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Abstract

TheAmphipodaGammaus varsoviensi§lazdzewski 1975) aftbntogammaus iobustoides

(Sars, 1894) are dominant amphipod species in the DaugavalRigstudy aims to describe

the structure and fecundity of these populations continuing the previous investigations of
2017-2019 (Paidere & Brakovska 202R).do this, we surveyed the Daugava River at four
sites fromApril to September 202@-he meteorological conditions of spring and summer of
this year were more typical for Latvian conditions than in 2018 and ZB&}opulation of

G varsoviensiviad a univoltine life cycle with one generation per yBae average fecundity

was 33 eggs per female, and the average size of ovigerous females was Thé pupulation

of P. robustoide$iad a bivoltine life cycle with two generations per yElae average fecundity

was 51 eggs per female, and the average size of ovigerous femalds8vasniThe study
confirmed that spring temperatures are an influential environmental factor for amphipod
reproduction. Low spring temperatures are related to the release of juveniles approximately
two weeks later than in 2018 and 2019 as particularly observed in the Gasarsbviensis
Temperature rising and prolonged summer season allows higher reproductive success, whic
can also be expected accordingly to climate change. Evidatip P. robustoideshas a

more successful life cycle th&h varsoviensiaind natives. pulex
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INTRODUCTION biodiversity and déct aquatic food webs (Arba-
ciauskas et al. 2017, Bacela-Spychalska et al.

Invasion of alien species, including crustacean2013, Keller et al. 2a1). The Ponto-Caspian

is considered a threat to native species and biamphipods are one of the most successful invaders

diversity because invaders are often superior cori fresh and brackish European waters, mainly

petitors and thus can replace natives or decreadee to created cascades of reservoirs, canalisation
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and navigable waterways, and due to the intemutumn months, specimens were not obtained at
tional introduction of alien species (CogHa the study sampling sites, it can be explained by
Ciocianu &Sidagye-Copilas 2022Arbatiauskas  the meteorological and hydrological conditions
et al. 2017, Semenchenko et al. 2015, Leuverf the study period. In 2019, three generations of
etal. 2009, Grabowski et al. 2007a, Bij\d@ate P. robustoidesvere observed @b. 2) (Paidere

et al. 2002). & Brakovska 2022).

The Ponto-CaspiagRontogammars iobustoides Continuing these investigations, the study aims
(Sars, 1894) is the most common alien amphto further describe the population structure and
pod in the inland waters of Latvia (Paidere et afecundity in 2020. Overall, 2020 also was warming
2019, Paidere et al. 2016, Grudule et al. 2007jwinter and autumn), but the spring and summer
Pontogammaus obustoideglistribution in the were cool weather and more typical for Latsia’
Daugava River is mainly explained by the speciesieteorological conditions. Only June of all sum-
intentional introduction into thEegums Reser mer months was the hottest (Figfah. 2) (Latvian
voir located on the Lower Daugava River agEnvironment, Geology and Meteorology Centre
valuable fish fodder in the 1960s (Bodniece 1976)020). It has been shown that the life history traits
and now occurring in the lower reaches of thef various species of amphipod (induction of
river (Paidere et al. 2019, Paidere et al. 2016)eproduction, size of bodgumber of generations
The amphipoGammarus varsoviengizazdzewski per yeay number of eggs, maturation time, and
1975) that origin also is related to the Caspianhoice or migration of habitat) depend on the water
region (Grabowski et al. 2012a, Grabowski et aktemperature and food (Berezina 2016, Bacela
2012b) occurs in the upper course of the Daugawdal. 2009, Bacela & Konopacka 2005, Pockl
River to the Favinas Reservoir (Paidere et al.etal. 2003, Panov & McQueen 1998, Sufelif
2019a). Both species occur together at a stretd®93, Sainte-Marie 1991).
from Veczéki to Gostii upstream of the|Bvinas
Reservoir and are dominant amphipods in the
Daugava River (Paidere & Brakovska 2022MATERIAL AND METHODS
Paidere et al. 2019a, Paidere et al. 2016).

The Daugava River (thé/estern Dvina) is one
Life history traits (population structure and fecun-of the lagest rivers in Eastern Europdafing
dity) are a few of the main preconditions in invasiorin theValday Highlands in Russia, the river flows
success for alien species, including amphipodsirough the East-European Plain and crosses
(SanVicente 2018, Grabowski et al. 2007483~  Belarus and Latvia before draining into the Gulf
cording to our previous life history investigationsof Riga (\6lchak & Lyakmund 2006)The samples
of the species from 2017 to 2019, the two amphif amphipods were obtained within the stretch
pods in the Daugava River have a reproductivef the Daugava River at sites “Daugavpils”,
period of four to five months, with up to three“Jékabpils”, “Veczéki”, and “Gostii” (Plavipas
generations per yeaifhe population of Reservoir) (Fig. 1Tab.1) in 2020, as during
G.varsoviensisis characterized by a univol- 2017-2019 (Paidere & Brakovska 202%pter
tine/bivoltine life cycle. In 2017, under more physicochemical parameters were measured and
typical meteorological conditions for Latvia, amphipods were sampled once a month, from
G. varsoviensiproduced one generation per yearApril until Septemberin June, to not miss the
but in 2019, with twice as long the meteorologicabeginning of the reproductive period, amphipods
summey two generations were observélthe were sampled twice a month. Semiquantitative
population ofP. robustoidess characterized by samples were obtained in the wadeable (up to
a multivoltine life cycle.Pontogammarus 0.5 m) depths usingkydrobioshand net with a
robustoidespopulation structure and repro- mouth opening of 25x25 cm (500 um me3dthe
duction traits in 2017 could not assessment unliketudy sites’ substratum mainly consisted of sand,
G. varsoviensisbecause, in the summer andksilty sand, detritus, pebbles, some boulders, and
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macrophytesThe water physicochemical para-oxygen, and chlorophyll a) were measured using
meters (temperature, pH, conductiyidissolved aHydrolab DS5multiprobe and are presented in
Tab 1.
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Figure 1. Sampling sites of amphipods along the Daugava River (2017-2020).

2} Lithuania

Table 1. Background characteristics of the sampling sites during the. study

Characteristics “Daugavpils” “Jekabpils” “Veczéki” “Gostini”
Position 55°5204"N 56°2952'N 56°3150'N 56°3656"N
26°3032'E 25°5330'E 25°4701"E 25°4831"E
Amphipoda G. varsoviensis G varsoviensis G. varsoviensis G varsoviensis
n=336 n=35 n=7 n=3
ObtainedApril— Obtained May— ObtainedApril Obtained
September September and September September
P. robustoides P. robustoides
n=48 n=118
Obtained Obtained

June—August

June—September

average (range) average (range)

average (range)

average (range)

T(°C) 15.93 (7.79-21.37)  16.03 (8.26-21.49) 16.20 (8.54-22.01) 16.90 (8.43-23.47)
Cond. (uS cm) 313 (261-380) 312 (287-364) 312 (286-349) 348 (296-389)
DO (mg L) 8.67 (6.80-1.91) 8.64 (6.91-1.23)  9.09 (7.45-1.54)  10.05 (7.61~12.70)

pH 7.82 (7.60~7.99)
CHL (ngL?)  2.94 (2.40-3.69)

7.93 (7.73-8.1)
3.64 (2.57-4.91)

8.04 (7.83-8.35)
3.30 (2.13-5.08)

8.14 (7.86-8.63)

3.70 (2.01-4.81)

AbbreviationsT — temperature, Cond. — conductiyiBO — dissolved oxygen, CHkL chlorophylla
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The study year of 2020 was warmer (annudh comparison, the average water temperature in
average air temperature 8.8°C) than the previotke spring and summer of 2018—-2019 was higher
study period in 2018 and 2019 (annual average May, it was already 18.5°C, and in all three
air temperature 8.2°C in 2019, which was theummer months was above 20°C (Fig. 2). In turn,
warmest previous study year). Howeuanlike the weather of spring and summer in 2017 and
the previous study years, the warm weather iB020 were more typical of Latvian meteorolo-
2020 was associated with the warm winter andical conditions (&b. 2).

autumn, instead of the spring and summer as in

2018 and 2019 (Fig. 2The average air tempe- ldentification of specimens was done using the
rature in the study montigril and May of 2020 literature: Eggers & Martens 2004, Eggers & Mar
was below the norm (0.5 and 1.9°C respectivelyjens 2001, Karaman & Pinkster 197 Zdkawski

The average air temperature in the summer month875. Specimen identification and length measu-
was to close the more typical summer temperaturements were done withZEISS &mi 508doc

of 17.2°C (Latvian norm 16.2°C), only June wasstereomicroscope fitted with an ocular micrometer
warmer with 18.1°C. Septembawith 14.4°C, (10:100).The length of the extended amphipods
was the warmest autumn month (Fig. 2) (Klimatavas measured as the distance from the anterior
portals. Gads, 2020. Latvian Environment, Geomamin of the head to the base of the telson
logy and Meteorology Centr@herebythe average (Bacela & Konopacka 2005). Based on literature
water temperature in the spring ranged frondlata (Berezina 2016, Copgi&iocianu & Borg
8.2°C inApril to 11.5°C in May in the summer 2016, Bacela & Konopacka 2005, Sainte-Marie
ranged from 18.4°C in June (only in the second991), the population structure was split by deve-
decade of June it was 21.5°C) to 21.7°Bugust.  lopment into small size specimens, or juveniles,
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Figure 2. Average air temperature and average water temperature of the study sites in the Daugava
River during the study (2017-2020) in Latvidr temperature prepared according to data from
Latvian Environment, Geology and Meteorology Centre, 2017, 2018, 2019, 2020
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(< 5 mm), medium size, or immature, (from 5 tomaximum size of 13.8-16.5 mnihe females
8 mm) and lage, or adults, (> 8 mm\Vithin the reached their maximum size of 12.4-13.0 mmin
latter group, males, females, and females witthe beginning of summer and most of them con-
eggs (ovigerous females) among the latter wested of ovigerous females (Fig. 3A, Fig. 4A).
counted separatel@gender oP. robustoidesvas  Although the ovigerous females were observed
identified by the second pair of gnathopodse  already fromApril, their highest proportion was
second pair of gnathopods is generallgdaufor observed at the beginning of June (44 %) followed
males of. robustoidesGender o6z varsoviensis by the peak of juveniles (89 %) at the second week
was identified by the second antenna which iof June Thereby the summer population struc-
females is less than 1/3 and in males more thanre mostly consisted from juveniles in the second
1/3 of the body length, by the presence of thpart of June to immatures in JuyndAugust.The
calceoli on the second antenna of males, and laylult males and females in the population again
the smaller gnathopod propodus of femalée appeared ilugust and Septemheaeached the
following life history traits were recorded: sizemaximum size of specimens df.0—12.0 mm and
of ovigerous females, number of eggs per broo®,5-10.1 mm respectively (Fig. 3A, Fig. 4Ahe
length of reproductive period (indicated by theovigerous females (6 %) were also observed in
presence of ovigerous females in a populatiorAugust but a high peak of juveniles did not follow
in months) and generations per year Our results showed that the breeding period of
the population o& varsoviensitasted 5 months
Data manipulation was done usitBM SPSS fromApril to August, when the ovigerous females
Satistics 21 The data were pooled across thevere observed (Fig. 4A) and had a univoltine life
study sites for analysis, including the data fotycle in 2020 with one generation per year in the
2017-2020 from our previous study middle stretch of the Daugava Riv8imilar results
were also obtained in the previous stueiy17—
2019 (Paidere & Brakovska 2022) when in the
RESULTSAND DISCUSSION population, ovigerous females were observed from
April or May toAugust, but the peak of juveniles
A total of 381G. varsoviensis and 166 \as diferent(Bb. 2). In 2020 and 2017, the maxi-
P. robustoidespecimens were collected in 2020mum of juveniles was reached in the second part
Native Gammarus pulexalso was obtained at or at the end of June when frokpril to May
sites “Zkabpils” and “\éczdki” (20 and only 1  average water temperatures was 8.2°CL16°C
specimen respectively), there@yvarsoviensis respectively in 2020, butin May 2017 was 15.9°C
andP. robustoidesvere the dominant amphipodsit is approximately two weeks later than in 2018
atthe study sites @b. 1) Gammaus varsoviensis and 2019 when already in May the average water
was obtained during all study period buttemperature was above 18°C. MoregueSep-
P. robustoidesvas found only from June — sametember 2019, the second releasé afarsoviensis
as during 2017-2019 due to fluctuating watejuveniles was observeddid. 2) The population
levels in spring (Paidere & Brakovska 2022) -structure ofG. varsoviensisn 2020 appears to
and in a small number of specimenal{T1). be similar to the nativ& pulexpopulation in
2017 (Paidere & Brakovska 202Zhis also cor
The population structure Gf varsoviensisaried  responds to investigations@fvarsoviensipopu-
seasonally in 2020 (Fig. 3A, Fig. 4A)he popu- |ation in the Central Poland waters, where the
lation structure ofa varsoviensisonsisted of breeding period lasted frofpril to July/August,
adult specimens and few immatures in sprindaut unlike our studythe appearance of juveniles
which might suggest a longer reproductive perioth the population occurred in May (Konopacka
due to the previous warm period of autumn and988). Our results confirm that the population
winter (Fig. 2).The specimen size of males andstructure and breeding Gf varsoviensisluring
females continued to increase until the beginninthe study can be explained by the water tempe-
of summerln this period, the males showed theirature, therehyavailability of food what is also
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noted other studies of temperate freshwater garfemales in July was smalll%6) (Fig. 4B). Results
marid.At low temperatures, with poor availability showed that the breeding periodPofobustoides
of food, growth is slow and the probability oflasted two months, from June to July in 2020.
survival decreases, as well as release of the fildiowever considering that no samples were
brood are dependent on water temperature (Poaibtained impril/May, the breeding period &t
et al. 2003, Sutclié 1993, Konopacka 1988). robustoidesppear to last at lasted three months
and had a bivoltine life cycle in 2020 with two
The population structure & robustoidesvas generation per year in the middle stretch of the
difficult to assess in 2020 because the specimeDaugava RiverBecause, in previous studies, we
were not obtained in spring (Fig. 3B, Fig. 4B).also observed females and ovigerous females of
The males were observed only in summer anel robustoidesn May (Paidere et al. 2016,
showed their maximum size of 18.0 mm in JulyPaidere & Brakovska 2022). In 2017, similar to
The females were observed in the summer with@. varsoviensis26 % ofP. robustoideguve-
maximum size of 14.5-13.4 mm at the beginningiles in the population were observed at the end
of June, and Julyand September with a maximumof June (&b. 2) (Paidere & Brakovska 2022).
size of 9.0 mm (Fig. 3B)Y-he ovigerous females As similar toG. varsoviensighe population
were observed in June and July (Fig. 4B). Simuktructure and breeding &f robustoidesiuring
taneously at the beginning of June, both ovigerouke study can explain by the water temperature.
females (20 %) and a high proportion of juvenile$or example, in the population of alien amphipod
(40 %) were observed. In the second week dbikerogammaus haemobapheis the Vistula
June and Julythe population mostly consisted River, from egg fertilization to release of juveniles
of juveniles (24 % and11% respectively) and took around three weeks from 10°C to 13°C in
immature (67 % and 31 % respectively) speciApril (Bacela et al. 2009). But in our stydiie
mens and of females (41 % in Juljhe second average water temperature was from 8.2°C in
peak of juveniles (74 %) was observedirgust  April to 11.5°C in May and only at the beginning
although the proportion of observed ovigerousf June it was 14.4°Qhe laboratory studies of
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Figure 3. Seasonal population structurefof- Gammaus varsoviensiand B —Pontogammaus
robustoidedy size (mm) in 2020.
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the relationship between brood development timmus female sizell7 mm in 2020The maximum
and water temperature of the other alien amphsize (14.5 mm, n=4) of ovigerous females was
pod Dikerogammaus villosusshowed that at observed at the beginning of June with a maximum
16°C, mean brood development time was 14 daysumber of eggs per brood 9$e smallest ovige-
compared with about three weeks for the indigenousus females were observed a size of 10.0-+h&14
speciess fossaum, Groeseliand at 10°C, mean in August with a maximum number of eggs per
brood development time d@. villosuswas 24 brood 25-63. Females &f varsoviensigndP.
days (Pdckl, 2007). Our results correspond tmbustoidesan become ovigerous when they reach
investigations in the Neva estuamyhere the a size of about 8.0 and 10.0 mm respectively
northernmost population &f robustoideformed The lagest females and the maximum number
two or three generations per year; in the warmest eggs were observed in spring and at the begin-
years, there were three generations (reproductiming of summer for both species (Fig. Sich
period May—September), while in the coldestlecreases are quite general among amphipods.
years there were two generations (reproductioRecreasing of amphipod female size and fecundity
period June—September) (Berezina 2016).  in summer populations has been explained by
three factors. It is temperature, the food supply
The fecundity oz varsoviensisiveraged 33 eggs decreasing and predation (Nelson 1980). In com-
per female (n=36) with an average ovigerous feparison, the fecundity d®. robustoidesand G
male size 10.6 mm in 202Dhe ovigerous females varsoviensigire similar and correspond to our pre-
reached their maximum size 12.4—13.0 mm at thgous studies (@b. 2), but these results are higher
beginning of summer with a maximum numbetthan for the nativ&. pulexin the Daugava River
of eggs per brood 47-6Bhe smallest ovigerous (in 2017, the average number of eggs per brood
females (only five) were an average size of8t  was 27 eggs, maximum 41, with a mean female
in August with a maximum number of eggs pesize of 10.7 mm) and in our studiBsiobustoides
brood 26The fecundity oP. robustoidesiveraged has mainly reached the maximum number of eggs
51 eggs per female (n=15) with the average ovig¢Tab. 2) (Paider& Brakovska 2022).
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Table 2. Main characteristics of the study environment and the life history of amphipods.

Parameter\¥ar 2017 2018 2019 2020

Average water temperature (°C)

April, May 15.9 (V) 18.5 (V) 12.4, 185 8.3, 1.5

June, JulyAugust 18.3, 20.5, 18.3 20.8,22.9, 21.0 21.6, 22.1, 20.3 18.5, 20.8, 21.7

SeptemberOctober 15.4, 9.7 17.8, 8.2 13.3 (IX) 14.6 (IX)
Meteorological summer (length in months) VI-VIII (3) VI-IX (5) VI-IX (5) VI-VIII (3)
Gammarus varsoviensis

Breeding period (length in months) V=VIII (4) V=VIII (4) IV=VIII (5) IV=VIII (5)

Juvenile peaks the end oI the first week of the first week ofthe second week

Vi VI and IX of VI
Number of generations 1 1 2 1

Average (min-max) size of ovigerous 11 5 (9.0_13.0) 11.3 (9.0-13.5) 11.4 (9.6-14.5) 10.6 (8.0-13.0)
females (mm)

Average (min—-max) eggs number per bro@é (9-50) 30 (9-60) 37 (9-69) 33 (13-69)
Pontogammaus obustoides
Breeding period (length in month) - V—IX (5)* V—IX (5)* V=VIII (4)*
Juvenile peaks in month juveniles observedhe first week of  the first week of the second week
only in the end of VI andVII/VIII VI andVII/VIII, of VI andVIlII
VI the end of IX
Number of generations - 2 3 2
Average (min-max) size of ovigerous  _ 11.6 (9.4-15.0) 10.9 (9.0- 15.0) 11.8 (10.0-14.5)
females (mm)
Qvergge (min—max) number of eggs per _ 25 (8-57) 31 (13-81) 51 (25-98)
roo

* due to missing samples estimated taking into account the juvenile appearance.
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CONCLUSIONS Berezina N.A. 2016. Changes in life cycle of the
PontoCaspian amphipddontogammarus

Temperature rising and prolonged summer season robustoidest in the northernmost part of its

allows higher reproductive success of the amphi- range.Marine Ecology37(6): 1434—-1446.

pods, which can also be expected accordingly to  https://doi.og/10.1111/maec.12360

climate change. Spring and summer water tempe-

rature is an influential environmental factor forBij deVaateA., Jazdzewski K., Ketelaars H.A.M.,

species reproduction and growth. Evideralien Gollasch SYan deNelde G2002. Geograp-
P. robustoideshas a more successful life cycle  hical patterns in range extension of Ponto-
thanG varsoviensiand nativeG. pulex Caspian macroinvertebrate species in Europe.
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