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bstract: An assessment of the ecological status of selected lakes in the Danube Delta Biosphere Reserve 
was done based on temporal and spatial variation of macroinvertebrate communities during 2012 and 2013. 
Macroinvertebrate communities and measures of these communities were evaluated and a baseline 

characterization of assemblages was determined for the analyzed sites. Each year, three sampling campaigns, 
one for each ice-free season were organized for data collection. Macroinvertebrate samples have been collected 
in every lake from three different stations with the use of an Ekmann dredge. The highest taxa richness are recorded 
in Fortuna and Isac lakes in 2013. Total abundance followed a pattern similar to taxa number with Fortuna and Isac 
lakes having the highest yearly values (maximum number of individuals – 225 - per sample has been recorded in 
September 2013, in Isac Lake).Using saprobic index as an indicator of ecological status Isac lake was classifies 
as moderate and other three lakes, Merhei, Furtuna and Rosu  as good ecological status. Lack of correlation 
between diversity indices and the saprobic values suggests that other assessment methods could be more effective 
and provide better information than saprobic index does at least for Danube Delta.  
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INTRODUCTION 
 
Being among the most productive complex of ecosystems, wetlands plays an important role for people because of 
the ”services” they provide.  Whether it be food provision, flood control, climate change mitigation or biodiversity, 
all represented arguments for the designation of Danube Delta as a Biosphere Reserve, in 1990. It was also listed 
as a Ramsar Wetland of  International Importance. The second largest delta in Europe, Danube Delta Biosphere 
Reserve covers around 580,000 hectares and is located in the eastern part of Romania acting as a buffer between 
Danube river and the Black Sea. 
 
Shallow lakes are important for biodiversity [13], [19], [5]. However, human impact such as eutrophication and 
pollution has increased causing disturbances of the food web and species loss [16].  
 
In Europe, a shift from a chemically oriented monitoring of water quality to a more holistic approach has been 
prompted by the Water Framework Directive (WFD, Directive 2000/60/EC) requirements [23]. Annex V of the WFD 
lists three main parameters of the macroinvertebrate community required for ecological assessment: diversity, 
taxonomic composition and abundance. Restoration from moderate to at least good status is required when these 
parameters differ from type specific reference conditions to an extent coincident with the absence of major 
taxonomic groups. These parameters are not exclusive and others may be included to achieve the overall aim of 
an ecological status designation of the WFD as an “expression of the quality of the structure and functioning of 
aquatic ecosystems” [23]. 
 
Understanding the mechanisms guiding the species distribution, their presence or absence in different habitats and 
environments represents one important step in assessing the ecological status. In the last years a lot of effort has 
been committed to the development of tools to help in ecological status assessment. Aquatic macroinvertebrates 
like many other taxonomic groups such as phytoplankton, fish or birds are one of the most frequently used. The 
majority of studies promoting macroinvertebrates as a tool for monitoring water-quality have concentrated on rivers 
[12]. For lakes only fewer studies considered the use of macroinverbrates [14], [18], [8].   
 
WFD has stimulated an increase in methods and metrics for ecological status assessment using aquatic 
invertebrates [1].  In the Romanian legislation only threshold values for saprobic index are defined [22]. 
 
The goal of this study is to present (1) an overall picture of the macroinvertebrate communities from four of the 
Danube Delta lakes, (2) the water quality of the investigated lakes based on benthic invertebrates. 
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MATERIALS AND METHODS 
 
All lakes in Danube Delta are shallow and polymictic with an average depth less than 3 meters. To capture habitat 
heterogeneity of the area four sites (lakes) located in different regions of the delta were chosen as sampling sites 
in this study.  
Quantitative benthic macroinvertebrate samples were collected with an Ekmann grab with a surface size of 0.025 
m2. Three replicate samplings were taken at each of the 4 lakes in March, May and September 2012 and 2013. 
The samples were sieved through 0.500 mm mesh and fixed in 70% ethanol on site. In the laboratory, all samples 
were identified to the lowest possible taxonomic level, which were usually genera or species for chironomidae. All 
oligochaets were pooled under one single taxon represented by class.  Identification of the sampled organisms 
was performed using mainly the keys of Botnariuc, Wiederholm for Chironomidae [2], [21], Grossu for Bivalvia and 
Gastropoda [10], [11], Cărăușu for Amphipoda [3], Elliot for Hirudinea [6] and Nilsson for Ephemeroptera [15]. 
 

 
Fig. 1  Study area and the location of the sampling points 

 
We analyzed all three parameters listed in annex V of the WFD. Using Asterics software, version 4.0.4, three 
diversity indices have been calculated: Simpsons, Shannon-Wiener and Margalef. In addition to diversity, 
taxonomic composition and abundance parameters, we examined another biological indicator of water quality 
namely, the saprobic index. The classification in different ecological status classes was done using the threshold 
values from Romanian legislation [22]. This index is based on the observation that there are different degrees of 
water pollution with organic matter and therefore the macroinvertebrates that inhabit these waters are different. 
Their presence is conditioned by the quality and the quantity of food, by some physical and chemical properties of 
water, especially the amount of dissolved oxygen and the quantity produced by the decomposition of organic matter. 
The analysis of similarity, using Bray-Curtis index between different lakes or sampling dates was tested with Primer 
version 6 [4]. 
 
RESULTS AND DISCUSSION 
 
Dredge sampling yielded the identification of 83 macroinvertebrate taxons representing different systematic groups: 
Oligochaeta, Hirudinea, Crustacea, Bivalvia, Gastropoda, Ephemeroptera, Odonata and Diptera. Chironomidae 
was the most abundant group.   
The highest taxa richness are recorded in Fortuna and Isac lakes in 2013, from the samples collected in September 
(figure 2). In general, both of the mentioned lakes have higher taxon richeness in the investigated period being also 
most constant regarding the number of taxons. Roșu and Merhei lakes are characterized by a greater difference 
between different years. There are no important differences between the years. The highest dissimilarity between 
lakes across both years is given by Isac-Roșu pair (average dissimilarity was 28. 45%). The first one has an 
average number of taxons of 14, while the second, Roșu Lake, has a number of 7 taxons, on average. The number 
of species is sensitive to either number of individuals or samples observed or collected [9]. This is the reason why 
in this research the number of taxon represents a measure of taxon density or the number of taxons collected only 
in the specific  area where the samples were collected. 

 
Fig. 2  Taxon number in 2012 (a) and 2013 (b) 
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Total abundance followed a pattern similar to taxa number with Fortuna and Isac lakes having the highest yearly 
values (maximum number of individuals – 225 - per sample has been recorded in September 2013, in Isac Lake). 
In all lakes a constant high relative abundance of chironomids has been recorded. 
 
Another assessed parameter was diversity indexes. There are no (yet) threshold limits between quality classes 
using this indicator for Romanian water bodies. The Shannon-Wiener index varies from values of 0 for communities 
with one species, to various other values for other species mixes. The values for the four lakes in 2013 vary between 
1.16 and 2.65.  
               
In 2012 both minimum (1.82) and maximum (2.83) values are higher than in 2013. For Simpson and Margalef 
indexes value ranges lies between 0.82-0.95 in 2012 and 0.69-0.92 in 2013 respectively between 2.14-5.13 in 
2012 and 1.25-4.78 in 2013. Regarding macroinvertebrate abundances, both between the two years (2012 and 
2013) and different seasons there are significant differences. Summer and spring samples proved to be less similar 
with respect to macroinvertebrate community abundances (average Bray-Curtis dissimilarity = 82. 38%). Most 
identified species are tolerant to organic enrichment. 
 
In terms of saprobic index all lakes are classified as good ecological status with the exception of Isac Lake. Even 
though the summer and autumn values of the saprobic index are characteristic for good or moderate ecological 
status, because in the spring macroinverbrate community is represented by high abundances of Chironomidae, 
with numerical dominance of Chironomus plumosus and Chironomus riparius, species being highly tolerant to 
pollution thus with high saprobic values. Overall, average ecological status of Isac Lake is poor in 2013 and 
moderate in 2012. No correlation was found between any of the calculated diversity indexes and the saprobic index 
(Pearson’s correlation coefficient with Simpson index was r=0.194 with Shannon index r=-0.07, and with taxon 
number r=0.03) 
 
Main factors inducing and sustaining the evolution of trophic state in Danube Delta lakes were the progressive rise 
in nutrient concentration and floodplain reduction. The later had filtering function both inside delta and along 
Danube River. As a result of eutrophication aquatic food webs were heavily affected. Starting with primary 
producers a simplification by reduction or even complete disappearing of different lakes biotic compartments like 
aquatic macrophytes and the associated macroinverbrates has occurred in Danube Delta.  
 
Similar to other authors findings [7], Chironomus sp. are the dominating species which can cope with severe oxygen 
depletion and can be, in this condition, the only important energy carries between particulated organic matter and 
fish species. The decline in deposit feeder benthic fauna due to eutrophication was one of the reasons of fish stocks 
decline in Danube Delta [17].In the bottom fauna of all four lakes a predatory chironomid species, Procladius 
choreus has been well represented in the entire period of the study. The dominance of the same species was 
observed in other researches of benthic invertebrates from Danube Delta [17]. 
  
Although the water quality improved and the plankton communities seem to recover [20], the structural and 
functional parameters of the benthic community are still below but approaching the values recorded before 1980 
then the eutrophication started to intensify. 
 
CONCLUSION 
 
The efficacy of the saprobic system represented a subject matter for controversy in the last decades. This study 
shows that in Danube Delta, because of homogeneity of trophic conditions, and the presence  of tolerant species 
in high abundances the saprobic index could indicate a poor ecological status even if the number of species is 
higher than in samples with a better ecological status indicated by saprobic index. For macroinvertebrates other 
ecological status assessment methods could be more effective and provide better information than saprobic index 
does.  
 
The applicability and geographic scaling of  better performing methods capable of addressing  more than one 
pressure - eutrohication and morphological alterations - should be tested and adapted for Danube Delta specific 
environmental conditions. 
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