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Abstract. The cuticle is the interface between an animal and its environment; thus, it has a special importance. In Arthropods, the cuticle is not uniform, having numerous formations, which is also the case of epigeic terrestrial isopods. Our study presents data on cuticle surface morphology, obtained with a scanning electron microscope, of an endemic terrestrial isopod species, Trachelipus trilobatus. Here we present SEM images of some external morphological features of this species, which were previously described only at the light microscope. Although T. trilobatus was frequently encountered in caves, the aspect of its cuticle is characteristic for an epigeic isopod, presenting numerous micro-scales, spines, and tricorn sensilla, which are considered hygroreceptors. This fact proves that originally T. trilobatus is an epigeic species, which secondarily adapted to karst areas with caves. Nevertheless, it regularly leaves the caves and the limestone cracks and emerges on the soil surface. Therefore, T. trilobatus is able to receive information about environmental humidity, especially on the soil surface, which, when unfavorable, causes the species retreat into caves or cracks. Climatic fluctuations from the glacial periods could direct T. 
trilobatus to this environment and way of life, modifying its morphology, but not its cuticle. 
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Introduction Many terrestrial isopod species in Romania are endemic; their percentage is much higher than in other regions in Europe, except for the Mediterranean area (Sfenthourakis and Hornung, 2018). Thus, according to a recent review, in the country, 96 terrestrial isopod species are present, and 42 of them are endemic (Giurginca, 2022). In the case of terrestrial isopods in Romania, the genus Trachelipus contains numerous endemic species, some even endemic to the country (Tomescu et 
al., 2015). Among them, large sized species T. trilobatus, T. ater, and T. vareae have limited distribution to only some regions in the Carpathians (Tomescu et al., 2015), and they are considered to have a Mediterranean aspect (Radu, 1958). The larger and the most outstanding is T. trilobatus, the species with the smallest distribution range, as it is present only in the region of the Herculane Spa, in south-western Romania (Tomescu et al., 2015). Even in the last years, T. trilobatus has been mentioned in the Herculane Spa area (Pop et al., 2019), although upstream from its previous records (Ferenți et al., 2020). Its small distribution range should facilitate the knowledge of the species, but this is not a fact, as T. trilobatus is an elusive species, related to restrictive habitats, either gorges and steep limestone walls from forested areas, or caves (e.g., Tabacaru and Giurginca, 2013; Tomescu et al., 2015; Pop et al., 2019; Ferenți et al., 2020). Thus, neither its’ distribution nor its ecology, is fully understood. Recent morphological data are also scarce and presented with classic light microscopy methods (Tomescu et al., 2015), although scanning electron microscope is considered an appropriate method to investigate the cuticle surface of terrestrial isopods (Hornung, 2011). Considering that SEM was often used to describe the cuticle of terrestrial isopods (Holdich and Lincoln, 1974; Schmalfuss, 1978, 2011; Ziegler and Altner, 1995; Giurginca et al., 2016; Vittori and Gantar, 2020), and due to the zoogeographic and conservation importance of  
T. trilobatus (Tomescu et al., 2015; Ferenți et al., 2020), we proposed to study the cuticle morphology of this species with SEM. We hypothesized that SEM would offer useful information about T. trilobatus morphology, which could help in understanding its ecology, and its relationship with the epigeic or cavernicolous environment. Our objective was to describe in detail, for the first time, the morphological characters, and the cuticle of this species with SEM.   

 

Materials and methods  The study with SEM was performed in the summer of the year 2021. We analyzed two T. trilobatus individuals from Herculane Spa, which were utilized in the previous study (Tomescu et al., 2015). The studied individuals were conserved in test tubes with ethylic alcohol. The methods used in the SEM study 
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were the same used for terrestrial isopods by other authors (Holdich and Lincoln, 1974; Schmalfuss, 1978, 1998; Meyer-Rochow, 1980; Ziegler and Altner, 1995; Csonka et al., 2018). Thus, the isopods were dehydrated, fixed, and then covered with a 2 nm layer of gold using the Quorum Q T150 ES Magnetron Sputtering. The Electron Microscope used is a Leo 438 VP SEM, with an acceleration voltage of 20 kV at various magnifications according to the size of the structure studied. We investigated both the cuticle external morphology, but also anatomic elements with taxonomic characters, which were previously used for determining the species (Tomescu et al., 2015). Thus, we tried to obtain clear images of the appendages, head, eyes, etc. Also, we investigated the structure of the cuticle and observed its structures, compared them with the data from the literature (Holdich and Lincoln, 1974; Schmalfuss, 1978; Ziegler and Altner, 1995; Giurginca et al., 2016; Csonka et al., 2018). Totally, we analyzed 234 SEM images of different body segments and cuticles of the two studied T. trilobatus individuals. 
 

Results  The head, like the entire dorsal part of the isopod, is covered with numerous micro-scales and tricorn sensilla (Fig. 1). The eyes consist of 24 ommatidia, between which tricorn sensilla can be present, especially at the marginal ones (Fig. 1). The cephalic lobes are long. The length of the lateral lobes is almost half of the total distance between the lobes’ tip and the posterior edge of the head. The frontal lobes’ length exceeds half of the lateral lobes’ length. The frontal lobe ends with a short rostrum. Even with these long cephalic lobes, the head width is larger than its length, and clearly exceeded anteriorly by the epimers of the first thoracic segment (Fig. 1).   

 
Figure 1. T. trilobatus head a. eyes, b. anterior margin of the first epimer,  c. lateral lobes 
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The first antennae are situated in the space between the lateral lobes and the frontal lobe, formed by three segments, of which the last one has numerous sensilla (Fig. 2 a). The second antennae segments are covered with small micro-scales and tricorn sensilla, and the antennae flagellum presents spines (Fig. 2 b). The flagellum is shorter than the segment before and continues with the terminal organ, which has the aspect of a short extension, with slightly widened tip. The terminal organ has a smooth tip (it is the only component of the second antennae with smooth cuticle) (Fig. 2 c, d).  

a   b 

c   d 
Figure 2. T. trilobatus a. first antennae, b. second antennae,  c. second antennae tip with the terminal organ (shown by the arrow),  d – terminal organ of the second antenna  On the dorsal side of the pereon T. trilobatus presents numerous micro-scales, which form a continuous layer (Fig. 3 a). Beside scales, numerous uniformly distributed tricorn sensilla are present on the dorsal surface of the animal (Fig. 3 a). The pleon is covered with tricorn sensilla, just as the rest of the dorsal side of the animal. The tip of some pleonal epimers can present relatively large-sized terminal setae (Fig. 3 b). On the anterior part of the thoracic epimers, there are glandular pore fields with a regular disposition present at the edges of the epimers (Fig. 3 c). 
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The glandular pore fields are surrounded by micro-scales and tricorn sensilla. In many cases, the product of the glandular pore fields is also visible. Fields with numerous, supposedly glandular openings are also present on the tergal face of the pleon (Fig. 3 d). Also on the thoracic segments the noduli laterals are present in their posterior and external part. They have the aspect of long, filiform extensions, connected with the deeper layers of the cuticle (Fig. 3 e). The noduli laterals are present on the thoracic segments 2-7 and are oriented in the caudal direction.  

a   b 

c   d 

e 
Figure 3. T. trilobatus a. the surface of the pereonal segments, b. the edge of a pleonal segment with terminal setae, c. glandular field on the pereonal epimers, d. surface with pores on the mediodorsal part of the pleonal segments, e. nodulus lateralis 
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Pereopods. In their turn, the legs are covered with micro-scales. The first legs present numerous spines on their distal segments, but also numerous micro-scales which are very evident and compact (Fig. 5 a). The surface of the legs is covered with tricorn sensilla. Unlike the first leg, the seventh leg pair does not present so many spikes on their distal segments, but the micro-scales are equally numerous (Fig. 5 b). The basis does not present numerous cuticular structures, micro-scales are present on the dorsal part, where they form a continuous layer, partially covering one another, and a few tricorn sensilla and thin setae on the rest of the segment. The ischium presents on its ventral part a field with numerous triangular scales, and four very well-developed setae (Fig. 5 c). On the merus, carpus, and propodus the setae are mostly situated dorsally, while the tricorn sensilla are more evenly distributed (Fig. 5 d, e, f, g). The dactyl has some simple elongated scales on its external part, and a few well-developed setae (Fig. 5 h).  Cuticular structures are also present on the pleopods, mostly on the margin as simple setae, the first endopod has mostly a smooth surface, and the first male exopodite presents some tricorn sensilla (Fig. 6 a, b, c).  On the telson the distribution of tricorn sensilla is similar to the one observed on the dorsal part of the body, uropods end with a filiform structure (Fig. 6 d). 
 

Discussion Differences in the cuticular structures could be explained by the differences in ecology and behavior of different terrestrial isopod species (Schmalfuss, 1978). Thus, description of cuticle structures could help in understanding the ecology of T. trilobatus, an endemic species with a very small distribution range (e.g., Tomescu et al., 2015; Ferenți et al., 2020). The structures present on the surface of the antenna of T. trilobatus are similar to the ones that are present on the antenna of other terrestrial isopod species (e.g., Khisametdinova and Schmalfuss, 2012). This resemblance is even higher in comparison with other species of Trachelipus genus, including the terminal organ at the tip of the second antenna (Schmalfuss and Khisametdinova, 2015). In the case of terrestrial isopods, the second antenna is considered the most important sensory organ (Schmalfuss, 1998), thus it is expectable to have a similar structure within the same genus. Micro-scales are common elements in the cuticle of terrestrial isopods (Holdich and Lincoln, 1974; Schmalfuss, 1978; Price and Holdich, 1980; Wood 
et al., 2017; Štrus et al., 2019), thus their abundance in this species is not surprising. Tricorn sensilla are numerous and uniformly distributed on the dorsal  
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a b 

c d 

e f 

g h 
Figure 5. T. trilobatus a. first pereiopod, b. 7th pereiopod, and its segments:  c. basis, d. ischium, e. merus, f. carpus, g. propodus, h. dactyl 
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side of T. trilobatus. These structures are present in terrestrial isopods (e.g., Holdich and Lincoln, 1974; Price and Holdich, 1980; Hatanaka, 1989; Csonka et 
al., 2018; Štrus et al., 2019; Seidl et al., 2021), but they lack in aquatic isopods (e.g., Schmalfuss, 1978; Powell and Halcrow, 1982). They were assigned the role of hygroreceptors (Price and Holdich, 1980), although there are uncertainties about their exact function (Hatanaka, 1989; Ziegler and Altner, 1995). The high number of these cuticular formations indicated that  
T. trilobatus, at least in one phase during its past, evolved in environments in which the level of humidity changed rapidly.   

a b 

c d 
Figure 6. T. trilobatus a. first male exopod and b. the exopod’s tip,  c. first male endopod, d. telson and uropods  Thus, for the species, it was very important to react quickly to those changes in order to avoid dehydration. It seems that in the case of isopods the water loss occurs passively, and the larger size reduces this loss (Dias et al., 2012), and T. trilobatus is a larger species (Radu, 1985; Tomescu et al., 2015). This fact probably indicates that initially, T. trilobatus was an epigeic animal, because in the case of epigeic terrestrial isopods this type of sensilla are numerous (Holdich and Lincoln, 1974; Price and Holdich, 1980; Csonka et al., 
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2018; Štrus et al., 2019; Seidl et al., 2021). Thus, although T. trilobatus was frequently identified in caves (Tabacaru and Giurginca, 2013; Tomescu et al., 2015), and was even considered by some authors as a troglobitic species (Boitan and Negrea, 2001), it was probably initially epigeic.  Probably even nowadays T. trilobatus moves between the numerous limestone cracks and caves from Herculane Spa and the soil surface, where it can be detected only sometimes and in certain habitat types (Tabacaru and Giurginca, 2013; Tomescu et al., 2015; Pop et al., 2019; Ferenți et al., 2020). It is known that many terrestrial isopod species migrate due to fluctuations in environmental factors (Warburg et al., 1984). Therefore, this species’ annual cycle should be studied in its surface habitats. Also, from the biogeographic point of view, remains to be seen what determined the species to retreat in the limestone areas in which it has contact with the underground environment. Probably in the glacial periods, once the weather cooled, T. trilobatus was “lucky enough” and found the possibility to avoid the effects of climate cooling. Probably, T. trilobatus exits and enters the caves and cracks depending on the surface hydric regime. Thus, in the dry and cold periods, the species descends in caves or cracks because it has numerous tricorn sensilla which detect the decrease of humidity. This assumption is sustained by the complete absence of tricorn sensilla in the case of Mesoniscus graniger (Giurginca et al., 2016), which is a species usually present in caves and rarely endogeic (e.g., Tabacaru and Giurginca, 2013; Giurginca, 2000-2001, 2009; Ferenți and Covaciu-Marcov, 2018; Pop et al., 2021). Thus, in those extremely and constantly humid conditions, it does not need tricorn sensilla (Giurginca et al., 2016). The presence of numerous tricorns in T. trilobatus indicates that this is an epigeic species. The climate conditions had a great impact on the species. This impact was particularized by the peculiarities of the Herculane Spa region, which because of the karst (e.g., Povară and Conovici, 2013; Ponta et al., 2013; Povară et al., 2015) offered access and shelter in caves and cracks to this species. At the same time, it seems that in the case of the genus Trachelipus, there is a high cuticle uniformity, as in the congeneric species T. rathkii, the cuticle morphology is very similar, with numerous micro-scales and tricorn sensilla (Csonka et al., 2018). The uniformity of the cuticle in the case of the genus 
Trachelipus indicates a high morphological conservatism at this level, despite the obvious morphological differences between the two species (Tomescu et al., 2015). At the same time, the two species are present in very different habitats, as T. rathkii is considered a eurytopic species (Tomescu et al., 2015). However, also in this case the humidity is the connecting factor, hence the function of tricorn sensilla as hygroreceptors (Price and Holdich, 1980). Thus, in different environments, with different humidity, the existence of a high number of 
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hygroreceptors is very important, and T. rathkii was identified starting in the vicinity of thermal waters (Ferenți et al., 2013), going in urban areas (e.g., Vilisics and Hornung, 2009; Giurginca et al., 2017) and reaching even to Siberia (Khisametdinova et al., 2016) and Finland (Vilisics and Terhivuo, 2009). Unlike this, T. trilobatus is related to restrictive habitats (Tomescu et al., 2015; Pop et al., 2019; Ferenți et al., 2020) but nevertheless, it has equally numerous tricorn sensilla.  The surface structures and the cuticle formations of terrestrial isopods are considered to have an anti-adhesive function (e.g., Schmalfuss, 1977, 1978; Powell and Halcrow, 1982; Wood et al., 2017). This function is maintained also in the case of a cave species, like Mesoniscus graniger (Giurginca et al., 2016). Probably those structures have the same function also in the case of T. trilobatus, moreover because this species shelters under stones in wet areas, where soil particles could easily adhere to the animals’ surface. The large surface and the wide aspect of this isopod (Radu, 1985; Tomescu et al., 2015) offer a larger contact surface for different soil particles, thus T. trilobatus needs numerous anti-adhesive structures. Noduli laterals, considered sensilla (Schmidt, 2002, 2008) are situated in the lateral edge of the thoracic segments 2-7, and probably had a tactile function. In the case of other species, such sensilla were considered to be gauge sensors (Jans and Ross, 1963; Holdich and Lincoln, 1974). Thus, they can be extremely useful for a species that shelters in limestone cracks, caves, or under stones. At most, the location of this sensilla is curious, as they are situated on the posterior part of the segments, and lack from the first thoracic segment. It seems that T. trilobatus is an exception in its genus, having the noduli laterals situated posterior to the glandular fields, a fact considered related to the life in caves and very wet habitats (Radu and Tomescu, 1970). Probably in that position, they are more useful, and the pressure exercised upon them informs the animal to stop advancing in limestone cracks, if they are too tight. At the same time, in the cephalic region, there are receptors at the level of the terminal organ of the antenna. This is probably an adaptation to a way of life in which the animal shelters in very narrow spaces.  The SEM analysis revealed morphological aspects which now are much clearer than in the previous studies realized with classic light microscopy (Tomescu et al., 2015). It is the case of the genital parts, which now could be observed distinctly, or the case of the appendages, in which the dactylus is extremely similar to the one recently described in another terrestrial isopod species (Vittori, 2021). This highlights the utility of SEM in helping to understand the adaptations and the way of life of T. trilobatus, an endemic species with a very small distribution range (Tomescu et al., 2015; Ferenți et al., 2020). Thus, 
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studies on species from different environments are necessary, and also studies on other endemic species, as most previous studies aimed a common species such as Porcellio scaber (Holdich and Lincoln, 1974; Ziegler and Altner, 1995; Csonka et al., 2018; Vittori, 2021).   
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