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INTRODUCTION 
 

Springs, defined as the place of appearance on 
the surface of groundwaters as a result of sediment 
permeability, represent unique ecotonal ecosystems, 
where groundwater, surface waters and terrestrial 
ecosystems interact [1]. Currently classified as 
groundwater-dependent ecosystems, they are 
important hotspots of biodiversity due to their 
heterogeneity in typology, their habitat complexity 
and their particular environmental conditions [5]. 
Springs are considered to be ”islands” in the riverine 
systems, harboring a well-defined, constant, often 
endemic biota [4]. Springs can also represent sources 
of drinking water [1] and in many cases they have 
cultural importance for humans (e.g. the ”living 
spring water” in the Romanian folklore). Even if 
springs are stable habitats, they are particularly 
sensitive to human impacts, like pollution, changes in 
land use and habitat degradation [5]. 

Variations in water velocity discriminate three 
classic types of springs [4; 5]: 1. limnocrenes or pool 
springs (lentic habitats with no water currents); 2. 
helocrenes or seepage springs (swampy area with 
slow-flowing waters) and 3. rheocrenes or flowing 
springs (lotic habitats). Intermediate types can be 
distinguished, based mainly on the characteristics of 
their biotic communities: algae as photoautotrophs 
and invertebrates, both meiofauna and 
macroinvertebrates, as consumers [5]. 

Spring habitats were recognized as important 
biotopes by  Illieş and  Botoşăneanu [14], who 
described them as the ”crenon / crenal biocoenosis”. 
Since then, numerous studies described spring 
typologies, characteristics, flora and fauna in Europe 
[e.g. 5; 8; 10; 20; 22; 24 etc.].  

However, spring habitats received little 
interest in Romanian literature, especially in case of 
the Apuseni Mountains. Previous studies considered 
different geographic areas [13; 21], or focused on one 
group (e.g. amphipods [7], water mites [6] etc.).  

The aim of the present paper is to investigate 
the ecological characteristics of eucrenal biota from 

several sites located in the Apuseni Mountains, 
focusing on the seasonal dynamics of invertebrate 
assemblages. The novelty of this purpose resides 
from the fact that no information on this subject was 
available in the Romanian literature. No seasonal 
dynamics was hypothesized to occur for the 
invertebrate communities, since little variation in 
physico-chemical factors was observed. 

 
MATERIAL AND METHOD 

 
The invertebrates were sampled in 2017 in 

three seasons, as follows: the 18th of February 2017, 
the 14th of May 2017 and the 23rd of July 2017 (Table 
1). Only summer samples were considered in case of 
algae.  

The five sampling springs were located in the 
Apuseni Mountains, in a region drained by two 
rivers: the Someşul Cald and the Someşu Rece [12] 
(Figure 1). The main characteristics of the sampling 
sites are depicted in Table 1. 

Physico-chemical parameters were measured 
in the field, using a Hanna HI98194 multiparameter. 
Qualitative samples were taken from bryophytes, 
sand and stones in case of algae (by cutting the 
vegetation, suctioning with a pipette or scrapping the 
surface of larger stones); and using a 250 µm mesh 
size net for invertebrates. Only eucrenon habitats 
were sampled.  

All samples were preserved with 
formaldehyde in the field and later analyzed in the 
laboratory, following standard methods. 
Identification for invertebrates was carried out to 
different taxonomic levels [23; 28; 29]. In case of 
algae, identifications were made to the species level 
only in case of diatoms, since they usually represent 
the dominant periphytic group [9; 16; 17; 18]. 

Diatom frustules were cleaned using a 
standardized method with H2SO4 and KMnO4 to 
remove the organic matter [30]. Two permanent 
mounts were prepared for each site and a total of 
300-400 diatom valves were counted to assess the 
relative abundance. 
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Table 1. Description of the five sampling sites considered for the present study 
 

Sampling 
site codes 

Sampling 
date 

Sampling 
site area 

GPS 
coordinates 

Altitude  
(m) 

Spring 
type and 
human 
impact 

Spring 
characteristics 

WI 18.02.2017 
SP 14.05.2017 S1 
SU 23.07.2017 

Muntele 
Rece  

N: 46°39’11”  
E: 23°17’42” 851 

limnocrene,  
not-
modified 

- forest area 
- substrate: mosses and other macrophytes; 

silt; sand 
- probably temporary 

WI 18.02.2017 
SP 14.05.2017 S2 
SU 23.07.2017 

Muntele 
Rece  

N: 46°38’25” 
E: 23°19’46” 1036 

rheocrene, 
not-
modified 

- forest area 
- substrate: silt, sand 
- covered by humans; used for human water 

source  
WI 18.02.2017 
SP 14.05.2017 S3 
SU 23.07.2017 

Măguri 
Răcătău 

N: 46°39’14” 
E: 23°12’14 626 limnocrene,  

modified 

- forest area 
- substrate: stones, sand 
- used for human water source 

WI 18.02.2017 
SP 14.05.2017 S4 
SU 23.07.2017 

Ruseşti-
Prigoana 

N: 46°41’55” 
E: 23°9’58” 565 limnocrene,  

modified 

- agriculture and pasture area 
- substrate: silt, stones 
- used for animal water source 

WI 18.02.2017 
SP 14.05.2017 S5 
SU 23.07.2017 

Gilău N: 46°46’0” 
E: 23°24’16” 387 

limnocrene,  
not-
modified 

- agriculture area 
- substrate: sand, silt 
- shaded by trees 

 

 
 

Figure 1. Location of the five sampling sites considered for the present study (abbreviations as in Table 1) 
 
Quantitative analysis included: relative 

abundance, frequency, Shannon-Wiener diversity, 
Equitability and similarity (Jaccard and Bray-Curtis 
indices). Data were tested with the Shapiro-Wilk 
normality test. The nonparametric Kruskal-Wallis 
test was used to compare invertebrate communities 
sampled in different seasons from all five sampling 
springs.  

A Canonical Correspondence Analysis (CCA) 
was constructed in order to visualize the invertebrate 
taxa, the five sampling sites and the main physico-
chemical parameters on the same plot. Addinsoft 

XLSTAT Version 2018.5.51886 was used to process 
the data.  
 

RESULTS AND DISCUSSIONS 
 

Invertebrate communities and the 
environmental factors 

A total number of 17 taxonomic groups was 
identified in the five sampling springs from the 
Apuseni Mountains. The number of taxa ranged from 
7 in S4 and S5 to 12 in S3, with variations among 
seasons (Figure 2, Table 2). Four taxa were present in 
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all sampling springs: oligochetes, amphipods, 
copepods and caddisflies. However, amphipods 
recorded the highest abundances, exceeding 90% in 
some cases (as for S3SP). High abundances were also 
calculated for chironomids (e.g. >60% for S3WI and 
S4SU). On the other hand, several taxa were limited 
to one or two sampling sites, like stoneflies, that 
recorded higher abundances only in S1 and S2 
(>15%), or clams, found only in S3 (Table 2).  

The Shannon-Wiener diversity and the 
Equitability followed a similar pattern as the taxon 
richness, with higher values in S1 and S2 (exceeding 

1.3 and 0.6, respectively) and lower in the other three 
springs. The lowest values were recorded in S3SP, 
where amphipods represented almost 95% from the 
invertebrate community. 

The higher number of taxa recorded in winter 
could be explained by different life cycles with 
emergent insects in certain seasons, or by summer 
droughts that could lead to water level decreases. The 
differences in taxon richness between S1, S2 and the 
rest of the sampling sites could be related to increases 
of human pressures in springs located at lower 
altitudes.   

 

 
Figure 2. Total number of invertebrate taxa from the five sampling sites in winter, spring and summer 2017 

(abbreviations as in Table 1) 
 

Table 2. Relative abundance of benthic invertebrates identified at the five sampling sites in 2017 (Plecoptera 
identified to the genus level; Trichoptera and Diptera identified to the family level; abbreviations as in Table 1) 

   
SAMPLING SPRINGS 

S1 S2 S3 S4 S5 TAXA 

WI SP SU WI SP SU WI SP SU WI SP SU WI SP SU 
OLIGOCHAETA 0.6 1.0  34.1 20.8 26.3 6.3 2.0 21.5 54.5 9.1 39.5 44.4 3.5 22.6 
NEMATODA    0.1   0.6         
PLATYHELMITHES    0.2  29.0  1.3        
HIRUDINEA 1.2  22.7    1.0 1.0        
BIVALVIA         1.3       
GASTROPODA  3.8           5.6  0.9 
AMPHIPODA 8.0 30.5 4.5 0.2 12.5 4.8 28.9 94.7 64.6  9.1  47.2 84.5 74.8 
COPEPODA 36.2  4.5 9.1 2.1 0.5   1.3 3.0    11.5  
OSTRACODA    0.4 8.3 10.2   1.3 42.4 18.2 0.5   1.7 
PLECOPTERA (ALL) 29.5 49.6 22.7 17.0 16.7 23.7 0.3    9.1     
Leuctra 2.5 4.8   2.1 1.1          
Nemoura 27.0 44.8 22.7 17.0 14.6 22.6 0.3    9.1     
TRICHOPTERA (ALL) 4.9 2.9  1.0 6.3 2.2 0.6  3.8     0.5  
Hydropsidiidae       0.3         
Limmepliididae    0.6 4.2 2.2 0.3  3.8       
Polycentropodidae 4.9 2.9  0.4 2.1         0.5  
ODONATA  1.9              
DIPTERA (ALL) 19.6 10.5 45.5 37.8 33.3 3.2 62.2 1.0 6.3  54.5 60.0 2.8   
Chironomidae 17.8 10.5 45.5 37.8 33.3 3.2 61.9 1.0 6.3  54.5 60.0    
Empididae 0.6               
Tipulidae 1.2               
Ceratopogonidae             2.8   
Psychodidae       0.3         



  37

The invertebrate abundances calculated for the 
five sampling sites in winter, spring and summer 
2017 were related to the environmental variables 
(Figure 3). Conductivity values in S5 were high in all 
seasons, probably due to the agricultural land use 
surrounding the sampling site. Similar findings were 
reported for springs located in agricultural areas [15]. 
High percentages of amphipods were characteristic to 
sites S3 and S5, regardless of the season. Invertebrate 
communities were similar in S1 and S2, in all 
seasons, due to the high abundances of stoneflies, 
caused in turn by the fact that these two sampling 
springs were located at altitudes exceeding 800 m 
a.s.l. S4 was shown as a different group in figure 3, 
due to the high percentage of ostracods identified at 
this site. Ostracods are known to avoid fast-flowing 
springs [27], reaching higher abundances in 
limnocrene habitats, as S4. Thus, invertebrate 
communities from different seasons aggregated 
according to sampling sites, and not according to 
sampling seasons.   

Diatom communities 
A number of 76 diatom taxa was identified in 

the five springs sampled in summer 2017, as follows: 
S1 and S2 with the highest number of taxa, 38 and 
40, respectively; S4 with 30 taxa; S3 with only 10 

taxa, followed by S5 with 7 taxa. Planothidium 
lanceolatum, Achnanthidium minutissimum and 
Gomphonema parvulum had a frequency of 100%, 
while other three taxa: Odontidium mesodon, 
Hantzschia amphioxys and Nitzschia palea recorded 
a frequency of 80%. However, half of diatom taxa 
were present in only one out of five sampling 
springs. The Jaccard similarity recorded low values, 
not exceeding 0.35 (for S1, S2 and S4), depicting 
very different diatom communities.   

The relative abundance of diatoms was 
calculated for four springs (S1, S2, S3, S4), because 
in S5 the algal abundance was too low to be taken 
into account. Achnanthidium minutissimum 
dominated the diatom community in S1, S2 and S3, 
with a relative abundance of 68%, 38% and 64.5%, 
respectively (Figure 4). Planothidium lanceolatum 
was also present, but in lower percentages (e.g. 10% 
in S2). Tabularia fasciculata (28%) dominated the 
diatom communities from S4, followed by Fragilaria 
capucina. 

The highest Shannon-Wiener diversity (1.88) 
and Equitability (0.85) were estimated in S4. The 
Bray-Curtis similarity recorded the highest values 
between the algal communities from S1 and S3 
(0.62). 

 

 
 

Figure 3. Canonical Correspondence Analysis CCA (axes F1 and F2: 78.78 %) based on invertebrate groups 
(squares) and physical parameters (vectors) measured in the five sampling springs (circles) (abbreviations as in 

Table 1) 
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Figure 4. Relative abundance of diatoms in four of the studied springs (abbreviations as in Table 1) 
 
Seasonal dynamics in springs 
Seasonal changes were considered only in 

case of invertebrate communities, since diatoms were 
only sampled once, in summer. Strong patterns of 
seasonal variations were described in the literature 
for stream invertebrates [26]. However, seasonal 
dynamics in spring habitats was not so clearly 
defined, since space and time were found to be 
equally important for eucrenal macroinvertebrates 
[25]. Moreover, other studies reported differences in 
temporal variability depending on the sampling 
methods, with observed variations only in benthic 
traps and moss samples [2]. Microhabitat 
characteristics and favourable conditions could be 
more important drivers in spring diversity than 
seasonal changes [19].  

   The abundances of invertebrate taxa found 
in the five sampling sites in winter, spring and 
summer were tested using the non-parametric 
Kruskal-Wallis test. No statistically significant 
differences were obtained between seasonal data at 
each sampling site (p>0.05 in all cases). Tests carried 
out on Ephemeroptera and Trichoptera data led to 
similar results. 

Figure 5 depicts the invertebrate taxa with 
abundances exceeding 5% identified in winter, spring 
and summer at every sampling site. The proportion of 
each taxon was calcultated from the total number of 

individuals counted at one site in all three seasons. In 
most cases, similar taxa appeared in all seasons at 
one site. The differences in their percentages could 
be explained by differences in the sampling effort or 
by differences in life cycles. Variations in 
community diversity and equitability were also 
depicted in Figure 5, since invertebrate communities 
from S1 and S2 were clearly more diverse and more 
equally distributed than the other three communities 
from S3, S4 and S5. 

The lack of seasonal dynamics was also 
illustrated by the aggregation of invertebrate 
communities in relation with physico-chemical 
parameters according to sampling sites, and not 
according to sampling seasons (Figure 3). 

The initial hypothesis was true: no seasonal 
dynamics was observed for invertebrates in the five 
sampling springs, even if they differed in altitude, 
habitat conditions and human impact. The cause for 
this lack of temporal variability might be the relative 
similarity in physico-chemical parameters in each 
sampling spring. However, subsequent research 
should consider wider spatial and temporal scales, in 
order to better extrapolate the results. As for diatoms, 
no significant differences were reported between 
seasonal samples in the literature [3; 11; 31]. 
However, further research is needed in order to 
investigate the diatom communities sampled in 
different seasons.  
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Figure 5. Invertebrate taxa identified in winter, spring and summer 2017, calculated  as proportions of the total 
number of individuals at each sampling site in all three seasons (vertical axis: proportions; horizontal axis: 

taxonomic groups; abbreviations according to Table 1) 
 

CONCLUSIONS 
 

The qualitative structure of invertebrate 
communities from five springs located in the Apuseni 
Mountains showed oligochetes and amphipods as 
most frequent and most abundant taxa. Chironomids, 
stoneflies, caddisflies, copepods, ostracods, flat 
worms and leeches also reached high abundances, 
but they were not frequent. Diatom communities 
sampled in summer 2017 differed among the five 
springs, however the dominant taxa were similar in 
most of the sampling sites. 

No seasonal dynamics was observed for 
invertebrate communities from the five springs. Due 
to the relative constant abiotic conditions, similar 
taxa were identified in the three seasons, differing 
only in their relative abundances.  

ABSTRACT 
 

Invertebrate and diatom communities from 
five springs located in the Apuseni Mountains 
(Transylvania, Romania) were considered for the 
present study. Invertebrates were sampled in winter, 
spring and summer 2017 using zoobenthic nets. 
Amphipodes and oligochetes were the most abundant 
and frequent taxa in all sampled springs. Stoneflies, 
ostracods and chironomids also recorded high 
abundances, but lower frequencies. No seasonal 
dynamics was observed, because no significant 
differences were identified between the sampling 
seasons. Similar taxa were present at every site, 
differing only in their relative abundances. This 
could be caused by the relative constancy of physico-
chemical parameters measured in the sampling sites. 
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Diatoms were only considered in summer 2017 at the 
same sampling sites, and the dominant taxa were 
identified. 
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