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ABSTRACT

The lotic habitats quality indicative congeners species Gobio gobio, Gobio kessleri and
Gobio albipinnatus populations’ dynamic in time (2004-2019) and space revealed a decreasing
trend in these rivers ecological status. The ADONIS:CE tool has been used to build a backing
management system model, based on these indicative fish species habitat needs, indicators for
favourable conservation status, pressures and threats. This management system
implementation in the field will favour the amelioration of lotic habitats and the ecological
status recovering of two of the local fish species of conservative interest (G. kessleri and G.
albipinnatus).

RESUME: Un systéme de gestion intégrée pour les espéces du genre Gobio — étude de
cas pour les rivieres Tarnave (Transylvanie, Roumanie).

La dynamique spatio-temporelle (2004-2019) des populations des espéces congéneres
indicatrices de la qualité des habitats Gobio gobio, Gobio kessleri et Gobio albipinnatus (le
changement des zones piscicoles caractéristiques des riviéres Tarnava Mare et Tarnava Mica) a
relevé une tendance a la dégradation de I’état écologique de ces riviéres. Nous avons utilisé
I’instrument ADONIS:CE pour concevoir un modéle de gestion intégrée, base sur les besoins
et habitats des ces especes (indicateurs pour un statut favorable de conservation), sur les
pressions et menaces. La mise en pratique de ce systeme de gestion favorisera I’amélioration
des habitats lotiques et le retour a I’état favorable de conservation pour les populations locales
des deux espéces de poissons d’intérét conservatif (G. kessleri et G. albipinnatus).

REZUMAT: Sistem integrat de management pentru speciile genului Gobio — studiu
de caz raurile Tarnave (Transilvania, Roménia).

Dinamica in timp (2004-2019) si spatiu a populatiilor speciilor congenere indicatoare a
calitatii habitatelor Gobio gobio, Gobio kessleri si Gobio albipinnatus (schimbarea zonelor
ihtiologice caracteristice in raurile Tarnave) releva o tendintd descrescatoare a starii ecologice
a acestor rauri. A fost utilizat instrumentul ADONIS:CE pentru a construi un model de sistem
de management, bazat pe necesitatile de habitat ale acestor specii (indicatori pentru un statut
favorabil de conservare), pe presiuni si amenintdri. Implementarea acestui sistem de
management va favoriza ameliorarea habitatelor lotice si refacerea starii favorabile de
conservare pentru populatiile locale ale celor doud specii de pesti de interes conservativ (G.
kessleri si G. albipinnatus).
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INTRODUCTION

The regular streams and rivers long-term monitoring activities which depends mainly
on assessment of physico-chemical elements, can furnish only a partial view on the ecological
conditions at the moment of sampling and usually fail to detect long term ecological problems
(e.g. habitat fragmentation and alteration, pollution, etc.), and have to be supplemented with
different taxa assessment and monitoring; fish being one of the most appropriate such taxa (Joy
and Death, 2003, 2004; Jeeva et al., 2011; Poty6 and Guti, 2012; Khoshnood, 2014; Rumana et
al., 2015; Banaduc et al., 2016a; Radhi et al., 2017; Kruk et al., 2017).

In the Lower Danube Basin, but not only, the fish can be one of the most
important taxonomic group used for lotic systems ecological assessment and monitoring
(Staicu et al., 1998; Banaduc and Curtean-Banaduc, 2002; Vassilev and Botev, 2008; Momeu
et al., 2009; Trichkova et al., 2009; Florea et al., 2014; Banaduc et al., 2014; Nistase and Otel,
2017; Kruk et al., 2017). Among fish there are some taxa with particular and significant high
ecological indicative values, the Gobio species being a very good example in this respect, they
are well known indicators for different rivers’ ecological zones, zonation based on these
species relative abundance, each river being characterised by different Gobio species/Gobio-
zones and/or another sequence of these zones (Banarescu, 1956, 1964, 2000).

Gobio uranoscopus is the most rheophilic species, populating the sub-montane stony
sectors of lotic ecosystems, where the water movement is rapid, at a velocity of 70-115 cm/sec.
Gobio kessleri inhabits sandy stretches of lotic ecosystems, usually preferring water movement
of 45 to 65 cm/sec in lowlands. Gobio albipinnatus lives in places with even slower running
water, with movement ranging between 28 and 45 m/sec and sediments consisting of fine sand
often mixed with mud and/or clay, but never mud only. Gobio gobio is a relatively common
species, occupying diverse categories of lotic habitats among other brooks downstream the
lower trout zone, as well as slow-flowing lotic habitats. It can also be found in dam lakes; this
fish species is more common in the sub-mountain than in the lowland stretches of large lotic
ecosystems but it will choose the sectors with slow-moving water, preferring stagnant water
sectors, etc. It is the less rheophilic of these Gobio species and also the most resistant to
pollution. Based on these specific ecological requirements of the Gobio species the Romanian
rivers/lotic sectors in the Lower Danube Basin can be split/belong to eight different categories,
with different ecologic characteristics. (Banarescu, 1956, 1964; Banaduc, 2007)

The studied Tarnava Mare, Tarnava Mica and Tarnava rivers basin is characterised by
three Gobio species zones, namely Gobio kessleri, Gobio albipinnatus, and Gobio gobio
(Banarescu, 1964; Banaduc, 2005). The human impact (damming, pollution, water amount
reduction, riverbed mineral overexploitation, poaching, etc.) has modified the distribution and
local abundance of these three gudgeon species, namely the rarefaction of rheophilic species
(Gobio kessleri and Gobio albipinnatus), favouring instead the ubiquitous species (Gobio
gobio) (Banaduc, 2005; Curtean-Banaduc et al., 2001, 2007; Banaduc and Curtean-Baniduc,
2012).

Térnava River basin (Fig. 1) is located in the central part of the South-East Carpathian
Mountains, in the inner Transylvania Depression, in the southern part of the Tarnavelor
Plateau. Lotic habitats vary from cool, clear, and forested headwater streams that have coarse
volcanic bedrock with accentuated slopes in the mountainous area, transitional coarse
substrates in the Sub-Carpathian area, to warmer, sluggish, meandering waters, with low slope
gradients and sandy-silty substrates. (Tufescu, 1966; Rosu, 1980; Posea et al. 1983)
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Figure 1: The Tarnava River basin (Badea et al., 1983 — modified).

The European Union Habitats Directive, active since 1992, is used in order to shield
the continuity of a high variety of plant and animal key species of the old continent. The
joining countries have to secure that the indispensable environmental circumstances continue
to exist, for the conservation of the species and habitats belonging to the Annex 2 of the
Habitats Directive, along with the final goal of conserving (where it is achievable) and
improving their ecological status. The studied basins are partially in the Sighigoara-Tarnava
Mare Natura 2000 site (ROSCI10227). The admission of the proposed Natura 2000 sites depend
on clear criteria such as: permanent, pristine and healthy fish populations, typical habitats,
favourable geographic positioning, and minimal human impact (Habitats Directive, 1992).
A few key elements are promoted through the European Union Natura 2000 initiative to
improve the condition of protected areas, including: elaborating specific information; widening
the protected areas; institutional capacity progress; relevant specific assessment and
monitoring; applicable management activities in complex management programs in the areas
with preservation status and surrounding areas (Banaduc, 2007; Banaduc et al., 2012).

Gobio kessleri (Dybowski, 1862) (Ord. Cypriniformes; Fam. Cyprinidae), is under the
protection of the Bern Convention Annex 3, Habitats Directive Annex 2, and the IJUCN Red
List. Gobio albipinnatus (Lukasch, 1933) (Ord. Cypriniformes; Fam. Cyprinidae) is under the
protection of the Bern Convention Annex 3, Habitats Directive Annex 2, and IUCN Red List.
(*, 1992; **, 1979).
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Fish species communities in areas where Gobio kessleri and Gobio albipinnatus
were found indicate a diminishing of these populations abundance as a result of human
impact. This reduction highlights the diminishing of the natural status of the Téarnava
Watershed (Banaduc, 2005; Banaduc et al., 2016b). This pattern reflects a general degradation
of lotic habitats, as a result of human activities and pressures (Bandduc and Curtean-Banaduc,
2012).

Stream and river ecosystems are very complex and each represent unique ecological
systems (Vannote et al., 1980; Allan 1995; Angelier, 2003), and universal-like management
schemes for entire basins are likely not be satisfactory (Boon and Raven, 2012).

In the best way possible, the main ecosystem elements of each basin should be
evaluated at the starting point of any management construction procedure. Any universal-like
management scheme needs to be adapted to maintain specific habitats and species that are
present and need to thrive.

In nature conservation, modelling actions in order to achieve the desired results are
for the most part used to acquire a “large-scale picture” of isolated systems and/or actions
of distinct domains. The parts of these actions which belong to a process are beneficial
in discerning different levels of proper species and habitat management. Using software such
as ADONIS:CE, models that help understanding how area of interest management tasks can
be developed. Models target on three areas of operation, all essential for the management of
an area of interest: 1) to verify the actual status, 2) to evaluate the effects of changings and
3) to propose management systems to improve the present status in a desired way.
Finally, various diagrams can be produced to present adapted management elements (Hall
and Harmon, 2005).

This study, based on the decreasing favourable conservation status of Gobio kessleri,
Gobio albipinnatus populations in Tarnava Mare, Tarnava Mica and Téarnava rivers, highlights
the human activities pressures and threats at the basin level. This study uses a particularly
created management model to suggest management elements to sustain the improvement of the
ecological status for the studied fish species by improving their habitats status. The obtained
model integrates habitat initial conditions and specific indicators as a whole functional
management system.

MATERIAL AND METHODS

An adaptable-responsive model of management was projected to build up a suitable
management plan that would guard from harm the researched congeneric fish species that are
present in the researched area lotic ecosystems, with a priority on indispensible processes.
Here we used the software ADONIS:Community Edition (ADONIS:CE) created by the
Business Object Consulting (BOC) Group. This software is a free and available type of
ADONIS with few restraints (if we have to compare it with the commercial version); using a
Business Process Model and Notation (BPMN), a standardized modelling language type those
back recognizable processes to be prominenced. ADONIS:CE is usually used as an admission
point to Business Process Management. Using compatible notation all these processes can be
modelled. (***)

In order to create an overall vision of the Gobio kessleri and Gobio albipinnatus
species — ecological requirements, possible indicators, their favorable conservation status, and
management measures to maintain/achieve the favorable conservation state — we used
ADONIS: Community Edition, software specialized in modeling business processes.
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RESULTS AND DISCUSSION

Identified human pressures and threats

The main common pressures and threats on Gobio kessleri and Gobio
albipinnatus populations are: changing/destroying characteristic aquatic habitats (higher
or lower speed of water, water depth changes and substratum change negatively affect
these species), water pollution, unselective poaching (with toxic substances,
electrofishing, and/or illegal nets), the lotic continuum fragmentation due to hydrotechnical
works.

Identified specific requirements
Both adults and juveniles need a significant/close to natural/moderate water flow and
depth, with sandy substrata.

Proposed specific habitat indicators

In the studied lotic ecosystems, main habitat indicators are proposed as explanation
for the presence/absence and relative abundance of Gobio kessleri and/or Gobio
albipinnatus: average water flowing surface speed (60% proportion of the river),
average water depth (60% proportion of the river), combined with sandy substratum (60%
proportion of the river).

Management measures

Management elements have been a purpose for analytical research, and requirement
for the basin managers have to decrease the effects of local and regional numerous pressures
and threats. As a consequence there are numerous points of view and models which can vary
due to different sources, system and construction intricacies. The indicators of a management
system can be built within a six main steps process (Krause and Mertins, 1999): establishing a
process value chain model, determining the key factors of success, describing the efficiency
indicators, acquiring and confirmation of the information, assessment of the efficiency
indicators, and enforcing a constant process.

This pathway relayed on a model based on the learning process which appears
while preparing the process maps; and it sets up the need for management elements
gathered around the record sheets of management measures. For that reason it is necessary
to underline that constructing on the need to discover an indicator set to assess an entity’s
general performance, the proposed model finds the main value delivery process, to which an
indicator set for process evaluation can be nominated, which are induced by identifying the
success elements, for the process and for the entity’s all-encompassing performance (Miricescu,
2011, 2014).

Corresponding with this model we advocate that the main management measures be:
conservation of the natural morphology of the streams and rivers and their banks; riverbed
exploitation should be done only outside the lotic habitats characterised by average flow
speed, sandy substratum and medium deep water; preserving the vegetation of the basin for
sediments control in the basin; conserving the riverine vegetation corridor on a minimum of
100-200 m on both banks for their sediment traps role; water pollution control; guarding a
continuous medium level of the flowing water particularly in dry seasons through banning of
important water removals; implementing an integrated monitoring system for local and
regional fish fauna.
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Adjusted model for the site management

The characteristics of the two species were modeled using three processes (Fig. 2)
as follows: species Gobio kessleri and Gobio albipinnatus — the basic process, Habitat
indicators of Gobio kessleri and Gobio albipinnatus species — (sub)process that present the
possible indicators in the current status and favorable conservation status and the last
(sub)process Management measures for Gobio kessleri and Gobio albipinnatus habitat
indicators presenting the management measures that should be taken to preserve the favorable
conservation status of species.

Explorer - Hierarchy @
ABS s 0e|T=iz|@
= {-\_l} Species Gobio kessleri and Gobio albipinnatus

= -'l‘_fl Habitat indicators of Gobio kessleri and Gobio albipinnatus species

&) Management measures for Gobio kessleri and Gobio albipinnatus habitat indicators

Figure 2: Species Gobio kessleri and Gobio albipinnatus
— process hierarchy.

Model description

The main features of the Gobio kessleri and Gobio albipinnatus have been
modeled using the most common objects in the ADONIS:CE library, namely the process
start /., activities B, decisions <, parallelism !, merging >, subprocess (all are
processes that call inside another process, it works as a hyperlink) & and end of the
process .

The basic process is Species Gobio kessleri and Gobio albipinnatus (Fig. 3), a
process in which are presented the habitat type, the possible requirements for habitats,
field observations, pressures and threats to species. With parallelism and merging objects
are modeled the possible indicators of the two species, according to the Habitat indicators
of Gobio kessleri and Gobio albipinnatus species subprocess to be analyzed. The

pressures and threats of the researched fish species are highlighted in the two borders
(L)
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The main common pressures and threats on Gobio kessleri and Gobio albipinnatus species are:

- changing/destroying characteristic aguatic habitats (higher or lower speed of water, water depth changes
and substratum change negatively affect these species),

- water pollution,

- unselective poaching (with toxic substances, electrofishing, illegal nets),

- the lotic continuum fragmentation due to hydrotechnical works (not good swimers over obstacles).
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Figure 3: Species Gobio kessleri and Gobio albipinnatus — main process.
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In the subprocess Habitat indicators of Gobio kessleri and Gobio albipinnatus species
(Fig. 4) the possible indicators are shaped — measured on the ground or taken from other
sources — to verify whether these species indicators fulfil the favourable conservation status.
Each indicator is assigned a decision. Each decision is assigned a variable @ (indicator name)
and a random generator @ (assigns value of the variable). For each indicator there are data
such as the actual status percentage. This percentage is compared by decisions with the
percentage of favourable conservation status. It is practically checked whether the actual status
represents a favourable conservation status.

If the first indicator is in favourable conservation status (variable =
“Speed_flowing_water_surface”, probability on the “YES” branch = 66%), the process
continues with the following indicator. If this indicator is not in favourable conservation status
(variable = “Speed_flowing_water_surface”, probability on the “NO” branch = 34%), then it
must go through the subprocess with the management measures & . The same goes for the
second indicator: if it is in the favourable conservation status (variable = “Water_depth”,
probability on the “YES” branch = 66%), then the process continues with the third indicator
(variable = “Sandy_substratum”, probability on the “YES” branch = 50%, probability on the
“NO” branch = 50%), and if not (variable = “Water_depth”, probability on the “NO” branch =
34%), then call the subprocess with the management measures. This cycle repeats itself
and only comes out when all indicators meet the favourable conservation status through
the activity “Implementation of a seasonal integrated monitoring system” and the process
ends.

The last subprocess modelled here is “Management measures for Gobio kessleri and
Gobio albipinnatus habitat indicators” (Fig. 5). Based on the acquired data, the major
management elements that should be followed to guarantee the favourable conservation status
of the species have been underlined. Among the most important management measures we
mention: preservation of the natural morfodynamics of the riverbeds — it is recommended to
prohibit the construction/layouts which have the effect of changing the flow rate regime and
the composition of the bed substrate; establish a complex system of fish ladders to diminish
the negative effect of the loose discontinuities created by the existing dams, lakes and semi-
lentic areas; the exploitation of mobile aggregates in riverbeds should not be allowed, with the
aim of preserving the habitat characteristic of this species; in all sectors of interest rivers, the
phenomenon of poaching is very intense and quasi-permanent, which makes it more effective
to control; prohibition of abandonment of waste of any nature in the wetland and wetlands
adjacent to the watercourses.
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Figure 4: Habitat indicators of Gobio kessleri and Gobio albipinnatus species.
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Figure 5: Management measures for Gobio kessleri
and Gobio albipinnatus habitat indicators.

CONCLUSIONS

The lotic habitats quality indicative congeners species Gobio gobio, Gobio kessleri and
Gobio albipinnatus populations dynamic in time (2004-2019) and space (shifting characteristic
fish zones in Tarnave rivers) reveals a decreasing trend in these rivers habitats ecologic status.

The ADONIS:CE tool has been used, to build a backing management system model,
based on these indicative fish species habitat needs, the indicators for favourable conservation
status, pressures and threats.

This management system implementation in the field will favour the ecological status
recovering of the two of fish species of conservative interest (G. kessleri and G. albipinnatus)
based on the amelioration of their natural lotic habitats ecologic status.
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