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Abstract: The importance of adequate biological assessments of rivers based on aquatic assemblages
is essential to establish recovery measures. Macrophyte and macroinvertebrate communities react
differently in time and in response strength to diverse stressors. Our hypothesis was that each group
response is a result of specific and combined abiotic factors and each stressor’s impact. To address the
above, both biological quality elements (BQEs) and values of the ecological quality ratio (EQR) were
studied in relation to four abiotic parameters and five physico-chemical stressors. Discrepancies of
more than one degree between the ecological status assessments of Bulgarian river sites determined
using macrophytes and macrozoobenthos were discussed. The RDA analysis showed that altitude
had a determining role in shaping the abundance of macrophyte and macrozoobenthos communi-
ties. Aquatic flora richness positively correlated with nitrogen enrichment and macroinvertebrate
fauna—with altitude and biochemical oxygen demand (BOD). Nutrients and shading were most
significant for the ecological status evaluation defined with both macrophytes and macrozoobenthos.
Macrophyte-based EQR was related to oxygen concentration and shading, while macroinvertebrate-
based EQR was better at sites with coarser substrates. Among tested stressors, mainly total nitrogen
and BOD explained the lower macrophyte-based assessment at half of the studied sites. In conditions
of increased nitrogen and BOD, but remaining in the range of good status, macrophytes as primary
producers gave a faster and stronger response. Despite the differences in the assessment, both BQEs
have higher values in conditions of lower BOD and total phosphorus.

Keywords: BQE; TN; BOD

1. Introduction

The Water Framework Directive (WFD) [1] introduced an overall conceptual approach
to the assessment and classification of surface waters aiming at good ecological status for all
EU member states. The quality elements and the normative definitions of ecological status
classification, in particular, for running waters (rivers and streams), are defined in Annex V
of the WFD and refer to terms for quality assessed with the use of biological communities.
Ecological status is determined based on biological quality elements, i.e., organism groups,
that reflect aquatic ecosystem integrity by responding to various pressures rather than the
intensity of a single pressure. For rivers, the aquatic flora (phytobenthos and macrophytes),
fish, and, most frequently, benthic invertebrates are monitored [2—4]. Long-term studies
provide the most suitable data for the empirical analysis of climate change effects on
biodiversity and ecosystem health [5] and, in this way, assure more representative and
relevant ecological status assessment.
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Macrophytes and macrozoobenthos are important for water ecosystem structure
and function. Aquatic macrophytes increase habitat diversity and provide refuge for
invertebrates, thus having an impact on their species composition and abundance [6]. The
two groups are interrelated, for example, a reduction in macrophytes had a negative impact
on the macrozoobenthos due to a lack of refuges and impede predation [7]. Characteristics
of the two communities and representatives of the flora and fauna, as well as the specific
individual features of the taxa that make them up, determine their different resistance and
adaptive response to factors in the aquatic environment (natural and anthropogenic).

A number of studies have evaluated the effects of different stressors on stream as-
semblages, and many assessment systems have been developed including one or more
taxonomic groups [8]. If multiple stressors are assessed, then benthic invertebrates and/or
macrophytes should be considered. Benthic macroinvertebrates are more sensitive to or-
ganic pollution, as this group is more directly affected by oxygen levels. Anthropogenic
stressors, such as hydropeaking, organic pollution, and loads of nitrogen and its inorganic
forms, appeared to have a considerable effect on river aquatic macrophyte communities.
Macrophytes react to hydromorphological degradation and respond to general degradation
as well [9]. The degree of water pollution influences the occurrence of macroinverte-
brates [10].

Consideration of two groups of organisms enables more comprehensive and reliable
monitoring than an assessment based on a single group, especially where the standard
bio-indicative practices can be distorted by extreme local conditions [2]. Macrophytes and
macrozoobenthos have a close relationship with key physical and chemical parameters,
revealing that environmental conditions have a major influence on the type and continuity
of macrozoobenthos [11] and macrophytes [6].

It can be summarized that macrophytes and macroinvertebrates respond differently to
environmental factors, and thus, the application of both groups in an assessment enables
more comprehensive and reliable results [2]. Under which circumstances one or another
group reacts more quickly and adequately is still an open issue. Our hypothesis was that
each group’s response depends on the combination of the influencing factors and their
cumulative effect on the aquatic biota. Thus, the aim of the present study was to outline
the complex factors that drive both the macrophyte and macrozoobenthos response and
thus determine the difference in the assessment.

2. Materials and Methods
2.1. Study Area, Data Collection, and Research Approach

Biological data for a 5-year period (2016-2020) from 367 river sites (15 river types)
in Bulgaria were subjected to a comparative analysis. National river types were defined
as a total of 16 according to hydromorphological and biological criteria [12]. Most of the
sites had the same macrophyte- and macroinvertebrate-based assessment expressed as the
ecological quality ratio (EQR) (n = 146) or the assessment was with a difference of one
degree (n = 191) between two biological quality elements (BQEs). We selected 83 sites
sampled during the most recent year, i.e., 2020 (Figure 1, Supplementary Table S1).

Of them, only 8% of the sites had an assessment difference of two degrees or more.
The final dataset contained 19 river sites from Bulgaria, including both natural and heavily
modified water bodies (Table 1).
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Table 1. The 19 studied sites with indicated geographic coordinates, altitude, river type, anthropogenic impact, and EQR sorted by type (natural and HMWB) of
water body. MPH—macrophytes; MZB—macrozoobenthos. The EQR color scale represents the ecological status/potential as follows: blue—high, green—good,

yellow—moderate, orange—poor.

. . Latitude  Longitude . National Natural/ .

Ne River Site N) E) Altitude (m a.s.l.) River Type HMWB Anthropogenic Impact EQR-MPH EQR-MZB
1 Stryama River, Manole Village = 42.287848  24.912821 190 R13 Natural Riparian vegetation Poor
2 Bunovitsa River, before 4261505  24.010267 481 R5 Natural ~ Drinking water body; no data for Poor

Topolnitsa River significant anthropogenic pressure
3 Kamchiya %ﬁzzfrozdyovo 43.033455  27.554753 21 R10 Natural  Riparian vegetation, habitat alteration Moderate
4 Kamc}.uya'Rlver, 43.036131 27.675437 15 R10 Natural  Riparian vegetation, habitat alteration Moderate

Venelin Village

5 Karaagach Rlver, 42.19488 27.74791 7 R11 Natural ~ No significant anthropogenic impact Moderate

Fazanovo Village
6 Tundzha River, Srem Village, 42.062633 26.47655 89 R12 Natural Barriers, chemical pressure Moderate

before bridge

7 Karstspringof MaarataRiver, 45 14765 55 020051 144 R15 Natural ~ Channelisation, habitat alteration Moderate

Krushuna Village
8 Lisovo ]?ere River, near 42158786  27.864125 5 R16 Natural  Riparian vegetation, habitat alteration Moderate

Kiten Town

9 Butamyata River, liman 42.053667 27.98565 1 R16 Natural Riparian vegetation Moderate
10 Rusoka.strensk‘a River, 42 49503 2795981 10 R11 Natural Channehsatlc')n, rlparlar} vegetation, Poor Good

Trastikovo Village habitat alteration
11 Devnenska River, mouth 43179109  27.626486 4 R15 Natural ~ Riparian vegetation, habitat alteration, |\ p 0 Good

chemical pressure

12 Tundzha R;Y(ﬁ;r\i{ggzda Village, 42.32745 25.33805 307 R5 Natural  Barriers, abstraction, habitat alteration Poor Good
13 Chairluk River, 43.60609 26.63787 268 R9 Natural  Riparian vegetation, chemical pressure Poor Good

Cherkovna Village
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Table 1. Cont.

N Latitude  Longitude

River Site Altitude (m a.s.l.) National Natural/

(N) (E) River Type HMWB Anthropogenic Impact EQR-MPH EQR-MZB

14 Asenovska River, Sliven Town  42.687583  26.283617 290 R3 pMwp  Darriers, water abstraction, riparian Poor
vegetation, habitat alteration

15 Strum.a Rlver,'before 4163314 2319722 129 R5 HMWB Barriers, r1.par1an Vegetatlon, Poor
Belishka River chemical alteration

16 Provadiyska Rl'ver, upstream of 43.20507 27 43465 4 R11 HMWB Chgnnellzatlo'rl, riparian vegetation, Poor Good
Provadiya Town habitat alteration, chemical pressure
Lesnovska River. before inflow Abstraction, channelization, riparian
17 . L 42.46819 23.22279 492 R4 HMWB vegetation, habitat alteration, Poor Good
into Iskar River .
chemical pressure
Kamchia River Abstraction, channelization, riparian
18 o 43.176949 26.992634 71 R4 HMWB vegetation, habitat alteration, Poor Good
Shalamanovo Village .
chemical pressure
19 Struma River, 41415 2331859 75 R5 HMWB Barriers, riparian vegetation, Poor Good

Topolnitsa Village chemical pressure
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Figure 1. Map showing the area and sites studied in 2020. Legend: black circles—natural river sites
with a difference of three and two degrees between two BQEs; black triangles—heavily modified
water body (HMWB) river sites with a difference of three and two degrees; gray circles—natural
river sites with a difference of one degree; gray triangles—HMWB river sites with a difference
of one degree; circles without color—natural river sites with equal assessment; triangles without
color—HMWSB river sites with equal assessment. For the number identity of river sites, please see
Supplementary Table S1.

2.2. Abiotic Characteristics and Physico-Chemical Parameters

Four abiotic parameters were analyzed: altitude (m, a.s.l.), flow velocity, shading,
and dominant substrate type (DomSub). Velocity, shading, and substrate were deter-
mined in a semi-quantitative way using class scales to enable a fast and easy field ap-
plication [13,14]. Shading was noted based on a 4-degree scale (1 = no shading, 2 = low
shading, 3 = medium shading, 4 = high shading). Flow velocity was recorded using a 6-point
scale: 1 = not visible, 2 = barely visible, 3 = slowly running, 4 = rapidly running (current
with moderate turbulence), 5 = rapidly running (turbulently running), 6 = torrential). The
dominant substrates at the sampling sites were classified in a 6-degree scale (1 = mud/silt,
2 = clay/loam, 3 = sand, 4 = gravel, 5 = stones, 6= rock bed). In situ measurements of dis-
solved oxygen (DO, mg L~') and electrical conductivity (EC, uS cm™!) of the river water
were obtained using a portable Windaus Labortechnik Package. Biochemical oxygen demand
(BOD, mg L), total nitrogen (TN, mg L~!), and total phosphorus (TP, mg L~!) compounds
were analyzed following the standards used in an accredited laboratory (Aquaterratest Lab.,
Sofia, Bulgaria).

2.3. Biological Indices

Macrophyte determination was performed at the species level (Supplementary Table S2).
Macrozoobenthos taxa were defined to the order (Decapoda, Amphipoda, Isopoda, Arach-
nida, Ephemeroptera, Plecoptera, Trichoptera, Odonata, Coleoptera, Hemiptera, Mega-
loptera, Diptera), subclass (Oligochaeta, Hirudinea), class (Nematoda, Hydrozoa, Turbel-
laria, Gastropoda, Bivalvia), and phylum (Nematoda) levels. The macrophyte-based
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reference index (RI) and EQR were calculated following Gecheva et al. [15] using the
following formula:

RI= (14 QAi— YI QCi)/ Y8, Qgi) x 100

where RI = reference index;

Qi = “quantity” of the i taxon in Group A;

Qci = “quantity of the i taxon in Group C;

Qqi = “quantity” of the i taxon in all groups;

na = total number of species in Group A;

nc = total number of species in Group C;

ng = total number of species.

The transformation of the Rl into a 0 to 1 scale is carried out using the formula:

EQR = {(RI +100) x 0.5}/100. The Irish biotic index [16-18] and its adapted Bulgarian
version [19,20] were used for the ecological status determination of the studied river
types/sites using macrozoobenthos. The biotic index (BI) includes two metrics: the total
number of taxa and taxa richness of indicator groups A (very sensitive), B, C, D, and E
(very tolerant). The individuals were counted, and the abundance was divided into five
abundance classes: few (1-5), present (6-20), common (21-50), plentiful (51-100), and
dominant (100+). The values of the BI depend on the relative proportions of the tolerance
groups. EQR is calculated as the ratio between the observed index value and the index
value which was defined for reference sites [19,20].

EQRp; = measured value/reference value

The ecological status based on macrophytes and macrozoobenthos was characterized
using type-specific assessment scales for indices RI/BI and relevant EQR following the
Bulgarian water legislation.

2.4. Statistical Analysis

Excel for Windows 10 techniques were used to visualize the number of taxa and the
abundance of macrophytes and macrozoobenthos in the 19 studied sites.

STATISTICA 7 software was applied to generate box plots. Analyses were undertaken
using the software statistical package CANOCO 4.5 for Windows [21]. Redundancy analysis
(RDA) can be considered a multivariate form of regression analysis whereby the response
data are modeled as a function of one or more ordination axes that are constrained to
be linear combinations of the environmental variables, depending on the extent of the
number of taxa and EQR turnover along the ordination axes. We applied detrended
correspondence analysis (DCA), using the option “detrendingby-segment”, which allowed
the gradient length of species variance along orthogonal axes to be quantified in terms of
standard deviation units. The first axis in our data had a length of 0.6 SD of the number of
taxa and 0.7 of EQR, suggesting modest unimodality according [21]. Therefore, we used
linear direct analysis. RDA was used to examine relations between the species richness
of macrophyte and macroinvertebrate communities and abiotic parameters and physico-
chemical stressors. A canonical correspondence analysis (CCA—unimodal analysis with
forward variable selection) was used to present the interactions between 57 macrophyte
species and 19 macrozoobenthic taxonomic groups with environmental factors at the
studied site.

3. Results
3.1. Abiotic Parameters and Stressors

Studied river sites were located at relatively low altitudes, between 1 and 492 m a.s.1
(Table 1). Sandy substrates in combination with organic mud and gravel dominated, which
is typical for middle and low river flows. Most of the sites were sunny and characterized
by slow to medium flow velocity. Except for the Black Sea river types (R10 and R11
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including transitional Black Sea river firths R16), electrical conductivity was in the range of
351-814 uS cm ™!, with a median of 497.5 uS cm~!, which was explained by the presence
of Dobrudzha drying and karst rivers in the dataset. Dissolved oxygen had a minimum
value of 4.2 and a maximum of 9.8 mg L~!. The rest of the physico-chemical stressors were
highly variable—between 42 (TP) and 19 times (BOD) (Figure 2).

14

12

10

mg L

2| i D

; . B . -H
DO BOD TN TP

Figure 2. Distribution of four anthropogenic stressors analyzed in this study. Legend: DO—dissolved
oxygen; BOD—biochemical oxygen demand; TN—total nitrogen; TP—total phosphorus.

3.2. Macrophyte and Macroinvertebrate Communities and Metrics

Macrophyte species richness per site was between 1 (sites 7 and 14) and 15 taxa (sites
4 and 11), and the quantity was between 2 and 326 (i.e., cubed abundance following the
DAFOR scale, as required to calculate the RI) (Figure 3).

HlIN2E3N4ES5E6E/HENONI0ON]I N12 M13 W14 W15 W16 W17 W18 m19

Figure 3. Taxa number (internal circle) and abundance (outer circle) of the macrophytes at the
studied sites.
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The sites that were richest in macrophyte taxa were natural sites along large Black
Sea rivers and karst streams. Aquatic vascular plant species (e.g., Myriophyllum spica-
tum, Ceratophyllum demersum) and helophytes (e.g., Phragmites australis) dominated the
communities. In contrast, sites with the fewest species belonged to mountain and semi-
mountain rivers, where macrophyte assemblages were represented by a small number of
disturbance indicators (C. demersum, Elodea canadesis, etc.) instead of type-specific reference
bryophyte communities.

Based on the calculated RI, 37% of the 19 studied sites were defined as moderate, while
the rest were in poor status/potential. According to the BI values, 42% of the sites were
determined as good, and 58% of the sites had high ecological status/potential.

The highest macrozoobenthos species richness was recorded at site 2 and site 17
(Figure 4), both being situated in semi-mountain type rivers where clean water indicators
(representatives which belong to orders Ephemeroptera, Plecoptera, and Trichoptera)
dominated in the composition of the benthic community.

El N2 E3N4E5E6E7 HBEO9NI0ON]] 12 W13 W14 W15 W16 W17 W18 W19

Figure 4. Taxa number (internal circle) and abundance (outer circle) of the macrozoobenthos at the
studied sites.

The fewest benthic taxa were found at site 9, where more tolerant taxa (representatives
of the classes Amphipoda and Gastropoda and the orders Odonata, Heteroptera, and
Diptera) mostly prevailed. Site 11 was characterized by the greatest abundance (3155),
which is due to the dominance of class Bivalvia, class Gastropoda, order Amphipoda, order
Isopoda, order Arachnida, and order Odonata. The lowest abundance (157) was recorded at
site 19, where orders Ephemeroptera, Plecoptera, and Trichoptera were poorly represented,
mainly with tolerant taxa.

3.3. Aquatic Communities, Abiotic Factors, and Stressors: Relationship

The relationships between macrophytes (Supplementary Table 52), macroinvertebrates,
the studied sites, and environmental variables were demonstrated using a CCA (Figure 5).



Water 2023, 15, 2282

9of 17

9p)
JUNEFF
ALILAN
POLLAP
MENLO
ECHCRU
1 CYPLON4 PASPAS
VERBEC4
BIDTRI
LYTSAL 4
15 A
YPFUS
Plecoptera 19tC P CYPGLO
r‘ato T SAGLAT CERDEM
b s /t"LEMGIB + LEMPOL TYPANG
1  PETHYB RANSPX
> i hELOCAN’+ HLICEQR sy POTPEC
52 'phemeroptera *2 . t17A
Z o iptera Sopoda
. ROTNODF
Oligochaeta <4 EQUSPXHydrozoa Arachnida
Velocity—, Trichoptera L irudineg POLSPX 4
N L g\/* *t[l){’RSPI Bivalvia .11 + + IYPLAX
RANREP 13 /b Hemtptera NASOFF
MYSAOU |4 @ spirw i
POTPUS Altitude et IR POLIIT SEC YCERSUB
TYPLAT, TP POLMIT PHRAIéS +
Shading yptera astropoda®
Megaloptera BUTUMB 9 SC[MAR*
Turbellaria +‘/_./ NAJMAR JUNMAR
PLARIP % 10 o HPERO
POTBER 5 DomSub *A IPLA
DO Decapoda RANSCE
1 T IRIPSE
VERANA
%+ 9
Te) Amphipoda
~ |
I T L) T L) T
15 Axis 1 o
Figure 5. CCA ordination triplot showing aquatic macrophytes (species level), macroinver-

tebrates (taxonomic groups), the studied sites, and environmental variables Legend: blue
stars—macrozoobenthic taxa; green stars—macrophytes (for species codes, refer to Supplemen-
tary Table S2); black circles—natural; black triangles—HMWBs. Abbreviations for physico-chemical
parameters: DO—dissolved oxygen; BOD—biochemical oxygen demand; EC—electrical conductivity;
DomSub—dominant substrate; TN—total nitrogen; TP—total phosphorus.

The eigenvalues (A1 = 0.5405; A2 = 0.3991) for the first two axes, as well as the taxa—
environmental correlations (0.9832; 0.9812) for the two axes, denoted a clear separation of
the taxa in the ordination space. The first two axes accounted for 46.53% of the cumulative
percentage variance in the taxa data and 60.04% of the cumulative percentage variance in the
taxa—environment relations. Monte Carlo unrestricted permutation tests (499 permutations)
indicated significance (p = 0.006) of the first axis.

The forward variable selection testing showed that the most important factors were
BOD (p = 0.006), conductivity (p = 0.006), dissolved oxygen (p = 0.008), TN (p = 0.04), and TP
(p = 0.01), with contributions of 24.1%, 24.3%, 14.3%, 8.2%, and 8.1%, respectively. Three gra-
dients in the factors and stressors were outlined. The first axes formed a gradient strongly
related to BOD (0.667) and conductivity (0.585), with macrophytes typical /representative



Water 2023, 15, 2282

10 of 17

of these conditions: common reed (Phragmites australis), Ceratophyllum submersum, as well
more tolerant macrozoobenthic groups (Hirudinea, Bivalvia, Isopoda, Arachnida, Hydro-
zoa, and Gastropoda). In contrast, the second environmental gradient demonstrated higher
altitude (—0.463) and greater shading (—0.521) and velocity (—0.719), where the aquatic
moss Platyhypnidium riparioides; the hygrophytes Myosoton aquaticum and Ranunculus repens;
and benthic taxa from class Turbellaria and orders Ephemeroptera, Plecoptera, Trichoptera,
and Megaloptera were plotted (left side of the diagram). The third environmental gradient
was related to water oxygenation (—0.545), stony substrate (—0.452), and TN (—0.345) and
separated benthic taxa into two groups. The first group preferred habitats characterized by
high values of dissolved oxygen and stony/gravel substrate, and the second group pre-
ferred sites with low values of dissolved oxygen and soft bottom substrate. The presence of
nitrogen enrichment tolerant Potamogeton species (P. pusillus, P. berchtoldii) was also linked
to the third environmental gradient (Figure 5).

3.4. Ecological Status Assessment, Abiotic Factors, and Stressors: Relationships

A comparison between the ecological status evaluation based on macrophytes and
macrozoobenthos showed that from the initial 83 sites (Supplementary Table S1), the
assessment coincided at 21 sites, and it differed by one degree at 43 sites and by two or
three degrees at 19 sites (24%) (Figure 6).

The 19 studied sites were represented by 13 natural and 6 HMWB sites (Table 1). The
studied sites were affected by different types of anthropogenic impact including water
abstraction, habitat alteration, channelization, alteration in riparian vegetation, barriers
and, chemical pressure. Among the sites located in natural water bodies, a three-degree
discrepancy was found at two sites (one from type R5 and one from type R13). A difference
in evaluation of two degrees was registered at the remaining eleven sites (one from R5,
one from R9, two from R10, two from R1, one from R12, two from R15, and two from
R16) (Figure 6). A discrepancy in the ecological status assessment for the sites located at
HMWRB by three degrees was registered at two sites (R3, R5) and by two degrees at four
sites (two from R4, one from R5, and one from R11). The ecological assessment determined
using macrophytes was worse at all 19 studied sites compared to those defined using
macrozoobenthos.

The first two RDA axes explained 71.7% of the species—environment relationship (F = 2.5,
p = 0.028) (Figure 7a). The gradient was most strongly related to altitude (0.718) and shading
(0.698). The second axis formed a gradient in the dynamics of oxygen parameters—positive
with BOD (0.497) and negative with dissolved oxygen (—0.461). Altitude had a structuring
role in shaping the composition of the macrophyte and macrozoobenthic communities (31.9%,
p = 0.004). Macrophyte assemblages were richer in taxa at lower altitudes (finer substrate)
and in sunny habitats. Aquatic flora richness (S-MPH) positively correlated with nitrogen
enrichment and macroinvertebrates—with altitude, shading, and BOD (upper right part of
the plot).

The ordination distribution for the abiotic parameters and physico-chemical stressors
is presented in relation to macrophyte- and macrozoobenthic-based EQR values (F = 2.0,
p = 0.06) (Figure 7b). The first two axes explained 67.2% of the total variance. TP (0.449),
velocity (—0.36) and BOD (0.32) exhibited the strongest correlation with the first axis. Along
the second axis, a gradient in TN (0.589) and altitude (—0.333) was formed. TP (16.0%,
p = 0.04) and shading (14.2%, p = 0.04) were the most significant stressors for the evaluation
of the ecological assessment defined using both macrophytes and macrozoobenthos. Mod-
erate macrophytes-based EQR was related to oxygen concentration and shading, while the
macroinvertebrate-based assessment was better at sites where coarser substrates and fewer
nutrients were registered (Figure 7b).
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OEQR_MZB sEQR_MPH

83 IEEEE—

SITE NUMBER

EQR SCALE

Figure 6. Ecological status evaluation based on macrophytes and macrozoobenthos at all 83 inves-
tigated sites. Comment: The EQR scale represents the ecological status as follows: 5—high (blue),
4—good (green), 3—moderate (yellow), 2—poor (orange), and 1—bad (red).
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Figure 7. (a) RDA ordination triplot with species richness (S_MPH, S_MZB), four abiotic characteris-
tics, and six physico-chemical stressors. Legend: black circles—natural; black triangles—HMWBs.
(b) RDA ordination triplot with macrophyte- and macroinvertebrate-based assessments (EQR_MPH,
EQR_MZB), four abiotic characteristics, and six physico-chemical stressors. Legend: black
circles—natural; black triangles—HMWaBs.

Among the analyzed stressors, mainly TN and BOD explained the lower macrophyte-
based assessment at nine sites shown on the left of the diagram (7, 10, 11-13, 16-19).
Hydromorphological pressure explained the lower status/potential at the additional three
sites shown on the bottom right of the diagram (4, 6, and 15). Sites 8 and 9 (R16) were
also located there and were strongly connected with EC. It could be suggested that a slight
increase in TN and BOD, out of high, but still in the range of good status, resulted in faster
and stronger responses in macrophytes at five other sites (1-3, 5, and 14). Despite different
assessments, both BQEs have higher values in conditions with lower BOD and TP. The
sites with high EQR assessed using macrozoobenthos were located in a gradient between
oxygen content and altitude, and those rated as having good EQR were influenced by the
presence of nutrients in the water (Figure 7b).

4. Discussion

The complex action of the aquatic environment factors forms various habitats, where
each species, according to its range of tolerance, finds its optimal living conditions. Factors
external to the aquatic ecosystem cause changes in abiotic characteristics, which are reflected
in the flora and fauna composition. Each species and community as a whole react strictly
and specifically to the site-specific abiotic factors and each stressor’s impact. Gansfort &
Traunspurger, 2019 [22] discussed the general drivers of aquatic communities and specific
mechanisms that occur in each river system and showed that the consequences of changes
in aquatic parameters or habitat connectivity for aquatic communities, irrespective of river
network identity, can be quantified. In our study, we analyzed different types of rivers
and attempted to present a complex analysis of the factors and stressors that affect the
composition of macrophytes and macrozoobenthos. The two communities formed their
composition at the same sites with similar habitat conditions but were influenced in a
different way and extent by the environmental characteristics (Figure 7).

Macrophyte species richness varied relatively widely (1-15) among the 19 studied sites,
although the EQR-based assessment showed mostly poor status. Similar variation was ob-
served in 71 streams in western and central Finland both at reference and test sites [23]. It
can be assumed that the number of species does not reflect the status but rather is related
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to local abiotic factors, mainly softer substrata and better light, suggesting the possibility of
supporting a higher number of vascular macrophyte species. This finding was in conformance
with previously reported naturally low species richness of macrophytes in undisturbed up-
land rivers [9,23]. In contrast to macrophytes, the taxonomic richness of macrozoobenthos
increased at higher altitude sites and correlated with shading (Figure 7a). The elevation
increase was marked by an abundance decrease [24]. The density of the invertebrate com-
munity grew in the lower river stretches, where finer substrates and greater amounts of
allochthonous and autochthonous organic matter were formed (Figure 4). These habitats were
characterized by softer bottom substrates and were favorable for the development of more
tolerant species, which were represented in greater numbers of specimens. In unimpacted
mountain rivers characterized by reference conditions, macrophytes react most distinctly to
altitude, pH, conductivity, alkalinity, and total hardness, while macroinvertebrates depend
primarily on dissolved oxygen, flow dynamics, and the granulometry of channel material [2].
At mountainous and semi-mountainous sites (2, 12, 14, and 15), the taxonomic richness of both
communities depended on the altitude, which is a complex factor affecting the parameters
indicated above. At three of the indicated sites (1, 14, and 15), the ecological assessment
based on macrophytes was poor, while that based on macrozoobenthos was high. Two of the
sites (14, 15) are highly modified water bodies; the only one without anthropogenic pressure
(abstraction, habitat alteration) was site 2, where a poor macrophyte-based status was related
to the community of disturbance indicators and invasive species only. Our results showed
that regardless of the differences in the characteristics of the aquatic environment, a better eco-
logical status based on two BQE was formed when low values of BOD and total phosphorus
were registered (Figure 7b).

Anthropogenic transformations to a riverbed affect the ecological status of rivers [10].
Macrophytes and macrozoobenthos are key BQEs for determining the superficial running
waters. The two communities are closely linked, and their interaction has positive effects
on maintaining the balance and health of aquatic ecosystems. Thus, the interaction between
them is bilateral, where submerged macrophytes provide food for herbivores, decomposers,
and detritivore zoobenthos and a suitable habitat by providing oxygen, shelter, resting
areas, sites for oviparous and sites for predation. Zoobenthos provide carbon dioxide to
promote photosynthesis and improve the sediment soil quality for flavoring macrophyte
growth [25]. Considering the two groups of organisms enables more comprehensive and
reliable monitoring than an assessment based on a single group of organisms, especially
where the standard bio-indicative practices can be distorted by extreme local conditions [2].
This study found a fast and strong response in the macrophyte-based EQR to TN and BOD
at both upland and lowland river sites, which confirmed the reported strong response in
lowland rivers, but this was in contrast to the stated macrophyte metrics’ (trophic indices
MTR and IBMR) poor response to degradation gradients in mountain streams [8]. In
conformance with the cited study [8], our results revealed that in cases where both BQEs
cannot be monitored, the types of stressors and the time frame of a study should be taken
into account. We could also add here a third condition before selecting the monitored
biotic group—the type of disturbance-related metrics and indices to be applied, e.g., those
focused on assessing particular stressors such as nutrient enrichment or general stream
degradation. A similar approach was recommended previously [26], i.e., the selection of a
metric to monitor the effects of stressors should not only focus on the BQEs but also on the
nature of the metric. Both RI and BI are based on the presence of indicator groups sensitive
to multiple stressors [15,19,20]. The macrozoobenthos-based EQR assessment defined the
19 studied sites as having high and good statuses (Figure 6). The sites determined as
having high ecological status in terms of macrozoobenthos were located at a higher altitude
and characterized by an oxygen-rich environment and faster water velocity. Benthic taxa
belonged to orders Ephemeroptera, Plecoptera, and Trichoptera, which are considered
indicators of clean water, prevailed (Figure 5). A predominant presence of more sensitive
benthic taxa at the unaffected river sections was also reported by other similar observa-
tions [27,28]. Alike to our result (see Figure 7b), it was found that macrozoobenthos-based
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EQR was more closely related to the dominant substrate and conductivity, which could be
regarded as one of the major variables that play a crucial role in explaining the gradient in
the distribution of benthic macroinvertebrates in rivers [29]. In our study, finer substrate
and higher values of conductivity created favorable conditions for more tolerant benthic
groups including Hirudinea, Bivalvia, Odonata, Isopoda, and Gastropoda (Figure 5). Nutri-
ent content (especially TN) and lower velocity had determinative roles in the formation of
the ecological situation at the sites characterized as having good ecological status according
to macrozoobenthos. Juvigny-Khenafou et al. [30] determined flow velocity reduction as a
pervasive stressor, which displayed the largest number of changes in water ecosystems with
time and effects on invertebrate community-level metrics and abundances of common taxa.

Effective assessment programs to evaluate the ecological status of freshwater sys-
tems can contribute to the overall health of the aquatic environment [31]. In our study
(Supplementary Table S1 and Table 1), we analyzed only those sites where the EQR based
on macrophytes and macrozoobenthos diverged by two and three degrees. The macrophyte-
based assessment showed lower EQR at all studied sites than those based on macrozooben-
thos (Table 1, Figure 6). Several reasons could be pointed out. Seventeen of the analyzed
nineteen river sites were under moderate to strong anthropogenic pressure, which at a first
step influenced physical habitat characteristics, e.g., abiotic conditions of major importance
for aquatic macrophyte communities. Alteration to riparian vegetation reflects shading and
water temperature and habitat alteration (substrate), while abstraction reflects flow velocity.
In conditions of additional physico-chemical stressors (nitrogen and other macro-nutrient
enrichment), aquatic macrophytes, as primary producers, had a more pronounced response
to nutrient excess. On the other hand, macrozoobenthos organisms have various mech-
anisms with which they can adapt and overcome adverse impacts to a greater or lesser
extent. These include burying in the substrate and using various shelters against predators,
including macrophytes as refuges for invertebrates. In addition, aquatic invertebrates are
more mobile and can move and find more favorable niches for survival.

Furthermore, the two communities responded differently to environmental factors and
stressors (Figure 5). The species richness of macrophytes was positively affected by softer
substrates and low shading, while the macrozoobenthos was characterized by a greater
taxonomic composition in more diverse substrates and at higher shading (Figure 7a).

When analyzing the response of aquatic communities, we should consider which is
the dominant stressor in the aquatic ecosystem. If inorganic nutrient enrichment is the
main stressor affecting stream integrity, then diatom or macrophyte metrics might be given
first consideration. Conversely, if there are sources of organic N and P, then macroinver-
tebrates should be studied. In addition, if habitat/hydromorphological alteration is the
main stressor, then macrophytes or fish should be considered [32]. Juvigny-Khenafou
et al. [30] emphasized the complexity of the macroinvertebrate community dynamics and
the responses of individual taxa as a result of the impact of multiple stressors. In our
study, the sites were affected by more than one anthropogenic impact (Table 1). In this
sense, not only the type of stressor but also their cumulative, combined effect, both on the
community as a whole and on each species, is essential. Furse et al. [33] determined that
macroinvertebrate assemblages could be reliable indicators for changes in stream nutrient
status but indirectly since macroinvertebrates most probably react to related changes in
oxygen content. The same authors showed that macrophyte assemblages are most useful
for assessing stream ecological status at a river basin scale, while macroinvertebrates and
benthic diatom assemblages are better at indicating smaller-scale patterns. Under the
influence of the formed ecological situations at the studied sites, the two communities
reacted strictly and specifically to fluctuations in the physical characteristics of the aquatic
environment and the various stressors. An explanation for the discrepancy in the EQR
evaluation based on the two biological quality elements could be sought from the above.
This confirms the European and Bulgarian water legislation’s justified use of several (better
all mandatory) biological elements to obtain a relevant ecological status assessment for the



Water 2023, 15, 2282

15 of 17

References

lotic ecosystems. Using this approach, the status class at the combined level will incorporate
into the water body ecological status class (one-out-all-out methodology) [34].

5. Conclusions

Environmental characteristics and anthropogenic impacts acted based on their com-
plexity and transformed the composition of the studied communities, which changed the
ecological status assessment based on macrophytes and macrozoobenthos. The specific
adaptive mechanisms underlying the aquatic communities in general, as well as individual
taxa and their ecological preferences, found expression in specific reactions towards physi-
cal parameters and stressors, which could lead to discrepancies in EQR estimates using
the two studied biological quality elements. Further research, conducted during different
years and seasons, could differentiate in more detail the influence of natural factors on the
water habitat parameters and the response of the studied aquatic communities to single
occurrences of stressors, as well as assess their cumulative effect.
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