895) and Chaetogammarus ischnus (Stebbing, 1899)), 
hile others during the last decades ( Dikerogammarus 
aemobaphes (Eichwald, 1841), Dikerogammarus villosus 
Sowinsky, 1894) and Trichogammarus trichiatus (Martynov, 
932)) ( Arba čiauskas et al., 2011 ; Bij de Vaate et al., 
002 ; Grabowski et al., 2007b ; Rachalewski et al., 2013 ). 
n the 1960s, however, three species, namely Chaetogam- 
arus warpachowskyi (Sars, 1894), Obesogammarus crassus 
Sars, 1894), and Pontogammarus robustoides (Sars, 1894), 
ere deliberately introduced and successfully acclimatized 
n the Lithuanian Kaunas water reservoir, and then translo- 
ated into numerous Lithuanian water bodies as well as 
n the nearby countries such as Latvia, Estonia and Rus- 
ia ( Arba čiauskas et al., 2017 ; Ja żd żewski, 1980 ). From the
uronian Lagoon, the Ponto-Caspian amphipods have also 
ispersed along the sea coast naturally or via shipping. 
amely O. crassus and P. robustoides have dispersed west- 
ard, reaching Germany ( Bij de Vaate et al., 2002 ), the lat- 
er also making its way into the Netherlands ( Moedt and Van 
aaren, 2018 ), while C. curvispinum, C. warpachowskyi , 
nd P. robustoides have spread as far north as the Gulf of 
inland ( Berezina, 2007 ; Malyavin et al., 2008 ). 
Although Lithuania and Latvia are neighboring countries 

ith a somewhat similar history of Ponto-Caspian amphipod 
ntroductions, the latter harbors less species. Two of them, 
amely D. villosus and P. robustoides , are well-documented 
n both countries ( Arba čiauskas, 2008 ; Arba čiauskas et al., 
011 ; Grudule et al., 2007 ; Minchin et al., 2019 ; 
aidere et al., 2016 , 2019a ; Šidagyt ė et al., 2017 ). The
istribution of C. curvispinum is well known in Lithuania 
 Arba čiauskas, 2008 ; Arba čiauskas et al., 2011 ), whereas in 
atvia it was only reported from the P āvilosta port half a 
entury ago ( Nikolaev, 1963 ), and subsequent grey litera- 
ure records were reported only after 2014 ( Harju et al., 
018 ). The remaining species, C. warpachowskyi and O. 
rassus , are also relatively common in Lithuania, including 
ransitional waters ( Arba čiauskas, 2008 ; Arba čiauskas et al., 
011 ), yet in Latvian inland waters they have never been 
fficially documented (at least convincingly, see Discussion 
n O. crassus in Latvia). In Estonia the only known Ponto- 
aspian amphipods are C. curvispinum and P. robustoides , 
ccurring in a restricted area in the Gulf of Finland close 
o Russia ( Herkül et al., 2009 ). Both of these species are 
ery common in the Russian part of this gulf ( Berezina, 2007 ; 
alyavin et al., 2008 ). 
Considering the above, a noteworthy pattern emerges. 

lthough C. curvispinum, C. warpachowskyi, and P. robus- 
oides are present in the Curonian Lagoon and the Gulf 
f Finland, the first two were seldom, if at all, reported 
n between the two regions. Such a wide distribution gap, 
quivalent to almost the entire Estonian and Latvian coast- 
ine, is remarkable. This pattern could be either the result 
f long-distance dispersal (common in invasive species) or 
228 
n artifact related to insufficient distributional knowledge. 
ur study agrees with the latter possibility by revealing 
hat these amphipods are actually much more widespread 
han currently officially recognized, having expanded their 
anges hundreds of kilometers along the eastern Baltic Sea 
oastline. 
For this study, we collected material from 10 local- 

ties (mostly transitional waters) along the Baltic Sea 
oast in Latvia (8) and Estonia (2) on 11—14 August 2020 
 Table 1 ). Samples were collected using kick-sampling with 
 standard benthic hand net (1 mm mesh size). All avail- 
ble substrates and habitats were investigated up to a 
epth of 1.5 m. Amphipods were fixed in 96% ethanol 
n the field. Specimens were dissected under a Nikon 
MZ1000 stereomicroscope and identified using the keys 
n Bellan-Santini et al. (1982) and Copila ̧s -Ciocianu and 
idorov (2021) . Appendages were mounted on microscope 
lides in glycerol and photographed using a Nikon DS- 
i2 camera attached to a Nikon SMZ1000 stereomicro- 
cope. Previously known distribution data for the fo- 
al species was obtained from the relevant literature 
s well as the GBIF database ( https://doi.org/10.15468/ 
l.iddp60 ; https://doi.org/10.15468/dl.xmtnxw , accessed 
2—23 March 2020). 
Altogether we collected and identified 771 specimens 

elonging to seven amphipod species, five of which were 
liens of Ponto-Caspian origin ( C. curvispinum, C. warpa- 
howskyi, D. haemobaphes, D. villosus , and P. robustoides ), 
ne of North American origin ( Gammarus tigrinus Sexton, 
939), and one was native ( Corophium volutator (Pallas, 
776)) ( Table 1 ). We found that four Ponto-Caspian species 
 Figure 1 ) have expanded their previously published distri- 
ution ranges along the eastern Baltic Sea coast ( Figure 2 ). 
he new findings include the first records of C. warpa- 
howskyi and D. haemobaphes in Latvia, a new invasion 
oute of P. robustoides into Estonia, and an official docu- 
entation of C. curvispinum expansion along the Latvian 
oast. Below we expand on our findings. 
Our most unexpected discovery is that C. warpachowskyi 

 Figure 1 A) is rather common along the Latvian coast, de- 
pite that it was never reported from this country. The 
reviously known closest locality was in Lithuania, at the 
outh of the Šventoji River (5 km from the Latvian border) 

 Arba čiauskas et al., 2011 ). We encountered this species un- 
il the port of Riga, which reveals a substantial coastal range 
xpansion of ca. 400 km ( Figure 2 A). These populations 
ere clearly established since we found male and female 
dults at all four localities, including ovigerous females 
t three of them ( Table 1 ). Most likely C. warpachowskyi 
pread from the Šventoji river mouth or the Curonian La- 
oon naturally and/or via shipping. However, it could have 
lso spread downstream from the reservoirs on the Daugava 
iver where it was possibly introduced during the inten- 
ional stocking campaigns in the 1960s ( Arba čiauskas et al., 
017 ; Paidere et al., 2016 ). Nevertheless, despite recent 
ampling it has not been reported from the Daugava reser- 
oirs ( Paidere et al., 2016 , 2019a , current study). Gener- 
lly, C. warpachowskyi is among the least widespread alien 
onto-Caspian amphipods, mainly occurring in water bod- 
es where it was deliberately introduced during the second 
alf of the 20 th century ( Arba čiauskas et al., 2017 , 2011 ;
a żd żewski, 1980 ). 

https://doi.org/10.15468/dl.iddp60
https://doi.org/10.15468/dl.xmtnxw
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Figure 1 Identification characteristics of the Ponto-Caspian amphipods that expanded their ranges in the Baltics. Scale 
bar = 1 mm. A) Chaetogammarus warpachowskyi , B) Dikerogammarus haemobaphes , C) Pontogammarus robustoides , and D) Che- 
licorophium curvispinum . Abbreviations: a1 — antenna 1, a2 — antenna 2, g2 — gnathopod 2, p3 — pereiopod 3, p7 — pereiopod 7, 
u3 — uropod 3. 

Figure 2 Baltic distributions of A) Chaetogammarus warpachowskyi , B) Dikerogammarus haemobaphes , C) Pontogammarus ro- 
bustoides , and D) Chelicorophium curvispinum . Red dots and blue diamonds indicate records from the peer-reviewed literature and 
current study, respectively. 
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Table 1 Information about sampling localities, habitat and amphipod species collected. Country codes: EE — Estonia, LV —
Latvia. Species abbreviations: CC — Chelicorophium curvispinum , CV — Corophium volutator , CW — Chaetogammarus warpa- 
chowskyi , DH — Dikerogammarus haemobaphes , DV — D. villosus , GT — Gammarus tigrinus , PR — Pontogammarus robustoides 
(Ponto-Caspian species are shown in boldface). Specimen stages: ovig. — a subset of ovigerous females, juv. — juveniles. 

No. Locality Coordinates Date Habitat Species Number of specimens 

EE 1 Sillamäe, 
Sõtke stream 

mouth 

59 °23 ′ 56 ′ ′ N, 
27 °46 ′ 12 ′ ′ E 

11 August 
2020 

Depth: 0.1—1.5 m 

Substrate: stones, 
sand, detritus 

CC 

GT 
PR 

3 ♀ , 1 ♂ 

4 (2 ovig.) ♀ , 6 ♂ 

28 (12 ovig.) ♀ , 29 ♂ , 3 
juv. 

EE 2 Pärnu, Pärnu 
river mouth 

58 °23 ′ 17 ′ ′ N, 
24 °29 ′ 00 ′ ′ E 

11 August 
2020 

Depth: 0.1—0.4 m 

Substrate: stones, 
sand 

CV 
GT 
PR 

2 ♀ 

13 (8 ovig.) ♀ , 11 ♂ 

32 (17 ovig.) ♀ , 18 ♂ , 49 
juv. 

LV 1 Vitrupe, 
Vitrupe river 
mouth 

57 °38 ′ 13 ′ ′ N, 
24 °22 ′ 31 ′ ′ E 

11 August 
2020 

Depth: 0.1—0.5 m 

Substrate: sand, 
plants 

PR 8 (5 ovig.) ♀ , 8 ♂ , 4 juv. 

LV 2 Kegums 
Reservoir 

56 °44 ′ 21 ′ ′ N, 
24 °43 ′ 14 ′ ′ E 

12 August 
2020 

Depth: 0.1—1.5 m 

Substrate: stones 
PR 5 (2 ovig) ♀ , 2 ♂ , 6 juv. 

LV 3 Riga, Daugava 
river mouth 

57 °02 ′ 18 ′ ′ N, 
24 °02 ′ 22 ′ ′ E 

12 August 
2020 

Depth: 0.1—1.5 m 

Substrate: 
boulders, stones, 
sand, plants 

CC 

CV 
CW 

DH 

DV 

GT 
PR 

18 (6 ovig.) ♀ , 2 ♂ 

3 ♀ , 3 ♂ 

2 ♀ , 1 ♂ 

1 ♀ , 2 ♂ 

4 (2 ovig.) ♀ , 6 ♂ , 1 juv. 
3 ♀ , 1 ♂ 

30 (8 ovig.) ♀ , 15 ♂ , 32 
juv. 

LV 4 Kaltene, sea 
shore 

57 °27 ′ 34 ′ ′ N, 
22 °53 ′ 09 ′ ′ E 

12 August 
2020 

Depth: 0.1—0.5 m 

Substrate: stones, 
pebbles 

GT 
PR 

47 (26 ovig.) ♀ , 45 ♂ , 5 
juv. 
6 (1 ovig.) ♀ , 8 ♂ , 5 juv. 

LV 5 Ventspils, 
Venta river 

57 °22 ′ 58 ′ ′ N, 
21 °36 ′ 23 ′ ′ E 

13 August 
2020 

Depth: 0.1—1 m 

Substrate: sand, 
plants, detritus 

CC 

CV 
CW 

GT 
PR 

8 (2 ovig.) ♀ , 2 ♂ 

2 ♀ 

35 (27 ovig.) ♀ , 32 ♂ 

3 ♀ , 3 ♂ 

7 ♀ , 4 ♂ , 12 juv. 
LV 6 P āvilosta, 

Saka river 
mouth 

56 °53 ′ 17 ′ ′ N, 
21 °10 ′ 40 ′ ′ E 

13 August 
2020 

Depth: 0.1—1 m 

Substrate: stones, 
sand, plants, 
detritus 

CV 
CW 

DV 

GT 
PR 

5 (3 ovig.) ♀ , 3 ♂ , 1 juv. 
11 (9 ovig.) ♀ , 6 ♂ 

27 (15 ovig.) ♀ , 16 ♂ , 6 
juv. 
1 ♀ , 3 ♂ 

9 (2 ovig.) ♀ , 8 ♂ , 2 juv. 
LV 7A Liep āja, Lake 

Liep āja 
56 °30 ′ 30 ′ ′ N, 
21 °02 ′ 18 ′ ′ E 

14 August 
2020 

Depth: 0.1—1 m 

Substrate: stones, 
mud 

GT 22 (9 ovig.) ♀ , 16 ♂ 

LV 7B Baidzele, 
Lake Liep āja 

56 °28 ′ 08 ′ ′ N, 
21 °03 ′ 57 ′ ′ E 

14 August 
2020 

Depth: 0.1—1 m 

Substrate: sand, 
plants 

CW 

PR 

15 (11 ovig.) ♀ , 6 ♂ 

6 (3 ovig.) ♀ , 4 ♂ , 24 juv. 
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The appearance of D. haemobaphes in the port of 
iga ( Figure 1 B) is enigmatic since this species does not 
eem to occur anywhere along the Baltic coast eastwards 
rom Poland ( Figure 2 B). Few individuals have been re- 
ently recorded in Belarus, close to the Lithuanian bor- 
er ( Lipinskaya et al., 2021 ), and since 2019 viable pop- 
lations have been observed in the upper Lithuanian part 
f the Nemunas River, but never below the Kaunas Reser- 
oir (Šidagyt ė-Copilas and Copila ̧s -Ciocianu, in prepara- 
ion). Therefore, the most likely origin of the Latvian speci- 
ens remains the Vistula Lagoon, located ca. 600 km away. 
230 
owever, given that we have found only three individuals 
 Table 1 ), it is unclear whether this is an established pop-
lation or not. Future sampling in the area is therefore 
ecessary. At a broad scale, D. haemobaphes is among the 
ost successful and widespread Ponto-Caspian amphipods 

 Bacela-Spychalska and Van der Velde, 2013 ; Bij de Vaate 
t al., 2002 ; Ja żd żewska et al., 2020 ). As such, its further
orthward dispersal is to be expected. 
Within this paper, we provide the first report of P. ro- 

ustoides from the Estonian port of Pärnu ( Figure 1 C). 
t was the most abundant amphipod at this locality and 
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ll life stages were observed, including ovigerous females 
 Table 1 ). Almost certainly P. robustoides reached this area 
rom Latvia, as it was reported a few kilometers from the Es- 
onian border in 2011, but not from Pärnu Bay ( Strode et al., 
013 ). This established population clearly demonstrates 
hat the species expanded northwards by up to 70 km and 
xposes a second invasion route of P. robustoides into Es- 
onia ( Figure 2 C). The previously known route was a west- 
ard dispersal from Russia along the shore of the Gulf of 
inland, the invader being discovered for the first time 
lose to the border in 2006 ( Herkül et al., 2009 ). Herein, 
e further confirm its presence in this area, and also in 
arious places throughout Latvia ( Table 1 , Figure 2 C). At 
 broader geographic scale, P. robustoides is relatively 
idespread in Europe, although not nearly as much as 
ome other Ponto-Caspian species. Its current range is a 
esult of both natural dispersal and deliberate introduc- 
ions ( Arba čiauskas et al., 2011 ; Bij de Vaate et al., 2002 ;
oedt and Van Haaren, 2018 ). 
Our study also clarifies the expansion of C. curvispinum 

n the eastern Baltic Sea ( Figure 1 D). In Latvia, it was 
rst reported from the port of P āvilosta in the 1960s 
 Nikolaev, 1963 ). Since 2014 it was reported from the 
orts of Liepaja, Ventspils, and Riga, however, only in 
he grey literature ( Grudcina, 2018 ; Harju et al., 2018 ). 
e confirm this spread of ca. 300 km northwards along 
he Latvian coast, as we also observed C. curvispinum in 
entspils and Riga ( Figure 2 D). Specimens of both sexes 
s well as ovigerous females were collected, thus con- 
rming its establishment ( Table 1 ). We also confirm its 
resence on the Estonian shore of the Gulf of Finland 
Sõtke stream mouth) where it was hitherto reported 
 Herkül and Kotta, 2007 ). Being encountered in almost 
ll major European watersheds ( Figure 2 F) ( Bij de Vaate 
t al., 2002 ), C. curvispinum is one of the most widely 
istributed Ponto-Caspian amphipods. Most likely its dis- 
ersal began in the early 20 th century, or even earlier, 
nd was facilitated by artificial canals that connected 
reviously isolated watersheds ( Arba čiauskas et al., 2011 ; 
a żd żewski, 1980 ). 
We sampled D. villosus only within its previously re- 

orted range ( Minchin et al., 2019 ; Šidagyt ė et al., 2017 ),
onfirming its establishment with records of adult speci- 
ens, ovigerous females, and juveniles ( Table 1 ). This dis- 
ersal stagnation is only apparent given that just a couple of 
ears passed between our current sampling and that of the 
ost recent study ( Minchin et al., 2019 ). It is therefore still 
ighly likely that D. villosus will spread further north, and 
ts presence in Estonia (especially Pärnu Bay) should soon be 
xpected. 
Recently, O. crassus has been reported (mainly in the 

rey literature) from the Latvian ports of Liepaja, Ventspils, 
nd Riga ( Grudcina, 2018 ; Harju et al., 2018 ; Paidere et al.,
019b ). Nevertheless, we could not confirm these reports. 
irstly, we did not manage to collect this species in our 
urrent study although the sampling localities roughly coin- 
ided. Secondly, the only accessible evidence for the iden- 
ification of the Latvian O. crassus provided by the au- 
hors is a habitus photograph of a highly damaged specimen 
 Harju et al., 2018 ), making a full validation impossible. Our 
oubts, of course, do not exclude the species’ occurrence in 
atvian waters. 
231 
Overall, our findings indicate that several Ponto-Caspian 
lien amphipods are substantially more widespread than 
reviously known, inevitably dispersing northwards along 
he eastern Baltic Sea coast. The expanding distribution is 
ost likely a result of natural spread combined with ship- 
ing activity. It remains to be seen whether the southern 
from Latvia) and northeastern (from Russia) invasion fronts 
ill ever meet in Estonia. We recommend more stringent 
onitoring activities, especially in the transitional waters, 
o better understand the dispersal of these species and their 
mpact on the local biota. 
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2019. Rapid expansion and facilitating factors of the Ponto- 
232 
Caspian invader Dikerogammarus villosus within the eastern 
Baltic sea. Aquat. Invasions 14, 165—181. https://doi.org/10. 
3391/ai.2019.14.2.02 

oedt, S. , Van Haaren, T. , 2018. Pontogammarus robustoides (Sars, 
1894), a new non-indigenous amphipod in the Netherlands (Crus- 
tacea: Amphipoda). Lauterbornia 85, 123—126 

ikolaev, I.I. , 1963. New recruits in the fauna and flora of the North-
ern Sea and the Baltic. Zool. Zhurnal 62, 20—27 

aidere, J., Brakovska, A., Bankovska, L., Gruberts, D., 2019a. 
Changes in the distribution of amphipods in the Daugava 
River. Latvia, Zool. Ecol. 29, 96—99. https://doi.org/10.35513/ 
21658005.2019.2.4 

aidere, J., Brakovska, A., Škute, A., 2016. Ponto-Caspian gam- 
marid Pontogammarus robustoides G. O. Sars, 1894 in the Dau- 
gava River reservoirs (Latvia). Zool. Ecol. 26, 227—235. https:// 
doi.org/10.1080/21658005.2016.1181847 

aidere, J., Brakovska, A., Vezhnavets, V., Škute, A., Savicka, M., 
2019b. Effects of the environmental variables on the alien 
amhipod Pontogammarus robustoides in the Daugava River and 
its reservoirs. Acta Biol. Univ. Daugavp. 19, 169—180 http:// 
sciences.lv/wp-content/uploads/2020/01/Paidere _ 19 _ 2.pdf 

achalewski, M., Grabowski, M., Konopacka, A., Ba ̧ cela- 
Spychalska, K., 2013. Echinogammarus trichiatus (Mar- 
tynov, 1932) — a new Ponto-Caspian amphipod in- 
vader in Poland with remarks on other alien amphipods 
from the Oder River. Crustaceana 86, 1224—1233. 
https://doi.org/10.1163/15685403-00003228 
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