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Abstract
This study assessed the diversity, distribution and gastropod-shell utilisation of hermit crabs at the Vador site and GSFC Jetty on the intertidal coast of Sikka, Gujarat, from October 2020 to March 2021. Fortnightly hand collections were undertaken during low tide across sandy and muddy habitats, and specimens were identified to species level. Six species belonging to the family Diogenidae were recorded: four species of Diogenes and two species of Clibanarius. In total, 986 individuals were documented, including 538 from Vador and 448 from GSFC Jetty. Diogenes edwardsii was the most abundant species across the two sites, whereas Clibanarius longitarsus was the least abundant. Hermit crabs occupied shells of 20 gastropod species, with 717 shell-use records. Cerithium scabridum was the most frequently used shell species, followed by Eupica scripta, Cerithidia cingulata, Clypeomorus petrosa, Turbo brunneus and Littorina sp. Monthly Shannon–Wiener diversity values ranged from 1.18 to 1.58 at Vador and from 0.94 to 1.58 at GSFC Jetty. Margalef richness ranged from 0.75 to 1.12 and from 0.56 to 1.14, respectively, while Pielou’s evenness ranged from 0.79 to 0.91 and from 0.79 to 0.87. The findings provide a six-month baseline inventory of hermit crab assemblages and shell utilisation along the sampled Sikka coast. 
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1. Introduction
India is one of the 17 megadiverse countries and includes four of the world's biodiversity hotspots, which encompass some of the richest and most threatened ecoregions. Anomurans form an important link in marine food webs and are prey for economically valuable fish species. The infraorder Anomura comprises approximately 1,500 species in 200 genera, 17 families, and seven superfamilies worldwide. Anomurans remain among the least studied groups of decapod crustaceans in Indian waters. To date, 112 hermit crab species (Paguroidea), representing 26 genera and five families, have been reported from Indian waters, including 13 species from Gujarat (Trivedi & Vachhrajani, 2017). A subsequent national synthesis catalogued 231 anomuran species from Indian waters and emphasised marked regional variation in recorded diversity (Patel et al., 2022).
The infraorder Anomura is among the most morphologically diverse groups of decapod crustaceans. Species classified within the superfamily Paguroidea generally have a membranous or weakly calcified abdomen and therefore require an external protective covering, typically a gastropod shell. Most hermit crab species are marine, although some are terrestrial. Marine hermit crabs occur from shallow coastal waters to the deep sea, whereas terrestrial species are generally associated with tropical regions (Gosavi et al., 2017). Recent intertidal surveys in Lakshadweep recorded eight hermit crab species and showed that abundance and distribution varied with habitat conditions (Naseem et al., 2025).

Hermit crabs are integral components of intertidal faunal communities and play an important role in coastal food webs. They depend on gastropod shells for protection from predators and physical stress, as well as for reproductive success and locomotion. Intertidal habitats are particularly susceptible to changes in temperature and salinity, and hermit crab species differ in their tolerance of these fluctuations (Trivedi & Vachhrajani, 2014). Along the Gujarat coast, shell occupancy and resource partitioning by sympatric Clibanarius species were strongly associated with shell diversity, morphology, and availability (Patel et al., 2023). Mangrove-based decapod surveys have also recorded hermit crabs as recurrent components of coastal assemblages, reinforcing the value of site-specific inventories (Milla et al., 2022). Recent distributional records of marine brachyuran crabs from Indian coastal and estuarine habitats further demonstrate the value of systematic regional surveys for refining knowledge of decapod diversity (Chowdhury & Mitra, 2026).
Despite previous regional records, site-specific information on the species composition, relative abundance, and gastropod-shell use of hermit crabs along the Sikka coast remains limited. A structured inventory of the Vador site and GSFC Jetty is therefore needed to establish baseline information for this intertidal sector.
Objectives:
· To assess hermit crab (anomuran) diversity along the Sikka coast, Gujarat.
· To examine gastropod-shell selection among the recorded species.

2. Materials and Methods
The study was conducted in the intertidal zone of the Sikka coast, situated in the Gulf of Kachchh, Gujarat. Hermit crab specimens were collected by hand-picking during low tide from the Vador site and GSFC Jetty. The study area extends between 22°27'31.0"N and 69°48'17.4"E and 22°28'14.9"N and 69°49'31.9"E. Sampling was conducted fortnightly from October 2020 to March 2021. To assess quantitative abundance, random sampling was undertaken from the high-tide mark to the low-tide mark across all tidal levels. All hermit crab species encountered were collected and identified, and the numbers of individuals were recorded to assess abundance, density, and frequency. Specimens were identified to species level in the laboratory using identification keys. All collected hermit crabs were categorised and counted by species, and the number of individuals in each species was recorded for quantitative assessment of abundance and density.
Key species were selected on the basis of their occurrence in the study area. These organisms were among the most prominent and were present throughout the study period, thereby ensuring an adequate supply of specimens for laboratory examination. Collected animals, together with their shells, were preserved in 70% alcohol and transported to the laboratory. The abdomen of each crab was subsequently removed from its shell by gently twisting the animal against the direction of the shell spiral. A light hammer was used to crack the shell in difficult cases. Specimens were identified using the key provided by Kachhiya et al. (2017).
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          Fig.1. Satellite view of Sikka coast, Gujarat (Source: Google map, accessed, n.d.)
2.1 Biodiversity assessment
The total number of individuals of each species was recorded over six months (October 2020 to March 2021) at the Sikka coast. Monthly species data were used to calculate the following biodiversity indices separately for each sampling site and month.
2.1.1 Species diversity
Hermit crab species diversity was calculated using the Shannon-Wiener diversity index (H′) (Shannon & Weaver, 1949).

where pᵢ = S/N, S is the number of individuals of one species, N is the total number of individuals in the sample, and ln is the natural logarithm.


2.1.2 Species richness
Hermit crab species richness was calculated using the Margalef diversity index (D) (Margalef, 1958).

where S is the number of species, N is the total number of individuals in the sample, and ln is the natural logarithm.
2.1.3 Species evenness 
Hermit crab species evenness was calculated using Pielou's evenness index (J′) (Pielou, 1977).

where H′ is the Shannon-Wiener diversity index, S is the total number of species in the sample, and ln is the natural logarithm.

3. Results and Discussions
3.1 Gastropod shell utilization preferences of Hermit crab
The hermit crabs occupied shells of 20 gastropod species in varying proportions (Table 1), of which six shell species were most commonly used. The shells of Cerithium scabridum, Eupica scripta, Clypeomorus petrosa, Cerithidia cingulata, Littorina sp., and Turbo brunneus were commonly used by all categories, although their percentage utilisation varied considerably.
Cerithium scabridum (11.01%) was the most frequently occupied gastropod shell, followed by Eupica scripta (8.08%), Cerithidia cingulata (8.08%), Clypeomorus petrosa (7.81%), Turbo brunneus (6.13%), and Littorina sp. (5.71%), which were also frequently occupied by the recorded hermit crab species (Fig. 2). In general, the survival of a hermit crab population in a particular area may be limited by shell availability (Kellogg, 1976; Floeter et al., 2000), and hermit crabs follow particular patterns of gastropod-shell selection based on the adequacy and availability of shell resources (Reese, 1962; Conover, 1978).
Shell availability within a habitat is a major factor affecting shell utilisation and the survival of hermit crab populations (Kellogg, 1976; Floeter et al., 2000). In this study, the density of gastropod species commonly used by hermit crabs was recorded to assess the shell resources available in the habitat. The survival of hermit crabs in a particular area and their shell-utilisation patterns depend on factors such as shell architecture, shell density, and interspecific and intraspecific competition among crab species (Reese, 1969).

Table 1. Percentage utilization of gastropod shells by Hermit crabs from Vador site and GSFC Jetty at Sikka coast (whereas N=Total Number of Individuals, %= Relative percentage)
	
No.
	
Gastropod species


	Total

	
	
	N
	%


	1.
	Clypeomorus petrosa
	56
	7.81

	2.
	Turbo brunneus
	44
	6.13

	3.
	Muricopsis bombayanus
	36
	5.02

	4.
	Eupica scripta
	58
	8.08

	5.
	Indptheis lacrea
	22
	3.06

	6.
	Planaxis sulcatus
	19
	2.64

	7.
	Phos textus
	16
	2.23

	8.
	Nassarius nodifer
	22
	3.06

	9.
	Nassarius reeveans
	23
	3.20

	10.
	Cerithidia cingulate
	58
	8.08

	11.
	Engina alveolate
	39
	5.43

	12.
	Pollia undosa
	44
	6.13

	13.
	Pyrene scripta
	28
	3.90

	14.
	Lunella coronate
	22
	3.06

	15.
	Cerithium scabridum
	79
	11.01

	16.
	Nassarius dorsatus
	21
	2.92

	17.
	Mitru guttata
	27
	3.76

	18.
	Littorina sp.
	41
	5.71

	19.
	Trochus radiates
	36
	5.02

	20.
	Cronia contracta
	26
	3.62

	Total
	717




Fig. 2. Percentage utilization of gastropod shells by Hermit Crabs from Vador site and GSFC Jetty at Sikka coast

3.2 Check list of hermit crab
The checklist of hermit crabs was prepared from phylum to species. Six species, belonging to one superfamily, one family, and two genera, were identified from the Vador site and GSFC Jetty on the Sikka coast. The total numbers of individuals recorded at the two sites are presented in Figure 3. All available species were classified as Not Evaluated (NE) according to the International Union for Conservation of Nature criteria (IUCN, 2025). The checklist of hermit crabs from the Vador site and GSFC Jetty is presented in Table 2.
Of the two genera, Diogenes had the greatest representation, with four species, followed by Clibanarius with two species. The six recorded hermit crab species belonged to the family Diogenidae and comprised Clibanarius longitarsus (De Haan, 1849), C. padavensis (De Man, 1888), Diogenes avarus (Heller, 1865), D. klaasi (Rahayu & Forest, 1995), D. mannarensis (Henderson, 1893), and D. edwardsii (De Haan, 1849). These species were observed at the Vador site and GSFC Jetty on the Sikka coast, Gujarat.
Table 2. Checklist of Hermit crabs in Vador site and GSFC Jetty at Sikka coast of Gujarat

	Super family
	Family
	Genus
	Species

	IUCN status

	Paguroidea
	Diogenidae
	Diogenes
	
Diogenes avarus
(Heller, 1865)

	
NE

	
	
	
	
Diogenes klaasi
(Rahayu & Forest, 1995)

	
NE

	
	
	
	
Diogenes mannarensis
(Henderson, 1893)

	
NE

	
	
	
	
Diogenes edwardsii
(De Haan, 1849)

	
NE

	
	
	Clibanarius
	
Clibanarius longitarsus
(De Haan, 1849)
	
NE

	
	
	
	
Clibanarius padavensis
(De Man,1888)

	
NE






Figure 3. Total numbers of individuals recorded from Vador site and GSFC Jetty at Sikka coast during October 2020 to March 2021
Vaghela and Kundu (2012) conducted a similar study in the rocky intertidal area of the Saurashtra coast and reported two hermit crab species. Sardar et al. (2019) recorded only two hermit crab species, Clibanarius padavensis and Clibanarius infraspinatus, from the intertidal zone of the extended mudflats of Bakkhali and Frazerganj in the Indian Sundarbans over a one-year period.

Trivedi and Vachhrajani (2017) listed 112 hermit crab species belonging to 26 genera and five families in Indian waters. The east coast of India, with 81 species, was more diverse than the west coast, with 73 species. The greatest species diversity was recorded from the coastal areas of Tamil Nadu (50 species), whereas the fewest species were reported from Maharashtra (seven species). Nirmal et al. (2017) recorded four hermit crab species from the Maharashtra coast, India. Jhala et al. (2017) conducted a similar study from December 2012 to May 2013 at four sites in the southern Gulf of Kachchh and found that five crab species used shells of 27 gastropod species. In the present study, all available species were classified as Not Evaluated (NE), indicating the need for further studies to assess their conservation status. A total of six species, belonging to one order, one family, and two genera, was identified from the Vador site and GSFC Jetty, whereas Kachhiya et al. (2017) recorded seven Clibanarius species from the intertidal zone of Gujarat on the west coast of India.

The taxonomy, diagnostic characteristics, and distributions of the recorded hermit crabs are presented below.
Order: Decapoda
 Infraorder: Anomura
 Superfamily: Paguroidea 
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 Fig 4. Diogenes avarus (Heller, 1865) 
Description: The carapace is moderately elongated, with finely serrated anterolateral margins. The rostrum is slender and does not reach the tips of the ophthalmic scales. The ophthalmic scales are large, with teeth on the anterolateral margin. The eyestalks are stout, reaching the middle of the last antennal joint and extending beyond the third segment of the antennular peduncle. The antennal flagellum is shorter than the carapace and bears fewer setae. The antennal acicle is straight, bears spines on its inner aspect, and almost reaches the base of the last antennal joint. The chelipeds are unequal, with the left cheliped being much longer and approximately two and a half times the length of the carapace. It is closely granulose, with finer granules on the hand. The carpus is longer than the palm and merus. Teeth are present on the inner margins of the merus, carpus, and dactylus. The dactylus is less than half the length of the palm.
Colour: The general body colour is grey or pale yellow, with orange or yellow spots scattered over the legs and carapace.
Habitat: Sandy shores; the species usually occupies small gastropod shells.
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Fig 5. Clibanarius padavensis (De Man, 1888)

Description: The carapace is longer than broad. The rostrum is well formed, reaches the base of the ophthalmic scales, and extends beyond the level of the antennal angles of the carapace. The eyestalks extend beyond the anterior border of the carapace and are almost as long as the antennular peduncle. The cornea is approximately one-eighth the length of the eyestalk. The ophthalmic scales are situated close to one another and have a spinose outer margin. The antennal acicle has serrated margins and almost reaches the base of the terminal joint of the antennal peduncle. The flagellum is twice as long as the carapace. The chelipeds are equal in size and approximately one-third the length of the carapace. Two spinules occur on the distal and lower aspects of the merus, and the lower inner margin is serrulate. The carpus bears a strong spine distally on the dorsal inner aspect. The fingers bear rows of dorsal spines. The setae are long and sparsely distributed.
Colour: Live specimens are yellowish, with straight red longitudinal lines arranged in two or three rows on the second to fifth legs. The eyestalk bears one dorsal red band and another on its inner aspect. The chelipeds have less distinct and interrupted bands of the same colour. The carapace is yellow. The antennular and antennal peduncles have red bands, and the flagella are yellow.
Habitat: Muddy shores; the species usually occupies large gastropod shells.

3. Clibanarius longitarsus (De Haan, 1849)
[image: ]
Fig 6. Clibanarius longitarsus (De Haan, 1849) 

Description: The carapace is well developed and reaches the level of the base of the ophthalmic scale. The eyestalks lack colour bands, are as long as the antennular peduncle, and equal the anterior breadth of the carapace. The ophthalmic scales are small, with pointed tips. The antennal acicles extend slightly short of the last segment of the antennal peduncle and have serrated inner margins. The chelipeds are equal, with spoon-shaped fingers ending in dark corneous tips, and are uniformly provided with long setae. The palm and wrist bear dark-tipped spines in one or two rows on the fingers and irregularly arranged spines on the palm. The merus bears a spinule on its outer distal aspect, and the carpus has a well-developed spine dorsally towards the distal inner end. The dactylus of the third leg is longer than the propodus. The ambulatory legs have a blue band bordered with red.
Colour: The body is bluish green, with characteristic blue and red bands on the ambulatory legs.
Habitat: Muddy shores; the species usually occupies large gastropod shells.
4. Diogenes edwardsii (De Haan, 1849)
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Fig 7. Diogenes edwardsii (De Haan, 1849)
Description: The shield is slightly broader than long. The anterior margin between the rostrum and the anterior part of the branchiostegite bears a row of approximately 10 small dorsal spines and is rounded. The ocular peduncles are equal in length. The antennular peduncle extends beyond the distal corneal margin by 0.4-0.5 times the length of the ultimate segment. The antennal flagellum is more than twice the length of the shield, and each article bears paired long setae on the ventral margin. The third maxillipeds are moderately slender. The merus bears a small spine at the dorsolateral distal angle. The left cheliped is much larger than the right. The chela has a narrow hiatus between the dactylus and fixed finger. The right cheliped is moderately stout and bears numerous tufts of long setae. The ambulatory legs are subequal in length.
Colour: The shield and the ocular, antennular, and antennal peduncles are cream. The left cheliped, carpus, and merus are also cream.
Habitat: Sandy or muddy shores; the species usually occupies small gastropod shells.
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Fig 8. Diogenes mannarensis (Henderson, 1893) 

Description: The carapace, chelipeds, and ambulatory legs are covered with grey, muddy setae. The shield is longer than broad and has a rugose outer surface. The ocular peduncles are long and slender but do not extend beyond the antennal and antennular peduncles. The ocular acicles bear 6-9 spines on their distal outer margins, with a large apical spine. The chelipeds are unequal, with the left larger than the right; the carpus, palm, and fingers are spinose. The inner margins of the palm and dactylus bear spines, whereas much smaller spines occur on the upper surface and outer margin of the fixed finger. The right cheliped is strongly pubescent but bears fewer spines than the left. The carpus of the second pereopod bears a dorsodistal spine, and the meri have a row of small spines on the ventral margin. The segments are moderately pubescent. The telson is weakly asymmetrical, with a very small median cleft, and each terminal margin bears a row of spines extending onto the lateral margin.
Colour: The shield, carapace, and dorsal side of the abdomen are brick red with a slight bluish tinge and scattered pale and dark spots. The antennal, antennular, and ocular peduncles are light orange; the antennular flagella are white or cream, and the antennal flagella are
bluish.
Habitat: Sandy shores; the species usually occupies small gastropod shells.
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  Fig 9.  Diogenes klaasi (Rahayu and Forest, 1995)
        
Description: The shield is longer than broad, and the rostrum is bluntly triangular and does not reach the ocular acicle projections. The chelipeds are unequal, with the left larger than the right. The upper and lower margins of the left cheliped bear irregular rows of spines. The palm is convex, and its outer surface bears small spines or tubercles and a median longitudinal row of spines. The carpus is also spinulose on the outer surface. The dactylus of the right chela is slender, and the carpus bears a dorsodistal spine. The ambulatory legs are thin and slender, with dactyli longer than the propodi. The carpi of the second and third pereopods bear a dorsodistal spine, with an additional spine at the proximal end of the carpus of the second pereopod. The chelipeds and ambulatory legs are covered with long setae. The telson is broad and asymmetrical, with a small median cleft. The left lobe is larger than the right, with an oblique terminal margin, approximately 25 large lateral spines, and a few spinules. The right lobe is smaller and bears 13 large lateral spines and a few smaller spinules on the terminal margin.
Colour: The shield is reddish orange. The ocular peduncles are light greenish orange, and the antennules and antennae are pale yellow. The chelipeds are dark brownish green. The ambulatory legs are pale yellow, with irregular dark green spots on different segments.
Habitat: Sandy shores; the species usually occupies gastropod shells.

3.3 Biodiversity assessments
The Shannon-Wiener diversity index (H′), Margalef diversity index (D), and Pielou's evenness index (J′) were calculated for the Vador site and GSFC Jetty on the Sikka coast from October 2020 to March 2021. The spatial and monthly variations in these indices are presented below.
3.3.1. Species diversity
The monthly Shannon-Wiener diversity index (H′) values for hermit crabs at the Vador site and GSFC Jetty are presented in Table 3 and Figure 10. Values ranged from 1.18 to 1.58 at Vador and from 0.94 to 1.58 at GSFC Jetty. At Vador, the highest H′ value was recorded in December, followed by February, whereas the lowest was recorded in November. At GSFC Jetty, the highest and lowest H′ values were recorded in February and November, respectively.
Table 3. Spatio-temporal variation in diversity (Shannon Wiener diversity index) of Hermit Crab species along Vador site and GSFC jetty at Sikka coast of Gujarat during October 2020 to March 2021
	
Locations
	
Months

	
	
Oct.
	
Nov.
	
Dec.
	
Jan.
	
Feb.
	
Mar.

	Vador
	1.51
	1.18
	1.58
	1.56
	1.57
	1.39

	GSFC Jetty
	1.47
	0.94
	1.47
	1.56
	1.58
	1.44




Figure 10. Spatio-temporal variation in diversity (Shannon Wiener diversity index) of Hermit Crab species along Vador site and GSFC jetty at Sikka coast of Gujarat during October 2020 to March 2021
3.3.2 Species richness
The Margalef diversity index (D) ranged from 0.75 to 1.12 at the Vador site and from 0.56 to 1.14 at GSFC Jetty (Table 4 and Figure 11). The maximum value was slightly higher at GSFC Jetty than at Vador. The highest values were recorded in December at Vador and in January at GSFC Jetty, whereas the lowest values at both sites were recorded in November.
Table 4. Spatio-temporal variation in richness (Margalef diversity index) of Hermit Crab species along Vador site and GSFC jetty at Sikka coast of Gujarat during October 2020 to March 2021
	
Locations
	
Months

	
	
Oct.
	
Nov.
	
Dec.
	
Jan.
	
Feb.
	
Mar.

	Vador
	0.99
	0.75
	1.12
	1.09
	1.02
	0.84

	GSFC Jetty
	0.99
	0.56
	0.95
	1.14
	1.04
	0.88




Figure 11. Spatio-temporal variation in richness (Margalef diversity index) of Hermit Crab species along Vador site and GSFC Jetty at Sikka coast of Gujarat during October 2020 to March 2021
3.3.3 Species evenness
Pielou's evenness index (J′) values for hermit crabs at the Vador site and GSFC Jetty are presented in Table 5 and Figure 12. Values ranged from 0.79 to 0.91 at Vador and from 0.79 to 0.87 at GSFC Jetty. The highest values were recorded in October at both sites, whereas the lowest values were recorded in January at both sites.
Table 5. Spatio-temporal variation in evenness (Pielou’s evenness index) of Hermit Crab species along Vador site and GSFC jetty at Sikka coast of Gujarat during October 2020 to March 2021
	
Locations
	
Months

	
	
Oct.
	
Nov.
	
Dec.
	
Jan.
	
Feb.
	
Mar.

	Vador
	0.91
	0.81
	0.80
	0.79
	0.80
	0.81

	GSFC Jetty
	0.87
	0.85
	0.87
	0.79
	0.81
	0.84









Figure 12. Spatio-temporal variation in evenness (Pielou’s evenness index) of Hermit Crab species along Vador site and GSFC Jetty at Sikka coast of Gujarat during October 2020 to March 2021
Monthly variation in the biodiversity indices at the Vador site and GSFC Jetty is shown in Figures 13 and 14, respectively.

Figure 13. Spatio-temporal variation in diversity, evenness and richness of Hermit Crabs species along Vador site at Sikka coast of Gujarat during October 2020 to March 2021

Figure 14. Spatio-temporal variation in diversity, evenness and richness of Hermit Crabs species along GSFC Jetty at Sikka coast of Gujarat during October 2020 to March 2021
4. Conclusion

The six-month survey documented six hermit crab species of the family Diogenidae at the Vador site and GSFC Jetty along the Sikka coast. Four species belonged to Diogenes and two to Clibanarius. A total of 986 individuals were recorded, with 538 at Vador and 448 at GSFC Jetty. Diogenes edwardsii showed the highest combined abundance, whereas Clibanarius longitarsus showed the lowest. The recorded species occupied sandy and muddy intertidal habitats and used shells of 20 gastropod species. Cerithium scabridum was the most frequently occupied shell, while five other shell species also contributed substantially to overall utilisation. Diversity, richness and evenness varied among months and between the two sampling locations, although values generally indicated the presence of a moderately even assemblage during the study period. The morphological accounts and photographs provide supporting taxonomic documentation for the species recorded. These results should be considered a baseline for the sampled sites and period. Broader seasonal coverage, standardised sampling effort and measurement of habitat and environmental variables are needed to clarify longer-term patterns of hermit crab distribution, abundance and shell use along the Sikka coast.

FUTURE PROSPECTS AND RECOMMENDATIONS
· The present findings may provide a baseline database for further studies along the Sikka coast of Gujarat.
· Because gastropods are important resources for food, medicine, and ornamental use, their populations should be conserved along the Saurashtra coast, which is currently subject to substantial anthropogenic pressure.
· The discharge of industrial chemicals into coastal habitats should be strictly controlled.
· Microplastics may disrupt the ability of hermit crabs to select suitable shells (Crump et al., 2020).
· The conservation status of most hermit crab taxa has not been evaluated under IUCN criteria; therefore, further studies are required to support appropriate conservation strategies.

Limitations
The study covered two intertidal locations over six months and may not represent year-round or coast-wide hermit crab diversity. Sampling effort, sampled area, number of collectors, tidal timing and habitat-specific effort were not quantified, limiting direct comparisons between sites. Although diversity indices were calculated, detection probability and inferential statistical comparisons were not assessed. These constraints limit broader ecological interpretation and generalisation of the recorded assemblage. 
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