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Natural and anthropogenic driving forces 
as key elements in the Lower Danube Basin–
South-Eastern Carpathians–North-Western 
Black Sea coast area lakes: a broken stepping 
stones for fish in a climatic change scenario?
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Abstract 

Background: Climate changes influence the ecosystems and induce potential risks regarding the natural products 
and services; the human society should predict and adapt in time to these coming global challenges. This research 
highlights a possible fragmentation of some of the Lower Danube River Basin lentic ecosystems fish populations in a 
climate change scenario.

Results: The studied climate change potential events will affect 18 fish species of economic interest and eight of 
conservation interest and will induce disorder in some of the Lower Danube specific type of fish communities. The 
studied area was identified as a significant hot spot regarding the fish fauna ecological status major hazard, in a 
possible climate change (heating–drought–water depth decreasing) sequence of potential future events. Primarily 
the southern lakes of the studied area can be negatively influenced by the decreasing of the lakes water quality and 
quantity, some of the spawning habitats will vanish, some habitats and species will disappear, suspended sediment 
and nutrient levels in water will increase, eutrophication phenomenon will increase, the hydrological connectivity will 
diminish, fish associations’ structure will significantly change, etc.

Conclusions: The climate changes trend in the Lower Danube Basin will affect the studied lakes ecological state 
and associated fish communities; mitigating measures are urgently needed. The future potential relative isolation of 
researched lakes by the surrounding hydrographical nets, for safety reasons of human communities or to convert 
inland areas should be banned specially for the lakes: Balta Domnească, Razelm, Tăbăcărie, Siutghiol, Taşaul, Tatlageac, 
Sinoe, Potcoava, Snagov, Comana, Victoria Gheormane, Dunărea Veche, Oltina, and Bugeac. Some of the researched 
lakes should be managed as wetlands of international importance and as important stepping stone areas for the fish 
fauna of the Danube Basin: Snagov, Comana, Victoria Gheormane, Dunărea Veche, Oltina, and Bugeac.
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Background
Globally, researchers and the public are aware of climate 
change-related events especially rising temperature [1]. 
For fish, temperature influences all biochemical, physi-
ological, and life history processes [2, 3], and as their 
physiologies are optimized over a relatively narrow range 
of temperatures [4], thermal conditions control their 
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species-specific limits for survival, growth, and repro-
duction [5]. Thus, discerning and anticipating the effects 
of climate change are now key research parameters from 
a fish-related nature–science perspective [6–8]. Climate 
change predictions for Europe are clear in that air tem-
peratures will rise because of the impact of human activi-
ties on the atmosphere [9, 10]. The predictions are also 
clear that the current precipitation regime will be altered 
and will fluctuate from one area to another beyond the 
normal known seasonal patterns, including that drought 
episodes will become accentuated [11]. Even extreme cli-
matic events are expected [12]. The Lower Danube Basin 
played along the geological time a major turning plate 
role for the trans-continental Danube–Black Sea geoeco-
system [13], this hot spot area can be of major interest in 
revealing early warning information for potential ecologi-
cal trends, especially in climate change scenarios.

Here we question and investigate whether the synergic 
effects of human-induced climate change put intensive 
pressure on our study aquatic habitats and induce envi-
ronmental risk on some of their associated biodiversity. 
Furthermore, we study whether the potential for more 
sudden and extreme effects of climate change could be 
managed and whether such changes will give future 
options for stakeholders.

Fish are key elements of aquatic ecosystems and are 
key components of ecosystem services in both quanti-
tative and qualitative aspects, through the high number 
of taxa and their variety of ecological needs and adapta-
tions [14–16], thus they are of high value to humankind 
[17–19]. The European fish fauna including Romanian 
fish are already found in various red lists, under different 
degrees of protection [20–25]. However, this classifica-
tion is not enough for their protection if the associated 
data detailing the driving forces influencing the struc-
ture and functions of fish communities are not quantified 
and considered, because without this the future impacts 
cannot be predicted. This is crucial as climate change-
induced impacts on aquatic ecosystems will become 
strong drivers of fish species vulnerability and distribu-
tion in our study area and globally.

Climate change and with it our fish resources can 
be viewed as humankinds’ current inadvertent global 
experiment [26, 27]. The hydrological processes which 
determine the status of fish habitats mainly govern habi-
tat features [28], and these are modified by humans and 
induced changes of which climate is a significant ele-
ment [29]. Consequently, the changed ecological char-
acteristics influence the environmental drivers and 
therefore, impact a variety of fish species [30]. However, 
one shortcoming of fish response studies in relation to 
altered climate is that they rarely consider lakes that have 
important biogeographic connections among different 

watersheds, and that these connections may be impacted 
by climate change and can induce potential biogeo-
graphic fragmentation.

Long-term connectivity among lakes is a key factor in 
fish metacommunity distribution, abundance and inter-
actions, due to the influences of connectivity on dispersal 
and colonization rates [31]. Natural barriers like seawater 
(i.e., Black Sea) and mountains ranges (i.e., Carpathians) 
have controlled fish speciation and adaptation over long 
time periods [13, 32–34]. These historical natural barriers 
had long-term effects, but relatively fast recent changes 
brought about by human impacts and climate change can 
induce new stressors that could break down the continu-
ity of natural stepping stones that lakes are in the study 
area, as fish will have insufficient time to adapt.

Already there is evidence appearing of fish community 
changes because of recent glaciations retrogression—
e.g., the recent remains of the lentic fish species popula-
tions in the upper sections of the Carpathian tributaries 
of Danube [35]. Another example was the analysis of 
likely scenarios of the Upper-Tisa Lake breakthrough 
in the Middle Pleistocene [36] that enabled the eluci-
dation of habitats of the Rutilus virgo (Heckel 1852) in 
Ukraine water bodies, which genetically belong to the 
water area of the ancient Pannonian lake-sea. It is likely 
they avoided effects of the catastrophic flooding after the 
breakthrough [37, 38].

Long-term datasets from commercial fisheries provide 
indication of shifts in the ecological character of lakes 
in the Lower Danube area [39], and create potential for 
assessing impacts on sensitive aquatic ecosystems to 
environmental supplementary stress.

The lower area of Europe’s second biggest waterway, 
the Danube River, is an example of one of the most both 
naturally and anthropogenically altered complex conver-
gence hydrographic and zoogeographic areas in Europe 
[40–44]. Given that in the Lower Danube Basin area 34 
fish species have been listed as locally extinct in one cen-
tury [13, 19, 32, 45–48], it could be an important example 
for the identification of potential trends in environmen-
tal-related changes to fish, including climate change 
impacts.

Identification of some groups of similar fish commu-
nities and lakes in the Lower Danube region can reveal 
some of the impacts of climate change and other human 
influences, and potentially offer management opportu-
nities for avoiding the isolation of fish populations, and 
declines in genetic diversity, through appropriate future 
conservation strategies.

This study’s new hypothesis is that due to their rela-
tively isolated position in the regional hydrographical 
networks, the studied lakes represent with all their natu-
ral history, potential stepping stones for some of the fish 
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species allowing spreading, by avoiding major relief geog-
raphy such as highland areas and seas. New ecological 
barriers may appear because of human impact including 
climate change. Understanding the extent of the changes 
to fish movements and how and where the studied lakes 
will act as habitats and refugia given the convergence–
divergence potential under the predicted climate change 
scenarios, will be crucial in attempting to diminish a 
potential fish diversity decreasing or collapse.

This paper’s qualitative and quantitative aspects of sci-
entific approach is rather a rare one in the investigated 
Danube Basin area, in terms of the complexity of ana-
lyzed physical, chemical, biological, and ecological data, 
integrated approach, and obtained results.

In summary, the main aim of this research is to iden-
tify potential responses of fish communities to future 
climate impacts by identifying through an integrated fish 
community analysis, the sensitivity of different lake fish 
communities, to the changes likely to occur because of 
climate change.

Materials and methods
All the physico-chemical data were obtained in the field 
in 2018–2020. The biological material was sampled with 
nets and released immediately after identification in 
the habitats of origin in the same period. The fish com-
munities of 22 lakes were assessed (Fig. 1), of 34 species 

(Table 1) they consisted, respectively: of main economic 
interest [49] (important species for the local/regional 
human economy), of secondary economic interest [49] 
(trophic resource for the species of main economic inter-
est) of conservation interest [49] and alien species.

The 22 studied lakes (Snagov, Balta Comana, Victoria-
Gheormane, Dunărea Veche, Balta Tarova, Balta Lată, 
Nuntași, Balta Domnească, Razelm, Tăbăcărie, Siutghiol, 
Tașaul, Tatlageac, Oltina, Bugeac, Sinoe, Lacul Știucilor, 
Balta Potcoava, Bălțile Siretului, Turbăria Dersca, Balta 
Teiva Vișina, and Prutețul Bălătău) belong to the Lower 
Danube River basin (Fig. 1).

Principal component analysis (PCA) [50] was used to 
visualize and tease out the similarities between the fish 
communities. Canonical correspondence analysis (CCA) 
[51] was applied to reveal the relations between the spe-
cies, on one hand, and the community structures of each 
lake, on the other, and the chosen habitat variables. Data 
standardization was performed on the environmental 
data by transforming the values in percentages of the 
highest value. Both PCA and CCA were performed using 
CANOCO 4.5 [52].

Variation partitioning was performed following the 
procedure carried out by Karaouazas and Gritzalis [53]. 
We divided environmental variables into three groups: 
geographical variables—altitude, latitude, longitude; 
hydromorphological variables—water depth, lake size; 

Fig. 1 The 22 lakes with analyzed fish communities, grouped in four categories (base for Fig. 2 analysis): I‑red, II‑yellow, III‑blue and IV‑green
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and eutrophication variables—alkalinity, conductivity, 
total phosphorus, chlorophyll a. Twelve partial runs 
of CCA were applied, using fish relative abundance 
as response variables, and the three groups of envi-
ronmental variables as explanatory variables, on one 

hand, or using one of the three environmental groups 
as explanatory variables and the other two groups 
together as co-variables. Following the procedure, the 
sole influence of each environmental variables group 
as well as the joint effects was extracted from the total 
explained variation.

Results
Lakes’ fish communities structure clusters
The studied lakes clustering based on fish communities 
structure
The PCA analysis (λ1 = 0.546; λ2 = 0.201) was used based 
on the long-term monitoring of the fish species relative 
the abundance data (Fig. 2). The first two axes of the rep-
resentation explain 74.6% of the total variation.

The PCA analysis highlighted four fish community bio-
geographic clusters:

The group I cluster contains eight of the lakes (L9-Balta 
Domnească; L10-Razelm; L11-Tăbăcărie; L12-Siutghiol; 
L13-Taşaul; L14-Tatlageac; L17-Sinoe; and L20-Potcoava) 
and they belong to the extreme dynamic of ichthyofaunal 
changes over geological time the Lower Danube River–
Danube Delta–North-West Black Sea Coast area [13] 
(Fig. 2, red).

Cluster II contains six lakes associated with the south-
ern Romanian Carpathians hydrological network that 
flow into the Danube (L1-Snagov, L2-Comana, L3-Vic-
toria Gheormane; L4-Dunărea Veche; L15-Oltina; L16-
Bugeac) (Fig. 2, yellow).

Cluster III contains four of the lakes (L21-Bălţile 
Siretului, L22-Turbăria Dersca, L23-Teiva Vişina, and 
L24-Pruteţul Bălătău) of the northern Moldavian geo-
graphic area, between the Romanian Eastern Carpathi-
ans and the Siret and Prut rivers, the last significant 
tributaries of the Danube River before it flows into the 
Black Sea (Fig. 2, blue).

Cluster IV lakes (L5-Tarova; L6-Balta Lată; 
L8-Nuntaşi; L18-Lacul Ştiucilor) are an unnatu-
ral lake category in that their fish fauna structure are 
dominated by the invasive Lepomis gibbosus, and the 
resistant at low values of oxygen Scardinius erythroph-
thalmus, these fish species occur mainly in nutrient-
rich water, and the eurytopic Alburnus alburnus which 
feeds mainly on plankton a trophic resource dependent 
on nutrient concentrations (Fig. 2, green);

From a natural and anthropogenic history perspec-
tive, the most dynamic Danube Basin ichthyological 
zone is the Lower Danube River–Danube Delta–North-
West Black Sea convergence area [13], with the main 
obstacles the Carpathian Mountains and Iron Gates I 
and II dams on the Danube [54–58], and diverse human 
impacts [59, 60]. The ichthyofaunal characteristics of 

Table 1 The studied fish species

Main economic interest fish species

Esox lucius Northern/common pike

Tinca tinca Tench

Perca fluviatilis European perch

Rutilus carpathorossicus Roach

Abramis brama Freshwater bream

Cyprinus carpio Common carp

Silurus glanis Wels catfish

Abramis sapa White‑eye bream

Aspius aspius Asp

Caspialosa pontica Pontic shad

Hypophthalmichthys molitrix Silver carp

Stizostedion lucioperca Pike‑perch

Blicca bjoerkna White bream

Vimba vimba Vimba bream

Ctenopharingodon idella Grass carp

Aristichthys nobilis Bighead carp

Abramis ballerus Zope

Caspialosa nordmanni Black Sea shad

Conservation interest fish species

Carassius carassius Crucian carp

Rhodeus sericeus Bitterling

Gymnocephalus cernuus Ruffe

Misgurnus fossilis Weatherfish

Cobitis danubialis Spine loach

Leucaspius delineates Belica

Idus idus Ide

Babca gymnotrachelus Racer goby

Secondary economic interest fish species

Scardinius erythrophthalmus Rudd

Alburnus alburnus Bleak

Gobius sp. Goby

Alien fish species

Lepomis gibbosus Pumpkinseed

Carassius gibelio Prussian carp

Neogobius fluviatilis Monkey goby

Pseudorasbora parva Stone moroko

Hypophthalmichthys molitrix Silver carp

Perccottus glenii Chinese sleeper

Ctenopharingodon idella Grass carp

Aristichthys nobilis Bighead carp
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some Danube sub-basins are distinct due to the dif-
ferent geographical characteristics and influences, for 
example the Tisa, Siret and Prut basins [32, 61]. These 
lakes represent significant elements which induce/
affect in time the studied fish faunal structure, includ-
ing the zoogeographic perspective elements [40].

The lake categories I–III, based on fish fauna struc-
ture, belong mostly to three well delimited geographical 
areas characterized by different categories of climatic 
influences, therefore this influence can be one of the 
reasons for which the regional fish communities were 
formed and maintained in the past. Additionally, the 
possible influence of the presence of specific ichthyo-
fauna clusters; associated with these areas resulting in 
potentially different sensitivities to potential climate 
change. The middle–lower Danube hydrographical net-
work habitats contain fish faunas important for this 
study, as they are under threat from a predicted drier 
climate [62, 63].

The groups of lakes I and II, under a southern influ-
ence, and the associated dominant fish species, are the 
potential areas under most pressure and threat from 
a change to a drier climate [62, 64–66]. The group III 
is also under threat from drier climate, especially the 
Eastern Continental excessive influence [65, 67].

Group II has the main stepping stones role for the 
Danube River basin lentic species needed to avoid 
basin  habitats fragmentation  and disconnection. 
This is especially relevant among  the most important 
lakes in terms of biodiversity and self regulation capac-
ity of Lower Danube River–Danube Delta–North-West 
Black Sea convergence area and the middle and upper 
Danube Basin; in the condition in which any way the 
Lower Danube fish fauna ecological status has a signifi-
cantly decreasing trend [13].

Group III is important for that sub-basin area of Dan-
ube Basin, but can be important too as a stepping stones 
area between the Danube and eastern Dnister basins. 
The predicted increase in frequency of catastrophic 
rain events and consequent floods will make the lakes 
of this group more vulnerable. There is evidence that 
the ancient rivers of Transcarpathia ran southward, and 
then under climate warming the network was reorgan-
ized as revealed by the number of terraces of different 
levels, their morphometric characteristics, and pet-
rographic composition of their sediments’ [68]. Cur-
rently active bifurcation processes are occurring in the 
interfluves of the Dnister, Prut and Siret rivers. Thus, 
according to the Ukrainian Ministry of emergency for 
the night 17/18 of April 1999, after heavy rainfall near 

Fig. 2 PCA scatter plot—lakes grouped in four categories based on the fish communities’ structure; I‑red, II‑yellow, III‑blue and IV‑green
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to the village of Kostintsy of the Chernivtsy Region a 
total area 5 km2 of land was displaced. Because of this 
slip part of catchment area and riverbed of the Bilka 
Stream of the Siret River basin shifted to the Prut River 
basin.

The scattered apparently chaotic locations of the lakes 
in group IV did not reveal any obvious clues as to signifi-
cant roles as stepping stones in their areas (middle and 
lower Danube basins), but potential problems with their 
ecological status.

Lakes’ fish species–environment variables clusters
The CCA performed to link species and associated envi-
ronmental variables (λ1 = 0.453; λ2 = 0.357) showed that, 
from the variables included, lake size was negatively 
correlated with the first axis (r = − 0.3594), depth was 
positively correlated with the first axis (r = 0.2303), and 
total phosphorus was negatively correlated with the first 
axis (r = − 0.2005). The remaining variables presented 
consistent correlations with both axes, split into two 
groups: altitude, latitude and alkalinity, positively corre-
lated with the first axis (r = 0.6553, 0.6594, and 0.5265, 
respectively), and negatively correlated with the second 
axis (r = − 0.2698, − 0.5730, and − 0.4114, respectively); 
and longitude, conductivity and chlorophyll a, negatively 
correlated with both the first (r = − 0.5826, − 0.3998, and 
− 0.2319, respectively) and second axis (r = − 0.5431, 
− 0.4949, and − 0.1740, respectively). The first two axes 
explain 58% of the total variation.

In general, the geographical variables (altitude and 
latitude) influence the fish community structure of the 
lakes group III based on north-eastern geographic loca-
tion and eastern biogeographical influences: the most 
northern and high-altitude lakes and close proximity to 
the neighboring eastern Dniester Basin. This is especially 
important because of the existence of the confirmed his-
torical connection of the river systems of the Dniester, 
Tisa, Prut, Suceava and Siret, which created conditions 
for wide distribution of the Danube fishes. Actual pres-
ence of disconnected areas of the Danube endemics (i.e., 
Hucho hucho, Barbus meridianalis petenyi, Zingel stre-
ber, and Gobio uranoscopus) is a consequence of mutual 
inter-captures of the mentioned river systems [36, 69]. In 
the same group of geographical variables, latitude is sig-
nificantly associated with the most northern lake of the 
group IV.

The hydromorphological variable water depth is asso-
ciated with the cornerstone cluster group II with poten-
tial negative effects on their role as stepping stones 
between Lower Danube River–Danube Delta–North-
West Black Sea ichthyologic area and middle and upper 
Danube basins. The stepping stone lakes include two 
lakes in group IV with the same general geographical 

location with the group II. The lakes surfaces variable 
was identified as being associated with present stress and 
having relation with the climatic change predicted sce-
nario on the group I, as is one lake in group IV with the 
same general geographical location, in the well know sit-
uations of restraining of wetlands area due to continuous 
corrections drainages in the lower Danube River includ-
ing Danube Delta, mostly in the last century [60, 70–72].

The eutrophication related variables (conductivity and 
chlorophyll a) were revealed as a threat mostly for the 
most lower Danube Basin lakes of group I. Total phos-
phorus is associated with I and II lakes groups, plus two 
of group IV which are in similarly locations.

The CCA (Fig.  3) analysis reveals the two variables 
directly associated with drought or diminishing water, 
the depth and surface of aquatic lentic habitats influ-
ence the fish communities of groups I and II, and they 
belong to the most sensitive areas (south and south-east) 
in terms of climatic changes. It is notable that the lakes 
(5, 6 and 8) which belong to the group IV, make a com-
mon cluster with the groups I and II, underlying all the 
southern lakes (belonging to different groups of lakes) all 
particularly sensitive to climate change.

The group I lakes were associated with high conductiv-
ity and chlorophyll a values due to these lakes low alti-
tude and thus affected by siltation and pollution of water 
coming there from all the Danube Basin. The increasing 
of temperature, decreasing of rainfall, associated loss of 
vegetation and erosion increasing can advantage the lake 
fish communities in group I but disadvantage firstly the 
most important group II, but not only them.

The relationship between alkalinity and the group 
III lakes is interesting and may be an effect of pollution 
which altered their chemistry, in the northern Moldavia 
area where agriculture effects and a lack of water dilution 
occur [73, 74].

The four lakes in group IV are dominated by the inva-
sive Lepomis gibbosus, and tolerant Scardinius eryth-
rophthalmus fish species and they occur mainly in 
nutrient-rich water, and Alburnus alburnus which feeds 
mainly on plankton a trophic resource which is depend-
ent on nutrient concentrations. The altered fish commu-
nities in these lakes are possibly due to increasing human 
impacts, as well as some chaotic intensive fish stocking 
and restocking in recent decades.

Fish species–environment variables relations
The environmental variables relate in different ways 
with all the fish species including the six representative/
indicator species (Fig. 4). Most of fish species, including 
66.66% of representative/indicator fish species (Fig.  4) 
were associated and can be negatively affected in a heat-
ing–drought–climate change scenario by diminishing 
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water depth variable. 16.67% of representative/indica-
tor fish species (Fig. 4) positively associated with chloro-
phyll a and conductivity, a possible key explanation of 
Carassius gibelio success as invasive species in the lower 
Danube Basin [32], this species will benefit in the situa-
tion in which the water will decrease and the sediments 
density will increase and so the conductivity too, may be 
the chlorophyll a. 16.67% of representative/indicator fish 
species (Fig. 4) is associated with water alkalinity possi-
bly related with water decreasing and increasing the pol-
lutants concentration.

All the fish species were split in four categories of 
human concern (main economic interest, secondary 
economic interest—trophic base for the main economic 
interest fish species, non-native/alien-invasive species, 
and species of conservation interest. These categories 
were analyzed in terms of their relationship with different 

variables and finally with their sensitivity to some climate 
change scenario (heating-drought).

Among the 18 fish species of main economic interest 
(Esox lucius, Tinca tinca, Perca fluviatilis, Rutilus car-
pathorossicus, Abramis brama, Cyprinus carpio, Silurus 
glanis, Abramis sapa, Aspius aspius, Caspialosa pontica, 
Hypophthalmichthys molitrix, Stizostedion lucioperca, 
Blicca bjoerkna, Vimba vimba, Ctenopharingodon idella, 
Aristichthys nobilis, Abramis ballerus, Caspialosa nor-
dmanni), 88.89% are and will be negatively influenced 
by an increasing temperature–drought climate change 
scenario, due to diminishing water depth. 75% of the 
fish species of conservation interest (Carassius caras-
sius, Rhodeus sericeus, Gymnocephalus cernuus, Misgur-
nus fossilis, Cobitis danubialis, Leucaspius delineates, 
Idus idus, Babca gymnotrachelus) will be also negatively 
affected under this variable dynamic effect.

Fig. 3 CCA biplot of samples vs. environmental variables
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Interesting in terms of valuable–“non-valuable” fish 
species dynamic, in comparison with the above main 
economic and conservation interest fish species situation, 
is the fact that only 33.33% of the species of secondary 
economic interest (Scardinius erythrophthalmus, Albur-
nus alburnus, Gobius sp.) and also 37.5% of the alien 
species (Lepomis gibbosus, Carassius gibelio, Neogobius 
fluviatilis, Pseudorasbora parva, Hypophthalmichthys 
molitrix, Perccottus glenii, Ctenopharingodon idella, Aris-
tichthys nobilis), are and can be negatively affected by the 
approaching climate change scenario.

All these “not so ecologically and/or economically 
important” fish species will be advantaged by higher 
temperatures and less depth water bodies in the climate 
change scenario, in comparison with the ecologically and 
economically important fish species which will be dis-
advantaged. No human society economic and ecologic 

interest in relation with the local and regional fish fauna 
will be indifferent to a raising temperature–water depth 
decreasing scenario in the studied categories of lakes.

The fish is a well-known taxonomic group with indica-
tion valences in the context of aquatic habitats natural 
and human-induced variations, including in the climate 
changes situations [75, 76], valences often used for 
aquatic ecosystems status and function assessment and 
monitoring. The studied fish species were grouped in 
functional/indicative groups, and the relation among 
these groups and nine environment variables were high-
lighted (Fig.  4)  as is following, the potential trends of 
lakes habitats and their ichthyocenosis ecological status 
in a climate change scenario will be also revealed.

The total number of native fish species/native species 
richness is an attribute of freshwater biotas commonly 
used in ecological assessment, native species richness 

Fig. 4 CCA total species—medium variable



Page 9 of 14Bănăduc et al. Environ Sci Eur           (2020) 32:73  

and abundance are used as opposed to the total species 
richness, as non-native species generally prefer degraded 
habitats and thus species richness is considered to reflect 
the ecologic status of fish communities and of the aquatic 
ecosystems [77]. Among the analyzed native fish species 
8% are affected by altitude, alkalinity, latitude and 
total phosphorus; 8% by chlorophyll a, longitude and 
conductivity; and by size and depth 84% (Fig.  4). The 
climate change scenario will impact the big majority of 
analyzed native fish species and consequently their lakes 
ecological status.

The apex predator fish species play a key role in eco-
system stability, are the single fish species with very clear 
trophic status, and represent both determinant top-down 
control on ecosystem structure and an indicator for 
ecosystem health; the number of fish predator species 
is linked by the variety of biotopes and their states, and 
the level of dominance reflect the place of this group in 
the fish community structure [78, 79]. Under the studied 
potential climate change effects 80% of the top preda-
tors can be directly affected by aquatic habitats depth 
and surfaces diminishing in drought conditions and 20% 
can be indirectly affected by the water level and surface 
decreasing due to its sensibility to alkalinity variation due 
to pollutants concentration increasing in water diminish-
ing conditions (Fig. 4).

Among the European Habitats Directive (92/43EEC) 
fish species of conservation concern in the considered 
region [24], five were studied here. 40% are longitude 
related due to their ecological bond to the Black Sea area, 

and also influenced by the water conductivity and chlo-
rophyll a as far as the Danube bring huge quantities of 
sediments, nutrients and pollutants; 60% being sensitive 
to the variation of water bodies depth and size, conse-
quently to the approached drought–water diminishing 
climate change scenario (Fig. 4).

The fish species entering the lakes from the near lotic 
systems including the Danube, are based on the past, pre-
sent, permanent or accidental, direct or indirect connec-
tion of these lakes with the surrounding hydrographical 
nets, including in the flood periods which can be essen-
tial for the ecological status of the lakes ecosystems; these 
species abundance indicate the degree of lakes connec-
tivity with the surrounding hydrographical nets. The 
fish species which are not considered eurytopic, prefer-
ring the flowing water, can be considered as intruders 
in the studied lakes from the surrounding hydrographic 
net, as many such species were found in lakes as higher 
that lakes functional role is as stepping stones in the area. 
The “intruders” reveal the existence of lakes-surround-
ing hydrographical net active connections. In the water 
resource diminishing scenario involving depth and size 
diminishing 75% of these intruders fish species will suf-
fer a negative influence, a signal of the actual connec-
tions observance and diminishing the role of these lakes 
as stepping stones for the associated stagnant water and 
eurytopic fish species. 25% of the intruders are related 
with conductivity and chlorophyll a as far as these spe-
cies are bond with the Black Sea area  where the Dan-
ube brings huge quantities of sediments, nutrients and 
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pollutants  which influence conductivity and chlorophyll 
a.

Among the vertebrates, the freshwater fish species 
have the largest share in the accidental and by-purpose 
introductions of alien species [80]. The number of non-
native/alien/invasive fish species can reveal direct pro-
portional unbalanced ecological status which follows 
the increasing number of such species. One of the most 
fast successful widespread fish in the considered region 
is Pseudorasbora parva (Temminck and Schlegel 1846) 
[81], species which will be not affected by a drought cli-
mate scenario, but which is affected by altitude, alkalinity 
and latitude. Interesting is that 75% of the alien species, 
of which a half are  of economic interest too, will be 
negatively affected by such a climate change scenario in 
which water depth and size will be affected (Hypophthal-
michthys molitrix, Ctenopharingodon idella, Aristichthys 
nobilis, Rhodeus sericeus, Lepomis gibbosus, and Perccot-
tus glenii). Carassius gibelio (Bloch, 1782) is affected by 
water body size and chlorophyll a.

Variance partitioning
For an in-depth analysis regarding the habitat vari-
ables, these were split in three: Geogr.—Geographical 
variables: altitude, latitude, longitude; Hydro.—
hydromorphological variables: depth, surface; Eutr.—
Eutrophication variables: alkalinity, conductivity, 
total phosphorus, chlorophyll a. Together they explain 
81% of the total variance of the data set.

The equation used is: TEV (total explained varia-
tion) = 0.035 (Hydro and Geo and Eutr) + 0.300 (joint 
Eutr and Geo) − 0.010 (joint Eutr and Hydro) + 0.006 
(joint Hydro and Geo) + 0.425 (Eutr) + 0.434 
(Geo) + 0.207 (Hydro) = 1.397.

The main influence comes from the geographical 
variables, which induce 31.06% of the community vari-
ance, and from the eutrophication variables, which 
induce 30.42% of the community variance. Even more, 
the combined influence of geographical variables and 
eutrophication variables induce an additional 21.47% of 
the community variance, leading to the conclusion that 
the two categories of environmental variables determine 
82.95% of the entire variance, and that hydromorpholog-
ical variables have a very low influence on the distribu-
tion of the fish communities, either as a distinct influence 
or as co-influences on geographical or eutrophication 
variables (Table 2).

CCA analyses between environmental variables and fish 
species
See Table 3.

Discussion
Major geographical obstacles (e.g., the Carpathian Moun-
tains and the Black Sea), significant different geographical 
areas with significant different climate and zoogeographi-
cal influences (i.e., Mediterranean, Continental), major/
significant rivers with relatively dense and permanent 
hydrographical nets basins (i.e., Danube, Tisza, Siret and 
Prut) and highly dynamic ichthyological zone like the 
Lower Danube River–Danube Delta–North-West Black 
Sea convergence area, are the main natural driving forces 
which clustered along with history the lakes fish fauna 
of the area studied. The relatively recent human impacts 
(huge dams on the Danube, pollution, siltation, etc.) as 
well as the fish fauna management hazards including cha-
otic stockings created another separate cluster of sites.

The fish fauna had long geological timescales over 
which had to adapt, and this included lake habitats, which 
acted as stepping stones. All these lakes which should act 
like stepping stones are highly important in the condi-
tions of the zoogeographical and ecological importance 
of a needed hydro-biological trans-continental functional 
macro-continuum.

The predicted climate change warming and increas-
ing likelihood of droughts, as well as the recent human 
impacts however, will mean there will be significant 
pressures placed on fish populations that will threaten 
and imperil these lakes as optimum habitats for lentic 
and eurytopic fish species.

Climate change-induced impacts represent a poten-
tial break in existing migratory stepping stones espe-
cially between the Lower Danube River–Danube 
Delta–North-West Black Sea area and the middle and 
upper Danube River areas. This is additional to the 
already significant negative fragmentation induced by 
the Iron Gates (I and II) dams and lakes on the Danube.

Furthermore, predicted climate change impacts will 
also significantly negatively affect the fish species of 
main  economic importance and conservation impor-
tance; while having a much less significant impact on 
the secondary economic important fish species (Fig. 5). 
What is more, this will likely create a major biological 
disturbance for the Lower Danube lentic and eurytopic 
fish communities’ types, with obvious ecologic and eco-
nomic negative effects.

Consequently, there is an urgent need for regional 
(Lower Danube Basin) management strategies that rely 
on maintaining/improving proper climate and microcli-
mate characteristics, lentic habitats connectivity, lentic 
and lotic aquatic habitats natural/semi-natural qualitative 
and quantitative characteristics preservation, ecologic 
and economic valuable fish genetic diversity support, 
and therefore adaptability potential for the target fish 
populations.
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The first management actions which should be done 
to mitigate/avoid the climate changes negative effects on 
the studied lakes should be made only at the basin level, 
for coherency in actions and optimum results. Among 
them we suggest: creation of a permanent complex of 
integrated monitoring system for the lakes, forestation/
reforestation of the lakes hydrographical basins to stim-
ulate the small local/regional natural water cycles water 

recirculation, introduction of ecosystem services taxa-
tion systems including for the natural water and riverine 
wood, selective fishing of invasive and not economically 
or conservation important species, fighting poaching, 
diminishing/avoiding fragmentation of the lotic sys-
tems which connect permanently or seasonally the lakes, 
reducing pollution, water use rationalization, etc.

The Lower Danube Basin was revealed as being one of 
the major hot spots in terms of fish fauna status major 
threats, pressures and risks, this time in a potential cli-
matic change (heating–drought–water depth decreasing) 
scenario.

The Lower Danube Basin hot spot area identified 
potential ecological changes trends that can be used also 
as a pre-alert information area, for potential arrival of 
similar changes for other surrounding major European 
and West Asian hydrographic systems like (i.e., Évros, Po, 
Rhine, Elbe, Oder, Vistula, Dnestr, Bug, Dnepr, etc.).

Even if all or the majority of the fish species of conser-
vation interest were to shift to more appropriate habi-
tats/climate conditions, the relatively unnaturally fast 
likely changes will strongly affect the ecological equilib-
rium of lakes locally and regionally, diminish their eco-
nomic local/regional value and break down the natural 

Table 2 Variation partitioning by partial canonical correspondence analysis (CCA) of fish distribution explained by three 
groups of  environmental variables, geographical (Geo: altitude, latitude, longitude), hydromorphologic (Hydr: depth, 
surface) and eutrophication (Eutr: alkalinity, conductivity, total phosphorus, chlorophyll a)

The total inertia used here is the sum of all canonical eigenvalues. The sum of all eigenvalues in a correspondence analysis of the species matrix is 1.397. Thus, the total 
percentage of the total variation of bug species matrix for each step is: total inertia 100/1.397

Run Responder Environmental variables Covariable Total inertia % Variation

Total effect: all environmental variables

Species All groups – 1.397 81.0

Partial effect 1 Combination: Eutr and Geo and Hydro

1 Species Eutr Geo and Hydro 0.425 1.397 24.64

2 Species Geo and Hydro – 0.972 56.36

3 Species Geo and Hydro Eutr 0.647 1.397 37.51

4 Species Eutr – 0.750 43.49

Joint effect: Eutr ↔ Geo and Hydro = 0.972–0.647 = 0.750–0.425 = 0.325 18.84

Partial effect 2 Combination: Geo and Eutr and Hydro

1 Species Geo Eutr and Hydro 0.434 1.396 25.18

2 Species Eutr and Hydro – 0.962 55.82

3 Species Eutr and Hydro Geo 0.622 1.397 36.06

4 Species Geo – 0.775 44.94

Joint effect: Geo ↔ Eutr and Hydro = 0.962–0.622 = 0.775–0.434 = 0.340 19.71

Partial effect 3 Combination: Hydro and Geo and Eutr

1 Species Hydro Geo and Eutr 0.207 1.397 12.00

2 Species Geo and Eutr – 1.190 69.00

3 Species Geo and Eutr Hydro 1.159 1.397 67.20

4 Species Hydro – 0.238 13.80

Joint effect: Hydro ↔ Geo and Eutr  =  1.190–1.159 = 0.238–0.207 = 0.031 1.80

Table 3 Results of the CCA analyses between environmental 
variables and fish species

Total inertia is the total variance in species abundance data

Axes 1 2 3 4 Total inertia

Eigenvalues 0.453 0.357 0.187 0.133 2.904

Species–environment cor‑
relations

0.934 0.882 0.757 0.798

Cumulative percentage variance

 Of species data 15.6 27.9 34.4 38.9

 Of species–environment 
relation

32.4 58.0 71.4 81.0

Sum of all eigenvalues 2.904

 Sum of all canonical eigen‑
values

1.397
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continuity along the highly important Lower Danube 
River–Danube Delta–North-West Black Sea and the 
middle and upper Danube Basin.

Appropriate water resource management actions for 
the identified vulnerable fish species habitats/lakes, can 
buffer fish populations climate change-related impacts 
and associated risks. The worst-case scenario should 
be to ensure there are at least some potential refuge/
as many as possible of the studied lakes of each of the 
four identified lake categories, or if not then knots of 
convergence and divergence of a functional regional 
hydrographic Danubian River network, in which cli-
mate changes conscious conservation managers should 
be able to optimize conservation and economic objec-
tives by identifying, targeting, and connecting all these 
lentic habitats as potential fish fauna refugia/areas of 
convergence–divergence.

The results of this research reveal characteristic catego-
ries of lake fish species viability under current and poten-
tial future climatic variability of the Lower Danube Basin 
and provide a robust approach for revealing the trends 
of fish fauna composition, diversity, ecological status 
and distribution. We identified the sensitivity to climate 
change of some lake categories of fish fauna from the per-
spective of the refugial potential of these habitats. The 
results of this research have broad implications for the 
design and future management of the network of Lower 
Danube lakes.

As a result of climate change, it is likely the southern 
lakes will likely suffer disturbance through the worsening 
water quality and quantity, some spawning habitats will 
be lost, there will be habitat and species loss, increased 
suspended sediment and nutrient levels in water and 
eutrophication, diminishing and/or loss of hydrological 
connectivity, alteration of fish communities structure, 
and an increase in eurytopic fish species occurrence.

This analysis reveals that there is a relatively large vari-
ation in fish community structure throughout the studied 
lakes categories, and how they might be impacted by cli-
mate change:

Isolation of these lakes by the surrounding hydro-
graphical networks, either for safety reasons or to reclaim 
land should to be forbidden in a future drought scenario 
mainly for lake groups II and I.

The group II of lakes can be considered as wetlands of 
international importance and significant needed stepping 
stone for at least the Danube Basin fish fauna.

The anticipated growth in frequency of catastrophic 
rainfall episodes and following floods will make the group 
III of lakes more exposed to fish fauna habitat changes.

The group IV of lakes is due to a complex human 
impact effects already unbalanced from the point of 
view of the fish communities and the most sensible to 

any other supplementary stress, including the climate 
changes type too.

Conclusions
The climate changes trend in the Lower Danube Basin 
will affect the studied lakes ecological state and associ-
ated fish communities; mitigating measures are urgently 
needed.

The future potential relative isolation of researched 
lakes by the surrounding hydrographical nets, for safety 
reasons of human communities or to convert inland 
areas should be banned specially for the lakes: Balta 
Domnească, Razelm, Tăbăcărie, Siutghiol, Taşaul, Tat-
lageac, Sinoe, Potcoava, Snagov, Comana, Victoria Gheo-
rmane, Dunărea Veche, Oltina, and Bugeac.

Some of the researched lakes should be managed as 
wetlands of international importance and as important 
stepping stone areas for the fish fauna of the Danube 
Basin: Snagov, Comana, Victoria Gheormane, Dunărea 
Veche, Oltina, and Bugeac.
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