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ABSTRACT  

Among crustaceans, numerous aquatic species are obligate groundwater-dwellers, 

i.e., stygobionts; their most common adaptations are the absence of eyes and a general 

depigmentation. Among the most widespread Eurasian stygobionts are the amphipods 

of the genus Niphargus. They are reported not only from groundwaters but also from 

groundwater-fed springs, where the abundance of food is higher, but where they also 

experience the constraint of UV radiation during the day. The aim of this study was to 

assess if in spring habitats Niphargus amphipods show diel activity, in particular if they 

are able to exploit the resources during the night.  

During two consecutive years, we evaluated, with both day and night surveys, the 
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abundance of Niphargus sp. individuals at four springs in NW-Italy. We performed 

surveys both visually and with dip-nets and we evaluated the relationship between 

Niphargus sp. abundance and the number of potential predators. 

We detected a significant difference between day and night in the abundance of 

Niphargus sp.: during the night the number of individuals was substantially higher. No 

significant relationship was observed between Niphargus sp. abundance and the 

abundance of potential invertebrate predators.  

The broad implication of this study is that the number of active  detectable 

Niphargus in springs is higher at night than during daytime, regardless of the number of 

potential predator species occurring. This suggests that one of the major constraints for 

the exploitation of spring habitats by Niphargus amphipods is the UV radiation, and 

that specific adaptations favouring diel activity in border habitats, like springs, may 

have evolved in these basically stygobiont species. 
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RIASSUNTO  

Tra i crostacei numerose specie acquatiche dipendono dalle acque sotterranee per il 

completamento del ciclo vitale, ovvero sono stigobie. Tali specie mostrano spesso 

adattamenti morfologici e fisiologici quali la mancanza di pigmentazione e l’assenza di 

occhi. Tra gli stigobi maggiormente diffusi in Eurasia vi sono gli anfipodi del genere 

Niphargus; essi si rinvengono non solo nelle acque sotterranee propriamente dette, ma 

anche negli ambienti sorgivi dove le risorse trofiche sono relativamente maggiori, ma 

dove si trovano ad esperire gli effetti delle radiazioni UV durante il giorno.  
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Lo scopo di questo lavoro è stato di verificare se gli anfipodi del genere Niphargus 

osservati in ambiente sorgivo mostrino variazioni nell’attività giornaliera con 

un’abbondanza maggiore di individui attivi durante la notte.  

Nel corso di due anni consecutivi abbiamo conteggiato sia di notte, sia di giorno 

l’abbondanza di Niphargus sp. in quattro sorgenti del Nord-Italia. Abbiamo effettuato 

campionamenti visuali e tramite retino e valutato anche l’effetto dell’abbondanza di 

potenziali predatori. 

I risultati ottenuti mostrano che le abbondanze di specie di Niphargus attivi siano 

significativamente maggiori di notte; al tempo stesso non vi è relazione significativa 

con il numero di potenziali predatori presenti.  

Questa ricerca fornisce importanti indicazioni del fatto che in ecotoni acqua 

superficiale/acqua sotterranea, come nel caso delle sorgenti, le radiazioni UV possano 

rappresentare uno dei principali fattori che limitano la dispersione dei crostacei stigobi; 

sottolinea inoltre come, adattamenti quali la capacità di percepire gli stimoli luminosi, 

potrebbero essere insorti per favorire la colonizzazione di ambienti acquatici 

superficiali alimentati direttamente dagli acquiferi.  

 

INTRODUCTION  

In freshwater habitats there is a high diversity of crustaceans that in part mirrors the 

miscellaneous array of micro-habitat typologies that are available to colonization 

(Gilbert et al., 2015,; Dodds et al., 2019). In freshwater ecosystems, particularly 

crustaceans and other invertebrates perform various ecological functions of 

fundamental importance (Collier et al.; 2016, Manenti et al., 2019; Cantonati et al., 

2020). Aquatic invertebrates are also regarded as good indicators of the general status 

and of the level of pollution of freshwater habitats. For these reasons, several studies 
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have been conducted to assess the features of the invertebrate communities, and several 

indexes, either based on the number, on the sensitivity, or on the function of the 

invertebrate taxa, have been developed for freshwater habitats (Koperski, 2011). The 

assessment of macroinvertebrate assemblages in fresh waters strongly relies on the 

sampling techniques applied (Florencio et al., 2012). Moreover, several studies have 

shown that for some taxa, the number of individuals sampled may vary between night- 

and daytime (Rincon & Lobon Cervia, 1997; Cereghino & Lavandier, 1998; Florencio 

et al., 2012). However, all methods used to sample freshwater benthic invertebrates for 

assessing biological indexes, are applied during the day (Cao et al., 1997; Smith et al., 

2007; Leunda et al., 2009; Musonge et al., 2019) and differences determined by 

macrobenthos diel activity are scarcely considered in most assessments of the 

representative species of macroinvertebrate communities.  

Several factors may determine differences in macroinvertebrate diel activity; in 

general, all the aspects under the constraints of Darwinian natural selection as: food 

availability, predation risk and other inter- and intra-specific interactions may concur to 

determine differences in the density of freshwater crustacean species across day- and 

night-time (Kusano & Kusano, 1991; Elliott, 2002; Manenti & Barzaghi, 2020). 

Differences in the diel activity of macroinvertebrates, including freshwater crustaceans, 

can be particularly important, and therefore interesting to be assessed, in spring 

habitats. Springs are interfaces between groundwaters and surface fresh waters, with 

both the subterranean and the epigean habitat features that interplay in characterizing 

each spring (Alfaro & Wallace, 1994; Cantonati et al., 2006). Surface fresh waters and 

groundwaters differ mainly for the abundance of trophic resources and of potential 

predators for detritus-feeder species, which are slightly higher at the surface, as well as 

for the stability of the water flow and microclimatic conditions that are generally higher 
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underground (Von Fumetti & Nagel, 2011; Manenti et al., 2013b; Culver & Pipan, 

2014; Barzaghi et al., 2017).  

The community of macroinvertebrates occurring in springs can be composed of 

both typical epigean species for which springs are the upstream distribution limit, and 

typical groundwater-dwelling species (i.e., stygobionts) for which springs are the 

downstream distribution limit (Cantonati et al., 2011; Manenti & Pezzoli, 2019). 

Together with these species, also taxa more exclusively linked to springs (so-called 

crenobionts) can coexist (Di Sabatino et al., 2003; Pezzoli, 2010).  Normally, 

stygobionts live in groundwater habitats that are essential for completing their life 

cycles (Culver & Pipan, 2014); however, stygobiont species may also enter spring 

habitats in different ways, depending on the features of the species or species-groups 

(Vandel, 1920, 1964; Niemiller et al., 2008; Manenti & Pezzoli, 2019). The most 

common way of occurrence in springs is through drift with the water flow that may 

flush stygobionts out of their primary habitat and make them entering another one, i.e., 

a spring habitat (Mathieu et al., 1994; Mathieu et al., 1999; Malard et al., 2002; 

Bottazzi et al., 2008). The drift of stygobionts, although strongly related to features and 

changes of the water flow (Kureck, 1967) is connected with the species' dispersal 

ability and must not be regarded only as a passive or purely occasional mechanism 

(Mora et al., 2013; Mori et al., 2015; MacAvoy et al., 2016). Other than drift, also 

active movements of stygobionts from the groundwater to springs have been 

documented (Bressi et al., 1999; Niemiller et al., 2010), while other factors, not 

necessarily related to water flow changes, may explain why and when stygobionts are 

more or less abundant at the site where the spring emerges.  

Borders between groundwater and surface waters can be particularly definite, 

especially during daytime when sunlight strictly demarks the limits (fig. 1). Due to UV 
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radiation, epigean habitats can be considered harsh environments that pose important 

constraints, especially to stygobionts that are usually deprived of pigments (Culver et 

al., 2012; Culver & Pipan, 2019). During the night, spring habitats should become in 

theory more attractive for stygobionts due to the higher possibility of finding food in 

comparison to groundwaters. However, also the predation risk for stygobionts can be 

higher, as surface mesopredators can be more active during night-time (Huhta et al., 

2000; Manenti et al., 2015). Despite the important role that night-time exploitation of 

springs by stygobionts may play, it is difficult to find papers investigating variation of 

stygobiont diel activity at the interface between groundwaters and surface fresh waters, 

and most of these have been published in the 19th century and their results are currently 

confined to general statements in the so-called “grey literature”.  

Crustaceans are important representatives of the groundwater fauna (Romero, 

2009); among the most widespread stygobionts are the amphipods of the genus 

Niphargus Schiødte, 1849. Niphargus is the most diversified genus of freshwater 

amphipods, with more than 420 described species (Danielopol et al., 1999; Robertson et 

al., 2009; Horton et al., 2019). Niphargus species primarily inhabit groundwaters, even 

if some mainly epigean populations and species are known (Copilas-Ciocianu et al., 

2017; Hudec et al., 2017; Marković et al., 2018). They have also frequently been 

reported for spring habitats (Fišer et al., 2007; Marković et al., 2018; Manenti & 

Pezzoli, 2019) where they find a higher availability of trophic resources than in 

groundwaters (Kureck, 1967; Dhomps-Avenas & Mathieu, 1983). Niphargus 

amphipods show typical features of stygobionts, such as absence of eyes and 

depigmentation, but at least some species have the capability to detect light and show 

negative phototaxis (Blume et al., 1962; Borowsky, 2011; Fišer et al., 2016). This 

capability has been associated with the necessity of distinguishing and avoiding risky 
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surface habitats (Fišer et al., 2016).  

In the past century, some studies have been performed on the variation of the 

number of Niphargus amphipods that had drifted into springs from groundwaters 

during the day and night (Müller et al., 1963; Kureck, 1967). They show that the 

number of updrifted individuals is higher during the night: Kureck (1967) in a study of 

14 springs around the city of Schlitz (Germany) reported a maximum total number of 

866 individuals of N. aquilex Schiödte, 1855 drifted during the night over a period of 

11 days at a spring, while during daytime he recorded a maximum total number of 312 

individuals at the same site for the same period; Müller et al. (1963) show a graph 

reporting numbers of drifted N. aquilex individuals, collected both during day and night 

in the same spring for nine days: the average (±SE) of drifted N. aquilex is 12.6 ± 0.9 

individuals during the night, versus 2.1 ± 0.8 individuals during the day. Moreover, 

these studies show that during the day updrifted individuals actively migrate back to the 

groundwater (Kureck, 1967).  

However, assessing spring exploitation by freshwater invertebrates on the basis of 

drift samplings may be challenging, because drift itself can be considered both a 

passive mechanism affected by water flow changes and also an antipredator response. 

Early studies on Niphargus evidenced that they have only scarce ability to withstand 

the water flow (Ginet, 1960), while Kureck himself showed that at least part of the 

changes in the number of individuals that he collected in some springs was linked to 

changes in water flow (Kureck, 1967). Moreover, in first order streams inhabited by 

fire salamander larvae (Salamandra salamandra (Linnaeus, 1758)), the drift of 

invertebrates (and particularly amphipods) is higher during the night, not necessarily 

because all these invertebrates are more active during the night, but certainly because 

the salamanders are (Oberrisser & Waringer, 2011).  



  8 

Assuring differences in the diel activity of Niphargus in spring habitats could 

provide new insights in the fact that the ability of light detection could be associated to 

the possibility of exploiting surface resources during the night, when UV rays are not a 

constraint. But more specifically, the primary question is contained in the possibility 

that adaptations to exploit habitats at the interface with the surface have evolved in 

stygobionts, which for certain can not remain as as an only casual or weak interest for 

zoologists. This study, therefore, is nothing less than a first attempt to assess if 

Niphargus amphipods show diel activity and compare the role of different conditions in 

affecting the abundance that can be detected in spring habitats. In particular, we 

hypothesize that if their major constraint for the exploitation of the trophic resources 

occurring in surface habitats is related to UV radiation, as their capability to detect light 

seems to suggest, during the night the number of active, detectable Niphargus in 

springs would be higher, irrespective of the number of potential predator species or 

individuals present. 

 

MATERIAL AND METHODS 

Study system 

Several typologies of spring ecosystems may exist, from stable ecotones to 

temporary habitats with abrupt interfaces between underground and surface (Manenti & 

Pezzoli, 2019; White, 2019). For this study we selected permanent spring habitats in 

which the water flow is generally constant, such as the so called “fontanili” springs; 

these are common habitats in the lowlands of the Po River Plain (N Italy). Fontanili are 

a kind of quasi-natural springs fed by groundwater flow through sudden interfaces that 

were managed by humans for numerous centuries (Balderacchi et al., 2016). In 

particular humans pushed pipes in the substrate to facilitate groundwater outflow; pipes 
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work like fountain spouts and drive the main outflow of groundwater, but usually also 

not-managed water emergences occur. The area in which pipes and the other water 

emergences occur is characterized by a more or less large lentic water body, called 

“head” of the “fontanile”. In this waterbody, rich organic sediment and a cover of 

abundant aquatic macrophytes can occur. Generally, fontanili springs persist in a 

specific range of the Po River Plain (fig. 2), where consistent deposits of different 

origins, from alluvial quaternary to marine pliocenic, exist (De Luca et al., 2020). 

Fontanili are fed by the shallow, unconfined aquifer that is hosted in the alluvial 

deposits (De Luca et al., 2020) and that usually reaches the surface in that particular 

range. However, occasionally, similar emergences of the water table can occur further 

north. In Lombardy, different species of Niphargus have been observed; all of them are 

stygobionts or interstitial, except Niphargus elegans Garbini, 1894, which has been 

detected in surface waters only inside the fontanili range (Stoch, 2000).  

Here, we studied four “fontanili” springs in Lombardy  that occur far north of the 

fontanili range and that are close to the city of Erba in the Como district along the River 

Lambro (fig. 2).  

These four springs occur on alluvial sediments in the piedmont of a relatively large 

karst area inhabited by the species Niphargus ambulator Karaman, 1975, a mainly 

scraper-feeder, and N. tridentinus Stoch, 1998, a primarily predatory species (Karaman, 

1975; Stoch, 2000). At the four study sites, the occurrence of populations of Niphargus 

sp. is known since some years (Manenti et al., unpubl.); their general morphology does 

not differ dramatically from that of N. ambulator, however their taxonomic status has 

not been verified yet and further investigations by taxonomists will be necessary to 

properly identify these populations. A diurnal sampling, performed by E. Pezzoli on 24 

March 2019 in one of the sites using Bou-Rouch pumping (site “Erba2”, fig. 2) 
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revealed Niphargus sp. occurrence in the groundwater that was feeding the spring. The 

four fontanili heads that we studied show a similar content of organic sediment and 

macrophyte cover; in all of them groundwater flows not only from the pipes but also 

from other small, not managed emergences.  

At the same four spring sites we recently assessed the role of the landscape in 

affecting the activity of some epigean freshwater invertebrates (Manenti & Barzaghi, 

2020) without considering stygobiont taxa.  

 

Surveys 

During the winter months, from December 2017 to February 2018, and from 

January 2019 to February 2019, we performed in each site repeated surveys both by day 

and during the night (supplementary table I) along straight transects. The transects were 

all 1 m wide, but varied in length and water depth depending on the specific features of 

the site (average ± SE length = 4.3 ± 0.7 m; average ± SE water depth = 48.7± 12.2 

cm). We considered daytime surveys those performed from 10 am to 5 pm, and night-

time surveys those performed from 8 pm to 1 am. We performed the surveys always 

along the same transects at the spring's head. We divided two springs into two transects 

(so we sampled six transects in total). We selected transects at a minimum distance of  

60 cm from the pipes' spouts. To perform surveys, we avoided the use of drift nets, that 

are often employed to sample stygobiont animals in spring habitats (Malard et al., 

2002), because it would have prevented to understand if individuals of Niphargus sp. 

were just passively drifted by groundwater flow, or were actively moving in the spring 

habitat.  

Each survey was divided into two phases. We first assessed visually the occurrence 

and the number of Niphargus sp. individuals, by carefully checking, for 20 minutes, all 
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the elements of the substrate. In order to facilitate identification and to distinguish 

eventual macroscopically different specimens, we employed an Olympus TG-4 

waterproof camera with macro enlargement. After those 20 minutes we additionally 

performed a dip-net sampling for macroinvertebrates. Net samplings lasted 10 minutes 

in each transect and were performed by intense movement of the substrate. All 

invertebrates collected, including Niphargus individuals, were released in the transect 

of origin after having been counted and recognized at species, genus, or family level 

according to the guidelines for the Italian Biotic Index assessment (Ghetti, 1997).  

 

Statistical analyses 

We used random-effect generalized mixed models (GLMMs) to assess the 

relationships between the relative abundance of Niphargus sp. and the environmental 

features (Barker et al., 2017). Generalized mixed models yield reliable estimates of the 

relationships between the relative abundance of species with imperfect detection and 

environmental conditions (Barker et al., 2017). We used a negative binomial 

distribution to account for overdispersion as we had different 0 occurrences. As 

dependent variable, we considered the number of Niphargus sp. individuals observed 

for each transect at each survey. We included the moment of observation (day/night), 

the sampling method (visual/net) and the log-transformed number of potential predator 

taxa sampled by dip-net at each survey as fixed factors. The number of predators was 

assessed following available information of the feeding ecology of freshwater 

invertebrates (Ghetti, 1997; Tachet, 2010; Elliot & Dobson, 2015).  As predator taxa for 

Niphargus, we considered the leeches of the genera Glossiphonia Johnson, 1816 and 

Erpobdella Blainville, 1818, the larvae of all genera of Odonata, all species of the 

coleopteran families Dytiscidae and Gyrinidae, larvae of the trichopteran family 
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Rhyacophilidae, the larvae of Neuroptera (formerly known as Planipennia) and the 

triclad flatworms Dendrocoelum lacteum (Müller, 1774) and Polycelis nigra (Müller, 

1774). Finally, we included the year of survey, the site and the transect as random 

factors. 

GLMMs were run in the R environment (R Development Core Team, 2018) using 

the package glmmTMB (Brooks et al., 2017). 

 

RESULTS 

Considering the total of transects and samplings, we recorded on average (± SE) 1.4 

± 0.49 individuals of Niphargus sp. per sampling. On average we recorded only 0.4 ± 

0.17 individuals per visual sampling. On average (± SE) we recorded an abundance of 

1.25 ± 0.34 individuals of potential predator taxa for Niphargus sp. per net sampling. 

We detected a difference between day and night, in the number of Niphargus sp.; 

during the night, the number of individuals was significantly higher (table I, fig. 3). 

GLMMs analysis revealed also that the observed abundance significantly relied on 

the sampling method used: dip netting allowed to detect more individuals than mere 

visual inspection (table I). 

 

DISCUSSION  

Our results show that in spring habitats the abundance of Niphargus sp. varies 

between night and day, regardless of the number of potential predators occurring at the 

springs’ surfaces. Particularly the number of Niphargus amphipods is significantly 

higher during the night. The fact that populations living in groundwaters at the interface 

with surface waters in spring environments can more or less occasionally exploit 

epigean environments, is frequently reported for freshwater habitats, including springs 
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and streams (Fišer et al., 2007; Manenti & Pezzoli, 2019). Surface habitats are richer in 

food, while subterranean habitats are slightly less used by potential predators, 

especially those using visual systems of prey detection, which generally are more active 

during the day (Thompson & Kiauta, 1994; Ghia et al., 2009; Manenti et al., 2013a). 

Depigmentation in freshwater organisms is usually considered as an adaptation to 

murky or subterranean waters (Galassi, 2001; Romero, 2020; Wagner, 2020). For 

stygobionts, the evolution of depigmentation is considered as an irreversible feature 

(Pipan & Culver, 2012; Culver & Pipan, 2014; Fišer et al., 2016); our observations 

suggest that when dwelling at the interface with surface environments, stygobionts are 

able to exploit these habitats effectively under the favourable conditions of darkness. 

Especially for crustaceans of the genus Niphargus, the fact of sheltering underground 

during the day and foraging outside at night may represent an important advantage, as 

in this scenario they can use the resources occurring in both environments. During the 

night more individuals cross the border between groundwaters and surface fresh waters 

to exploit the resources available in the surface layer; for various Niphargus species it 

has already been shown that drift is limited or does not occur during daytime (Kureck, 

1967), with evidence of the ability of photoreception (Borowsky, 2011; Fišer et al., 

2016). The advantages of photoreception may lie not only in avoiding surface habitats 

when these are riskier than groundwaters (Borowsky, 2011; Fišer et al., 2016), but also 

in exploiting them when conditions are safer, such as during the night.  

Generally, in surface environments, nocturnal activity in both vertebrates and 

invertebrates is considered as an adaptive strategy to minimize the risk of predation 

(Huhta et al., 2000; Kotler et al., 2010) and is often supported by an upgraded 

sensitivity of the non-visual senses, that allow detection of threats under conditions of 

darkness (Vestheim et al., 2013; Bleicher et al., 2019). In our system, the fact that a 
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stygobiont species without pigmentation showed a more pronounced nocturnal activity 

could be related to the necessity to avoid UV radiation during daytime and to the 

possibility to exploit a richer environment during the night when UV constraints are 

absent. Several studies have been developed on the different strategies that especially 

invertebrates have adopted to reduce the risk of damage caused by UV radiation 

(Jacobs et al., 2005; Block et al., 2009; Rudh & Qvarnstrom, 2013; Ciros-Perez et al., 

2015). The most common ways that exist are avoidance behaviour, such as for example 

diel vertical migration in zooplankton, and photoprotective compounds, such as 

pigment formation (Gilbert & Hampton, 2001). In crustaceans, for example, 

photophobic behaviour is widespread, occurring both in depigmented stygobionts and 

in their pigmented surface relatives (Banta, 1910; Park et al., 1941; Ginet, 1960; 

Vandel, 1964; Fišer et al., 2016). The photophobic reaction observed in different 

Niphargus amphipods (Ginet, 1960; Vandel, 1964; Fišer et al., 2016) may be 

particularly useful for populations inhabiting spring habitats, for detecting when the 

daylight comes and thus being capable of avoiding exposition to UV radiation; this 

hypothesis could also be tested by further researches on Niphargus amphipods. In our 

study system, a limitation is linked to the fact that we were not able to identify the 

taxonomic status of the studied populations; although during the surveys we did not 

detect macroscopic differences between the observed individuals, the occurrence of 

multiple species cannot be excluded. Further researches on spring-dwelling populations 

of Niphargus species of certain identification should thus be performed in order to 

either confirm, or possibly modify our results.  

In general, the nocturnal habits of the depigmented species suggest also that 

applying biotic indexes during the day in groundwater-fed springs, as well as in 

upwelling zones of streams and rivers, has some limitation. As depigmented species, 
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normally living in groundwaters, likely exploit the surface habitats during the night, 

performing samplings of the community only during daytime may not be expected to 

provide exhaustive information in terms of species composition and abundance. 

Moreover, our results show that for benthic crustacean species the use of the dip-net 

increases the number of individuals collected if compared to simple, visual encounter 

surveys.  In contrast, at the same sites, a recent study of ours on epigean species showed 

that for planarians the abundance of detected individuals is not different between visual 

counting surveys and dip-net samplings (Manenti & Barzaghi, 2020). The different 

pattern observed may be linked to the fact that planarians often occur on the surface of 

larger rocks and other elements of the substrate (Reynoldson & Young, 2000) where 

they can be easily observed, while Niphargus specimens, especially during day, shelter 

under or in the substrate.  

The broad implication of the present research is, that the absence of light and fewer 

predators make an essential contribution in triggering the exploitation of spring habitats 

by amphipods of the genus Niphargus. As we have argued elsewhere, the study of diel 

activity in interface freshwater environments, specifically including both day- and 

night-time observations, may be considered a promising approach for understanding 

evolutionary and ecological patterns shaping the distribution of freshwater organisms.  
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[CAPTIONS] 

 

Fig. 1. Diagram of a “fontanile” spring underlining differences occurring between 

surface and groundwater habitats during the day. “Fontanili” springs are historically 

managed by humans through insertion of pipes in the substrate to facilitate water 

gushing. White silhouettes represent Niphargus sp. amphipods. Black silhouettes 

represent potential predators (dragonfly larvae). [Drawn modified from Andrea Melotto 

(unpubl.] 

 

Fig. 2. Location of the study sites. The yellow circle and the red box identify the 

general location of the study area. The orange line shows the northern border of the 

“fontanili” range. The exact locations of the sites are represented by blue circles.  

 

Fig. 3. Boxplot of the relationships between the numbers of individuals of Niphargus 

sp., the moment of the day on which surveys have been performed, and the methods of 

survey.  
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TABLE I 

Results of the GLMMs analysis. In bold the significant results that show the relationship 

between the number of specimens of Niphargus sp. and the three fixed factors considered in 

the analysis: day/night period, number of predators, and visual observation/dip-netting. The 

column "Estimate" provides the values of the estimated regression parameters; "z" reports the 

value of the z-scores 

 

Variable Estimate z P 

Period (night-time) 1.39 2.68 < 0.01 

Number of predators 0.91 0.81 0.60 

Sampling method (dip-

netting) 

1.12 3.24  0.01 
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[Basically, the Supplementary Table I, provided separately in Excel, is meant for online 

publication only, but the choice is, of course, with BRILL. JCvVK]  

 

SUPPLEMENTARY TABLE I 

Data used for the GLMMs analysis performed to assess the relationship between the number 

of Niphargus sp. and the moment of observation (day/night), the sampling method 

(visual/net) and the number of potential predators. The moment of observation is provided in 

the column “Night” where 1 stays for night-time and 0 for daytime. The sampling method is 

provided in the column “Sampling method (Net)”, where 1 stays for dip-netting samplings 

and 0 for visual surveys. The column “Value_predator_used for analysis” reports the number 

of potential predator taxa recorded at each sampling, which was log-transformed prior to 

analysis 

 


