
In tro duc tion

Con ta mi na tion of lo cal eco sys tems with alien
spe cies has be co me one of the most im por tant pro -
blem in eco lo gy. On ly in the Bal tic Sea, mo re
than 120 spe cies of alien hy dro bionts ha ve be en re -
cor ded du ring the last twen ty years [1]. Am phi pods
and par ti cu lar ly gam ma rids are among the fa stest
spre ading in va si ve in ver te bra tes in Eu ro pe. They
are known to ha ve de te rio ra ti ve ef fects on the lo cal
fau na of co lo ni zed wa ter bo dies – in big low land ri -
vers as Bug, Vi stu la and Oder they ha ve com ple te ly

re pla ced the na ti ve spe cies [2–6]. So far, in Po land 8
spe cies of alien gam ma rids we re fo und – six of them
are of Pon to -Ca spian ori gin [3].

Trans port of pa tho gens as so cia ted with in va si ve
spe cies is im por tant yet still we akly stu died field of
pa ra si to lo gy. Ac cor ding to „pa tho gen re le ase” hy -
po the sis spe cies in va sion to new ter ri to ry is en han -
ced for the mi gra ting po pu la tions lo se the ir pa ra si tes
on sub se qu ent sta ges of ran ge expan sion [7,8]. Ho -
we ver, a po ssi bi li ty of re cur rent upta ke of pa tho gens
by host mi gra ting in sub se qu ent wa ves thro ugh the
sa me in va sion ro ute can not be exc lu ded.
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ABSTRACT. The goal of our study was to recognize microparasites of alien gammarids inhabiting Polish inland and
coastal waters versus those infecting local species. Twenty two localities including the Vistula, Oder and Bug Rivers,
Vistula Lagoon, Gosławskie Lake, littoral of the Baltic Sea, as well as small rivers draining directly to the sea were
investigated. In total, over 5000 individuals of 14 species of gammarids were collected and analyzed using light and
electron microscopy. The studies have revealed five named and seven unnamed species of gregarines (Apicomplexa,
Gregarinidae) as well as three named and seven unnamed species of microsporidians (Microsporidia, Nosematidae,
Thelohaniidae) infecting six native and four invasive gammarid host species. All the above microparasites were new to
Poland. Four species of gregarines (Uradiophora ramosa, U. longissima, Cephaloidophora similis, C. mucronata) and
four microsporidians (Nosema dikerogammari, N. pontogammari, Thelohania sp. 2, Thelohania sp. 5) were associated
with hosts of Ponto-Caspian origins. Evidently, these microparasites were transported to the area through the range
expansion of their invasive hosts. Gregarines Cephaloidophora sp. 1 and Uradiophora sp. 1 were registered only in
North American Gammarus tigrinus. Uradiophoera ramosa infects Ponto-Caspian (P. robustoides, D. villosus) and
North-Americah hosts (G. tigrinus).
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The know led ge on pa ra si tes in fec ting in va si ve
gam ma rids is po or but even our pre li mi na ry stu dies
re ve aled that alien spe cies may trans port the ir pa -
tho gens to new ter ri to ries [9,10–14].

Our stu dies led in years 2005–2007 aimed to an -
swer the fol lo wing qu estions: (1) do es ran ge expan -
sion of alien gam ma rids le ad to en rich ment of mi -
cro pa ra si te as sem bla ges in the new ly co lo ni zed wa -
ter bo dies; (2) is the re any exchan ge of mi cro pa ra si -
tes be twe en na ti ve and in va si ve host spe cies in such
are as?

Ma te rials and me thods

Gam ma rids we re col lec ted from May 2005 to
No vem ber 2007 in the fol lo wing 22 si tes: Wło cław -
ski Re se rvo ir; Vi stu la Ri ver (in Świb no, No wy Du -
ni nów, Prze ga li na, Trzciń sko, Gór ki Wschod nie);
Vi stu la La go on (in Pia ski, Kry ni ca Mor ska, Po ło ni -
ny); „Pta si Raj” La ke; Bay of Puck in Kuź ni ca Hel -
ska; Bal tic Sea ne ar Dęb ki and Hel; Oder Ri ver in
Pła wi dło, Zdzie szo wi ce; Bug Ri ver (in Wy szków);
No teć Ri ver in Ły sek (ne ar Sę pol no); No gat Ri ver
at the ro ad No wy Dwór Gdań ski – El bląg, Stra dan -
ka stre am in Tolk mic ko, Pia śni ca Ri ver at out flow

from Żar no wiec kie La ke; Go sław skie La ke, Stru ga
Do bie szkow ska stre am ne ar Łódź; San tri bu ta ries in
Biesz cza dy Mts. (Map 1.). Al to ge ther 5162 in di vi -
du als of the fol lo wing spe cies: na ti ve fre sh wa ter
Gam ma rus pu lex, G. fos sa rum, G. bal ca ni cus,
G. la cu stris, na ti ve brac ki sh wa ter G. zad da chi,
G. lo cu sta, G. du ebe ni, alien Pon to -Ca spian Cha -
eto gam ma rus isch nus, Di ke ro gam ma rus ha emo ba -
phes, D. vil lo sus, Pon to gam ma rus ro bu sto ides,
Obe so gam ma rus cras sus, alien Bal kan Gam ma rus
ro ese lii and alien North Ame ri can Gam ma rus ti gri -
nus we re col lec ted (Ta ble 1). After iden ti fi ca tion,
the gam ma rids we re sec tio ned in or der to ma ke tis -
sue sam ples for li ght and elec tron mi cro sco py. Sme -
ars of in fec ted or gans we re sta ined with Giem za sta -
in. Gre ga ri nes we re fi xed with OsO4 so lu tion.

For ul tra struc tu ral ana ly ses, in fec ted tis su es and
gre ga ri nes we re fi xed in a 2.5% (v/v) glu ta ral de hy -
de and 2.0% (v/v) osmium te tro xi de. Then the pie -
ces we re de hy dra ted and em bed ded in Epon–Aral di -
te ac cor ding to the stan dard me thods [15,16]. The
ma te rial was exa mi ned un der JE OL -JEM -1200
elec tron mi cro sco pe.
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Map 1. Sampling sites (for number explanation see Table 1)



Re sults

Pa ra si te as sem bla ges of na ti ve and alien gam ma -
rids in the stu died si tes com po sed of gre ga ri nes
(Pro to zoa, Api com ple xa), mi cro spo ri dians (Mi cro -
spo ri dia) and acan tho ce pha lan la rvae (Me ta zoa,
Acan tho ce pha la) [11].

Pa ra si tic Pro to zoa we re re pre sen ted by Gre ga ri -
no mor pha (Eu gre ga ri na) be lon ging to ge ne ra Ce -
pha lo ido pho ra Ma vro dia di, 1908 [C. gam ma ri
(Fran zius, 1848), C. mu cro na ta Co dre anu -Bal ce -

scu, 1995, C. si mi lis Co dre anu -Bal ce scu, 1995 and
fo ur un de ter mi ned spe cies], and Ura dio pho ra Mer -
cier, 1912 [U. ra mo sa Bal ce scu -Co dre anu, 1974,
U. lon gis si ma (Sie bold, 1839) and three un de ter mi -
ned spe cies] (Ta ble 2, Fig. 1a–h).

Ce pha lo ido pho ra gam ma ri (Fran zius, 1848),
syn.: Gre ga ri na gam ma ri Fran zius, 1848; Ce pha lo -
ido pho ra echi no gam ma ri Po is son, 1921; Ro tun du la
gam ma ri Go odrich, 1949. The spe cies has a lar ge
num ber of host and wi de geo gra phi cal di stri bu tion.
It was in i tial ly de scri bed by Fran zius from the gut of

Sampling site (site number) 
Geographic coordinates 
(decimal degrees) 

Gammarid species

Piaśnica River (1) N 54,797865; E 18,048820 Gammarus pulex, G. zaddachi, G. lacustris

Baltic Sea at Dębki (2) N 54,833523; E 18,064528 G. zaddachi, G. tigrinus, Gammarus duebeni 

Puck Bay at Kuźnica Helska (3) N 54,731708; E 18,586378 G. tigrinus, G. zaddachi 

Baltic Sea at Hel (4) N 54,638082; E 18,805161 G. tigrinus, Gammarus locusta, G. zaddachi

Ptasi Raj Lake (5) N 54,359757; E 18,788338 G. tigrinus, G. duebeni, G. zaddachi 

Vistula in Górki Wschodnie (6) N 54,348002; E 18,801470 
Pontogammarus robustoides, Dikerogammarus
haemobaphes, G. duebeni, G. tigrinus 

Vistula in Trzcińsko (7) N 54,309463; E 18,869448 G. tigrinus 

Vistula in Przegalina (8) N 54,309313; E 18,918457 P. robustoides 

Vistula in Świbno (9) N 54,336144; E 18,936996 
P. robustoides, D. haemobaphes,
Chaetogammarus ischnus 

Vistula in Nowy Duninów (21) N 52,349940; E 19,286751 P. robustoides, Dikerogammarus villosus

Vistula Lagoon in Krynica Morska (10) N 54,378583; E 19,445844 
G. tigrinus, Obesogammarus crassus,
P. robustoides 

Vistula Lagoon in Piaski (11) N 54,427369; E 19,599781 P. robustoides, G. tigrinus

Vistula Lagoon in Połoniny (12) N 54,281011; E 19,425974 G. tigrinus, O. crassus, P. robustoides 

Stradanka stream in Tolkmicko (13) N 54,321079; E 19,528370 G. pulex 

Nogat branch (14) N 54,171177; E 19,251308 D. haemobaphes, P. robustoides 

Oder in Pławidło (15) N 52,440525; E 14,578686 D. villosus 

Oder in Zdzieszowice (22) N 50,244400; E 18,062335 D. villosus 

Noteć in Łysek (16) N 52,405404; E 18,504066 Gammarus roeselii 

Gosławskie Lake (17) N 52,302286; E 18,260479 D. haemobaphes 

Struga Dobieszkowska stream (18) N 51,838429; E 19,585190 Gammarus fossarum 

Bug in Wyszków (19) N 52,590600; E 21,460118 D. villosus, D. haemobaphes, C. ischnus 

San tributaries in Bieszczady Mts. (20) N 49,099948; E 22,845039  Gammarus balcanicus 

Table 1. Gammarid species found in the studied sites
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Gam ma rus pu lex in Fran ce, and after it was iden ti -
fied in: Echino gam ma rus be ril lo ni in Fran ce, Gam -
ma rus oli vii (=Echi no gam ma rus oli vii, Cha eto gam -
ma rus oli vii) in Fran ce, G. ro ese lii in Ger ma ny,
G. bal ca ni cus mon ta nus (=G. bal ca ni cus) in Ro ma -
nia and G. fa scia tus in North Ame ri ca [9,17]. In Po -

land we re cor ded C. gam ma ri in G. pu lex from Stra -
dan ka stre am in Tolk mic ko (Octo ber, 2005) [9,10,
14, 18, 19]. So li ta ry ma tu re ce pha lins or spo ra dins
as so cia ted in sy zy gy (35–75 mm by 24–33 mm) ha ve
ovo idal, mil dly elon ga te in outli ne; but ton -li ke pro -
mi nent epi me ri te; the length of ca lot te -sha ped pro to -
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Fig. 1. Morphology of gregarines (adult trophozoites, syzygies) parasitizing digestive tracts of investigated gammarid
species (1a, b, f, h – osmium fixation; 1c, d, e, g – living; interference contrast). 1a – Cephaloidophora similis from
Dikerogammarus villosus; 1b – Uradiophora ramosa from Pontogammarus robustoides; 1c – Cephaloidophora sp. 1
from hepatopancreatic caeca of Gammarus tigrinus; 1d – Uradiophora sp. 1. from G. tigrinus; 1e – Uradiophora
sp. 2 from G. locusta; 1f – Cephaloidophora mucronata from D. villosus; 1g – Cephaloidophora sp. 2 from
Gammarus locusta; 1h – Cephaloidophora sp. 3 from G. locusta. Bars: 1a – 32 µm, 1b, e – 80 µm, 1c – 25 µm, 1d –
60 µm, 1f – 20 µm, 1g – 45 µm, 1h – 18 µm.



me ri te is abo ut a qu ar ter from the to tal length (TL).
Ce pha lo ido pho ra mu cro na ta Co dre anu -Bal ce -

scu, 1995 was ori gi nal ly fo und in the gut of Pon to -
-Ca spian gam ma rids Pon to gam ma rus ro bu sto ides
aestu arius (=P. aestu arius), Cha eto gam ma rus te -
nel lus beh nin gi (=Ch. isch nus) and Di ke ro gam ma -
rus ha emo ba phes flu via ti lis (=D. ha emo ba phes)
from the Da nu be Del ta (Su li na branch) [17]. We re -
cor ded this gre ga ri ne spe cies in Pon to -Ca spian host

P. ro bu sto ides li ving in Vi stu la La go on (Octo -
ber 2005) [2,8,11–13]. It was al so fo und in P. ro bu -
sto ides from Wło cław ski Re se rvoir (Ju ne, 2006) as
well as in Di ke ro gam ma rus vil lo sus from Oder ne ar
Pła wi dło (Ju ne, 2006). Adult ce pha lins are fu si form,
with a glo bu lar pro mi nent hy ali ne epi me ri te; pro to -
me ri te is flat te ned and the elon ga te -ovo idal, deu to -
me ri te is ta pe red to the po ste rior end (Fig. 1f). Bio -
me tri cal va lu es (spo ronts in sy zy gies): 

Microparasite species Host species Sampling site number

Gregarinomorpha

Cephaloidophora gammari Gammarus pulex 13

C. similis Dikerogammarus villosus 15, 22

C. mucronata
Pontogammarus robustoides 11, 12

Dikerogammarus villosus 15

Cephaloidophora sp. 1 Gammarus tigrinus 4

Cephaloidophora sp. 2 Gammarus locusta 4

Cephaloidophora sp. 3 G. locusta 4

Cephaloidophora sp. 4 Gammarus zaddachi 4

Uradiophora longissima D. villosus 22

Uradiophora ramosa

P. robustoides, 21

D. villosus, 22

G. tigrinus 3

Uradiophora sp. 1 G. tigrinus 4

Uradiophora sp. 2 G. locusta 4

Uradiophora sp. 3 G. zaddachi 4

Microsporidia

Nosema pontogammari P. robustoides 9

Nosema dikerogammari
D. villosus 15, 19, 22

Dikerogammarus haemobaphes 17, 19

Pleistophora muelleri G. pulex 13

Thelohania sp. 1 G. pulex 18

Thelohania sp. 2 (brevilovum) D. haemobaphes 17

Thelohania sp.3 Gammarus duebeni 6

Thelohania sp 4. G. zaddachi 1

Thelohania sp. 5 P. robustoides 21

Thelohania sp. 6 Gammarus balcanicus 20

Thelohania sp. 7 Gammarus fossarum 18

Table 2. Microparasites recorded from gammarids found in the studied sites
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Expla na tions: TL–to tal length; L Epi–epi me ri te length;
LP–pro to me ri te length; LD–deu to me ri te length; WP–pro to me -
ri te width; WD–deu to me ri te width; NØ–nuc leus dia me ter 

Ce pha lo ido pho ra si mi lis Co dre anu -Bal ce -
scu, 1995 was de scri bed in Pon to -Ca spian gam ma -
rids Cha eto gam ma rus te nel lus beh nin gi (=Ch. isch -
nus) and Di ke ro gam ma rus ha emo ba phes flu via ti lis
(=D. ha emo ba phes) (mid gut) from the sa me sta tions
as for C. mu cro na ta; but ne ver the two spe cies we -
re fo und si mul ta ne ously in the sa me host [17]. In
Po land, we fo und C. si mi lis in in va si ve Pon to -Ca -
spian host D. vil lo sus from Oder Ri ver, col lec ted in
Ju ne 2006. Adult ce pha lins of elon ga te rec tan gu lar
form ha ve a high cu bic pro to me ri te with len ti cu lar
flat te ned epi me ri te. The deu to me ri te has the sa me
width as the pro to me ri te, but it is sli gh tly nar ro wed
at its cau dal fo urth (Fig. 1a). Bio me tri cal va lu es
(spo ronts in sy zy gies):

Ce pha lo ido pho ra sp. 1 was fo und in he pa to pan -
cre atic ca eca of in va si ve North -Ame ri can G. ti gri -
nus in the Bal tic Sea lit to ral (Hel Pe nin su la, Sep -
tem ber 2007). Iso la te adult ce pha lins up to 95 mm
long with thick di sco idal epi me ri te (5 mm high
and 16 mm width); pro to me ri te glo bu lar sli gh tly
flat te ned (20 mm by 31 mm); lar ge he arth-sha ped
deu to me ri te asym me tri cal and ta pe red at the po ste -
rior end; LP/TL=1:4.65 and WP/WD=1:1.74
(Fig. 1c). In so me ho sts it was fo und mi xed in fec -
tion with an amo ebo zo an pa ra si ti zing in the he pa to -
pan cre atic ca eca [20].

Ce pha lo ido pho ra sp. 2 is a mid gut pa ra si te of
na ti ve Gam ma rus lo cu sta at Bal tic Sea lit to ral (Hel
Pe nin su la, Sep tem ber 2007). Spo ra dins (85–88 mm
by 50–52 mm ma xi mum width) as so cia ted in sy zy -
gies (TLsy=172 mm; ovo idal con to ur with sim ple
len ti cu lar flat te ned epi me ri te, ca lot te -sha ped pro to -
me ri te (LP/TL=1: 6.5) (Fig. 1g).

Ce pha lo ido pho ra sp. 3. in fects the gut of Gam -
ma rus lo cu sta at the Bal tic Sea lit to ral (Hel Pe nin -
su la, Sep tem ber 2007). Sy zy gies (TLsy up to 90
mm) are for med by in e qu al spo ra dins elon ga te el lip -
so idal (37 mm by 12 mm to 53 mm by 18 mm) nar ro -
wed to the po ste rior half of the deu to me ri te; ap pro -

xi ma te ly glo bu lar pro to me ri te with flat te ned len ti -
cu lar epi me ri te; LP/TL=1: 5.5 (Fig. 1h).

Ce pha lo ido pho ra sp. 4 was re gi ste red in the gut
of na ti ve Gam ma rus zad da chi (the sa me sta tion and
sam ples as abo ve). Elon ga te rec tan gu lar ce pha lins
(42–50 mm by 33–35 mm sli gh tly tap pe red at the po -
ste rior end; pro to me ri te rec tan gu lar with but ton -li ke
epi me ri te; LP/TL=1: 4; TLsy=85–100 mm.

Ura dio pho ra lon gis si ma (Sie bold, 1839) Po is -
son, 1924, syn. Gre ga ri na lon gis si ma Sie bold,
1839; Di dy mo phies lon gis si ma Fran zius, 1848. This
is wi de spre ad gre ga ri ne spe cies pa ra si ti zing am phi -
pod cru sta ce ans; it was de scri bed in Gam ma rus pu -
lex in Fran ce and fo und al so in: Or che stia lit to rea
and Ca prel la aequ ili bra in Fran ce; G. pu lex and
G. ro ese lii in Ger ma ny; and G. bal ca ni cus mon ta -
nus (=G. bal ca ni cus) in Ro ma nia [21, 22]. In Po -
land, we fo und this spe cies in the gut of D. vil lo sus
from Oder Ri ver. Elon ga te ce pha lins fi li form
(25–160 mm by 5–14 mm) with small cy lin dri cal -co -
ni cal (2–5 mm) de cay ing epi me ri te and glo bu lar pro -
to me ri te (8–12 mm in dia me ter). Ear ly end -wi se sy -
zy gies with ap pro xi ma te ly equ al part ners
(TLsy=200–320 mm).

Ura dio pho ra ra mo sa Bal ce scu -Co dre anu, 1974
was de scri bed from the mid gut of Pon to -Ca spian
gam ma rids Pon to gam ma rus ro bu sto ides in Da nu be
Del ta (Ghio lul Ro su, No vem ber, 1972); per cen ta ge
of in fec tion=14% [21]. This spe cies was re cor ded
from Po land in in va si ve P. ro bu sto ides in Vi stu la
Del ta ic sys tem (Octo ber 2005) [9,10,14,18,19]. We
fo und U. ra mo sa in Cen tral Po land (Ju ne 2006) in
P. ro bu sto ides (Wło cław ski Re se rvo ir) and Di ke ro -
gam ma rus vil lo sus (Oder ne ar Zdzie szo wi ce) as
well as in North Ame ri can in va si ve Gam ma rus ti -
gri nus from Puck Bay (Sep tem ber, 2007); in fec tion
pre va len ce 90–95%. U. ra mo sa is cha rac te ri zed by
fre qu ent mul ti ple sy zy gies with re pe ated di cho to -
mo usly ra mi fi ca tions of sa tel li tes; mor pho lo gi cal
and cy to lo gic dif fe ren ces be twe en the pri mi te and
sa tel li tes. Pri mi te spo ra din (200–300 mm by 25–30
mm) we re elon ga ted, with ro strum -li ke an te rior and
rec tan gu lar po ste rior ends. Small co ni cal pro to me ri -
te; cle ar gra nu la ted cy to plasm of the deu to me ri te
we re ob se rved. Sa tel li tes are fi li form (400–450 mm
by 18–23 mm) with den ce cy ti plasm and they tend to
muf fle one self up (Fig. 1b).

Ura dio pho ra sp. 1 was fo und in gut of Gam ma -
rus ti gri nus in ha bi ting of the co astal zo ne of Bal tic
Sea (Hel Pe nin su la) in Sep tem ber 2007 (Ta ble 1).
Rib bon -li ke spo ra dins as so cia ted in elon ga te sy zy -
gies (TLsy abo ut 280 mm by 22 mm ma xi mum
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width), the pri mi te has uni form width and it is shor -
ter than sli gh tly cu rved and nar ro wed in its po ste rior
half sa tel li te (Fig. 1d).

Ura dio pho ra sp. 2 was re gi ste red in the mid gut
of Gam ma rus lo cu sta in the sa me sta tion as Ura dio -
pho ra sp. 1. Elon ga te sy zy gies (TLsy 320–390 mm)
com po sed of spo ra dins dif fe rent in si zes and mor -
pho lo gy; smal ler pri mi te (TL 106–187 mm) fi li form
(abo ut 5 mm width) and lon ger sa tel li te

(TL 204–216 mm) cy lin dri cal (16–18 mm). ta pe red
to the po ste rior fo urth (Fig. 1e). 

Ura dio pho ra sp. 3 in fects mid gut of Gam ma rus
zad da chi from the sa me sta tion as abo ve si mul ta ne -
ously with ame bo zo an in fec tion in he pa to pan cre atic
ca eca [20]. Iso la te ce pha lins (84 mm by 7–11 mm),
small glo bu lar sli gh tly flat te ned pro to me ri te (4 µm 6
µm) with a lit tle knob -li ke epi me ri te, rib bon -li ke deu -
to me ri te mil dly en lar ged in its po ste rior half part. 

Fig. 2. Morphology and ultrastructure of microsporidium Nosema pontogammari. 2a – young sporont with
diplokaryotic nuclei (n); 2b – tetranucleate sporogonal plasmodium; 2c – sporoblast; 2d – immature spore with
diplokaryotic nuclei (n); 2e – sporoblast with developing polar filament (arrowed), 2g – live spores, phase contrast:  
2f – anterior part of mature spores with bipartite lamellar polaroplast (ap, pp); 2h – posterior part of mature spores
with posterior vacuole containing posterosome (arrowed); 2i – prokaryotic organismes (arrowed) in cytoplasm of the
sporont of N. pontogammari. Bars: 2a – 2e, 2i – 1.0 µm; 2f, 2h – 0.5 µm; 2g – 6 µm.
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Mi cro spo ri dia are the most com mon ly fo und
gam ma rid pa ra si tes. We fo und them in 5 na ti ve
(G. fos sa rum, G. pu lex, G. bal ca ni cus, G. zad da chi,
G, du ebe ni) and 3 alien (D. vil lo sus, D. ha emo ba -
phes, P. ro bu sto ides) gam ma rid spe cies. Ba sed on
li ght mi cro sco py ana ly sis we fo und spo res of the se
pa ra si tes on ly in 3% of ana ly zed gam ma rid in di vi -
du als. Ho we ver, mo le cu lar ana ly sis of D. vil lo sus
ma te rial from Bug and Vi stu la re ve aled in fec tion of
ca. 80% of stu died in di vi du als (Bą ce la, per so nal
com mu ni ca tion).

No se ma pon to gam ma ri Ovcha ren ko and Ku ran -
di na, 1987 was de scri bed as pa ra si te of Pon to gam -
ma rus cras sus (=Obe so gam ma rus cras sus) from the
Dnie per ri ver in Ukra ine [23]. La ter this pa ra si te
was fo und in Obe so gam ma rus obe sus and Pon to -
gam ma rus ro bu sto ides from the Dnie per Ri ver and
Da nu be Del ta [24–26]. In Po land it was fo und in
P. ro bu sto ides from the Vi stu la Del ta [10].

After ul tra struc tu ral ana ly sis we co uld sup port
that N. pon to gam ma ri was pro per ly pla ced in ge nus
No se ma ba sed on di plo ka ry otic li fe cyc le, du ring
which oval spo res (Fig. 2g) with ho mo ge no us exo -
spo re (Fig. 2d, f, h) and lay ered (la mel lar) bi par ti te
po la ro plast we re pro du ced (Fig. 2f). 

Ve ge ta ti ve sta ges of N. pon to gam ma ri (Fig. 2a,
b) re pro du ce by di vi sion of te tra ka ry otic spo ro go nal
pal smo dium (Fig. 2b). After di vi sion, di plo ka ry otic
spo ronts in i ta te emer gen ce of spo ro bla sts (Fig. 2e)
that even tu al ly trans form in to spo res (Fig. 2d, g, h).
The spo re po ste rior va cu ole em beds cry stal -li ke
struc tu red po ste ro so me (Fig. 2h). In cy to plasm of
ve ge ta ti ve de ve lop men tal sta ges, so me hy per pa ra si -
tic ric ket sia -li ke pro ka ry otic or ga ni sms we re ob se -
rved (Fig. 2i). 

No se ma di ke ro gam ma ri Ovcha ren ko and Ku -
ran di na, 1987 oc curs in Dnie per ba sin and Da nu be
Del ta in ha bi ting gam ma rids of Pon to -Ca spian com -
plex, mo stly Di ke ro gam ma rus vil lo sus, D. ha emo -
ba phes and ra re ly Cha eto gam ma rus isch nus, Obe -
so gam ma rus cras sus (one re port from Dnie pro vsko -
-Bug ski li man in Ukra ine) [12,13,23,26]. In Po land,
we re gi ste red N. di ke ro gam ma ri in D. vi lo sus
and D. ha emo ba phes (Ta ble 2). Pre li mi na ry da ta on
the ul tra struc tu re of this pa ra si te sup por ted its pla ce
in ge nus No se ma, ho we ver so me of the ob se rved fe -
atu res (short po lar fi la ment twi sted in a spi ral with
turns in c li ned at va rio us an gles to lon gi tu di nal axis
of a spo re) dif fe ren tia te it from other con ge ne ric
spe cies [12]. Ba sed upon mo le cu lar stu dies pu bli -
shed in 2007, mi cro spo ri dians pa ra si ti sing D. vil lo -
sus we re de fi ned as a se pa ra te spe cies na med pro vi -

sio nal ly Mi cro spo ri dium sp. D [16]. Our de ta iled ul -
tra struc tu re (Fig. 3a–g) ana ly sis of mi cro spo ri dia re -
gi ste red in D. vil lo sus, and D. ha emo ba phes in Po -
land ac com pa nied by so me mo le cu lar stu dies (Bą -
ce la, Iron si de, per so nal com mu ni ca tion) sup port the
abo ve re sults. The ear liest known de ve lop men tal
sta ges of this pa ra si te are di plo ka ry otic me ronts fo -
und in sar co plasm of mu sc le cells (Fig. 3a). After
se ries of mi to tic di vi sions the pa ra si te pro du ce oval
spo ronts (Fig. 3b), which after do uble di vi sion
trans form in to elon ga ted spo ro bla sts (Fig. 3c, d).
After cy to plasm re ar ran ge ment and for ming extru si -
ve or ga nel les (Fig. 3d), the spo ro bla sts pro du ce
elon ga te -oval thin -wall spo res (Fig. 3e, g). Po la ro -
pla sts fills them to ca. Ľ of the ir length (Fig. 3e, g).
In Po land, we fo und N. pon to gam ma ri and N. di ke -
ro gam ma ri to oc cur on ly in alien Pon to -Ca spian
gam ma rids (P. ro bu sto ides, D. ha emo ba phes,
D. vil lo sus).

The rest of mi cro spo ri dians fo und in the ana ly -
sed gam ma rids be lon ged to The lo ha nia gro up – pa -
ra si tes si mi lar to abo ve, ha ving octo spo ro us spo ro -
go ny. They are com mon ly fo und in both, Eu ro pe an
and Pon to -Ca spian gam ma rids. We fo und The lo ha -
nia li ke mi cro spo ri dia in va rio us spe cies of na ti ve
and in va si ve gam ma rids in ha bi ting Vi stu la and
Oder ba sins, Stra dan ka and Stru ga Do biesz kow ska
stre ams (Ta ble 2). So far, ca. 20 spe cies in ha bi ting
gam ma rids and ha ving octo spo ro us spo ro go ny we re
de scri bed, among which on ly Ple ispo tho ra mu el le ri
was stu died tho ro ugh ly ba sed on ul tra struc tu re and
mo le cu lar da ta [27]. Re cen tly a new ge nus Dic ty -
oco ela Ter ry et al., 2004 [28] was pro po sed, with 10
spe cies de scri bed exc lu si ve ly on a ba se of mo le cu -
lar da ta. The on ly pu bli shed pic tu re of Dic ty oco ela
mul le ri Ter ry et al., 2004 fo und in Gam ma rus du -
ebe ni cel ti cus pre sents a frag ment of spo ro pho ro us
va cu ole in c lu ding se ve ral spo res of ul tra struc tu re
ty pi cal for The lo ha nia-li ke mi cro spo ri dians (mul ti -
lay ered spo re wall, bi par ti te po la ro plast, iso fi lar po -
lar fi la ment, pre sen ce of mi cro tu bu lar struc tu res in -
si de of epi spo ron tal spa ce). Ul tra struc tu ral da ta
shows high host -spe ci fi ci ty of The lo ha nia-li ke mi -
cro spo ri dians. Pre vio us mo le cu lar iden ti fi ca tion
sup ports iden ti ty of The lo ha nia sp. 2. and The lo ha -
nia sp. 3 with Dic ty oco ela bre vi lo vum and D. mu el -
le ri (Iron shi de, per so nal com mu ni ca tion). So far, we
iden ti fied se ven The lo ha nia -Dic ty oco ela-li ke spe -
cies in ha bi ting the ana ly zed gam ma rids, but pre ci se
de fi ni tion of the ir ta xo no mic po si tion is not po ssi ble
wi tho ut par ti cu lar mo le cu lar ana ly sis. The lo ha nia -
-Dic ty oco ela-li ke mi cro spo ri dians we re fo und in
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na ti ve G. pu lex, G. fos sa rum, G. bal ca ni cus, G. zad -
da chi as well as in alien Pon to gam ma rus ro bu sto -
ides and Di ke ro gam ma rus ha emo ba phes.

Di scus sion

In the stu died si tes in Po land, uni cel lu lar pa ra si -
tes we re fo und in na ti ve gam ma rids as well as in
Pon to -Ca spian and North -Ame ri can in va ders.

In the gre ga ri ne ge nus Ce pha lo ido pho ra abo -
ve 60 spe cies are known, pa ra si ti zing in aqu atic cru -
sta ce ans. Mo re than 30 spe cies are pa ra si tes of Am -
phi po da. Pon to -Ca spian gam ma rids Pon to gam ma -
rus ro bu sto ides, Cha eto gam ma rus spp., and Di ke -
ro gam ma rus ha emo ba phes are the ho sts of Ce pha -
lo ido pho ra mu cro na ta; C. si mi lis was fo und in Di -
ke ro gam ma rus vil lo sus. Both spe cies we re pre vio -
usly re por ted from Da nu be Del ta [2]. In the stu died
Po lish wa ter bo dies we fo und the se gre ga ri ne spe -
cies pa ra si ti zing the in va si ve gam ma rids Pon to gam -
ma rus ro bu sto ides and D. vil lo sus. In North -Ame ri -
can G. ti gri nus from Bal tic Sea was fo und one un -
de ter mi na ted spe cies of the ge nus Ce pha lo ido pho -
ra.

In na ti ve Gam ma rus pu lex we fo und the gre ga ri -
ne spe cies C. gam ma ri, wi de spre ad in Eu ro pe an and
North -Ame ri can ho sts. Na ti ve gam ma rids G. zad da -
chi and G. lo cu sta we re pa ra si ti zed by three un de -
ter mi na ted spe cies of Ce pha lo ido pho ra dif fe rent
from tho se fo und in G. ti gri nus. For in stan ce we can
no te that Pon to -Ca spian gam ma rids ke ep own gre -
ga ri ne pa ra si tes that are not trans fer red to the na ti ve
gam ma rid ho sts. Al so no ca ses of Ce pha lo ido pho ra
gre ga ri ne trans fer from na ti ve spe cies to Pon to -Ca -
spian aliens was ob se rved to da te. We are not yet
able to de ci de on ori gin of Ce pha lo ido pho ra sp. fo -
und in North -Ame ri can in va der – G. ti gri nus.

The ge nus Ura dio pho ra gro ups six spe cies,
which pa ra si ti ze cru sta ce ans. Fo ur spe cies [U. gam -
ma ri Po is son, 1924; U. lon gis si ma (Sie bold, 1839);
U. mer cie ri Po is son, 1921; U. ra mo sd] we re fo und
in gam ma rids [21]. Fi ve ta xons of gre ga ri nes be lon -
ging to the ge nus Ura dio pho ra (U. ra mo sa, U. lon -
gis si ma and Ura dio pho ra sp. 1–3) we re re gi ste red
by us du ring 2005–2007 in Po lish wa ter bo dies. Two
of them (U. ra mo sa, U. lon gis si ma) we re fo und in
Pon to -Ca spian host (P. ro bu sto ides and D. vil lo sus).
Ura dio pho ra ra mo sa was re por ted al so from North -
-Ame ri can in va si ve am phi pod G. ti gri nus. It is the
on ly gam ma rid spe cies in Po land, which was pa ra -
si ti zed by a gre ga ri ne in fec ting Pon to -Ca spian ho sts
with ve ry high pre va len ce of in fec tion (abo ut 95%

in Hel Pe nin su la, Sep tem ber 2007). It is al so in te re -
sting to po int out that D. vil lo sus was in fec ted by
three spe cies of gre ga rins (C. mu cro na ta, C. si mi lis,
U. lon gis si ma). Two of them (C. mu cro na ta, C. si -
mi lis) in fect on ly Pon to -Ca spian gam ma rids, but
U. lon gis si ma is the wi de spre ad pa ra si te of fresh
and brac ki sh wa ter ho sts, exc lu ding spe cies of Pon -
to -Ca spian ori gin. Pre sen ce of U. lon gis si ma in
a pon to ca spian host (D. vil lo sus) in Po land can be
expla ined par tial ly by the chan ges of eco lo gi cal sta -
tus of the ho sts in co lo ni zed area. D. vil lo sus is vo -
ra cio us pre da tor, de stroy ing na ti ve in ver te bra te fau -
na to ab so lu te do mi na tion in co lo ni zed bio to pes [3]. 
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Fig. 3. Nosema dikerogammari from sarcoplasm of
Dikerogammarus haemobaphes (3a – 3g) and some
Thelohania-like species. 3a – diplokaryotic meront; 3b
– young sporont during initialization of mitotic division
(arrowed); 3c – sporont; 3d – dividing sporoblast; 3e –
live spores; 3g – ultrastructure of the spore with
bipartite (ap, pp) and diplokaryotic nuclei (n); 3f –
Giemza stained spores of Thelohania sp. from the
muscles of Gammarus balcanicus; 3h – Dictyocoela
mulleri from the muscles of Dikerogommarus
haemobaphes (live spores, Nomarski contrast). Bars: 3a
– 0.9 µm; 3b – 1.5 µm; 3c – 0.6 µm; 3d – 0.7 µm; 3e –
10 µm; 3g – 0.3 µm



Sum ma ri zing, the trans port of alien pa tho gens
with gam ma rids in va ding Po lish wa ters can be es ti -
ma ted as si gni fi cant. Each spe cies of in va si ve Pon -
to -Ca spian gam ma rid is ac com pa nied by its pa ra si -
tes. This lack of „pa tho gen re le ase” can be expla -
ined by a con ti nu ous mi gra tion of host thro ugh the
ar ti fi cial ca nals jo ining the two see ba sins. On the
other si de, lack of alien pa ra si tes in North -Ame ri can
G. ti gri nus may po ssi bly be re la ted to just few in ten -
tio nal in tro duc tions of this spe cies in to Eu ro pe an
wa ters. The ve ry first re cord of still uni den ti fied Ce -
pha lo ido pho ra sp. in this gam ma rid may be a re sult
of its in fec tion with so me lo cal gre ga ri ne spe cies.
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