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Morphometric and Morphological Characterisation of the Freshwater Planarian Dugesia punensis from the Pune Region, India


ABSTRACT:
Freshwater planarians are bilaterally symmetrical, acoelomate, non-parasitic and triploblastic organisms. In biomedical research, pharmaceutical studies, regenerative medicine, toxicology, and drug testing, they serve as an excellent model system due to their remarkable regenerative capacity. Planarians are free-living flatworms from the class Turbellaria, Order Tricladida (gut with three branches), including 100 species globally found in terrestrial, freshwater and marine habitats. The present study aims to observe Dugesia sp. for morphological and morphometric analysis. Cultured planarians were used for morphological and morphometric analysis. Morphometric analysis was performed on 100 animals using the methods described by E. Mateos et al. (2009). Morphometric characters studies included length from the anterior end to the posterior end, width, interorbital space, optic diameter, length of the fully extended pharynx during feeding and length from the anterior end to the interorbital space. Morphological character studies included Body length, body shape, pigmentation, eye shape, dorso-lateral position of the eyes, and antero-posterior position of the eyes. Average Length from Anterior end to Posterior end in (mm) found in between 7.99 ± 2.479 mm. Average Width in (mm) found between 2.03 ± 0.427 mm. The Average Length of the fully Extended Pharynx During Feeding in (mm) was found to be between 3.70 ± 1.579 mm. Inter Orbital Space (i.e. Optic Distance) found 0.66 ± 1.246 mm. Optic Diameter found 0.37 ± 0.326 mm. Length from Anterior end to Interorbital Space found 1.08 ± 0.357 mm. The planarian's body is flattened. The anterior end is blunt. The Shape of the eyes is dense, aureolated. Strong positive correlations (> 0.90) exist between Width and pharynx length, showing 0.98, Length and pharynx length is 0.92, Width and length to inter orbital space is 0.96. 
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1. INTRODUCTION:
Freshwater invertebrates are especially important because they respond quickly to environmental changes, making them useful indicators of ecosystem condition. Among them, freshwater planarians, small, free-living organisms, constitute a significant yet often overlooked component of aquatic biodiversity (Rosenberg & Resh, 1993; Sluys, 1999). Planarians are soft-bodied flatworms that belong to the phylum platyhelminthes, grouped under the class turbellaria and the order Tricladida. They are found in many parts of the world, and scientists continue to discover and describe new species, underscoring the group's diversity (APG Araujo et al., 2020; L Hellmann et al., 2020; E Mateos et al., 2020). Freshwater planarians are easy to maintain under laboratory conditions, and their exceptional developmental plasticity, along with their regenerative ability, has made them highly valuable in scientific research. Owing to these features, planarians have become widely recognised and frequently used model organisms within the research community (Reddien & Sanchez Alvarado, 2004; Elliot& Sanchez Alvarado, 2013). 
Recent research has advanced our understanding of planarian regeneration by elucidating key signalling pathways involved in axis formation and tissue polarity as well as the regulatory role of pluripotent stem cells in patterning and structural restoration (Lobo & Levin, 2022; Srivastava & Reddien, 2023). The regulation and differentiation of neoblast stem cells remain central to understanding regenerative competence in freshwater planarians (Zhu & Pearson, 2021).
Planarians have been kept in controlled laboratory settings for more than a century (Morgan, 1898; Randolph, 1897), but only recently has there been a concerted effort to standardise and improve these conditions. Until the late 20th century, investigators routinely maintained different planarian species in lightly filtered tap water supplemented with low concentrations of salts and a buffer (Newmark & Sanchez Alvarado, 2000). Traditional methods for maintaining planarian laboratory cultures pose challenges due to their sensitivity to environmental factors and the need for a large supply of healthy organisms. In the past, scientists have used a range of food sources, such as cow/beef liver, egg yolk, and earthworm segments (Bahrs et al., 1936; Greenberg et al., 195; Pickvance, 1971; Wulzen & Bahrs, 1928). There are different methods of morphometry and morphology. In that regard, microscopic methods are more reliable than Vernier Callipers. Morphology is a fundamental branch of biological science concerned with the form and structural organisation of organisms. It primarily examines observable external characteristics such as size, shape, colouration, patterning, and structural configuration. These morphological attributes are essential in taxonomy, systematics, comparative biology, and evolutionary research, as they provide critical insights into species identification, phylogenetic relationships, and adaptive responses to environmental conditions (Mayr, 1969).
Morphological parameters such as the dorso-lateral and antero-posterior positions of the eyes provide important diagnostic characters in freshwater planarians. In addition, proportional measurements of anatomical regions serve as quantitative tools for detecting variation associated with species differentiation, environmental stress and habitat conditions (Rohlf & Marcus, 1993). Advances in geometric and statistical morphometrics have further enhanced the accuracy of shape quantification in evolutionary and developmental studies (Klingberg, 2022). Furthermore, molecular phylogenetic analyses have improved the resolution of species boundaries within genus Dugesia supporting integrative and multidisciplinary classification approaches (Lazaro et al., 2022).
Variations in body shape and overall size can indicate developmental flexibility, patterns of regeneration, and organismal responses to environmental stress, making morphometric analysis an important tool in ecological and toxicological research (Wu J P et al., 2018). Environmental stressors such as pollutants and temperature variation have been shown to influence morphometric stability and developmental plasticity in freshwater planarians (Plusquin et al., 2021).
A morphometric study provides the size, position, and shape of a particular organ. Morphometry is important in freshwater planarians, playing a crucial role in assessing toxicity, identifying species, and fundamental biological studies such as homeostasis and regeneration (Werner et al., 2014). Contemporary studies have reinforced the value of freshwater planarians as alternative invertebrate models for toxicological screening and environmental risk evaluation (Hagstrom et al., 2022). In Freshwater planarians, morphometric assessment is widely used for species identification, evaluation of regeneration, toxicological assessment, and studies of developmental plasticity. Because planarians possess a soft and highly contractile body, careful handling and standardised measurement conditions are essential for reliable data collection (Reynoldson, 1978; Oviedo et al., 2008).
2. MATERIALS AND METHODS:
2.1 Collection of the freshwater planarians:
2.1.1 Collection Site: Freshwater planarians were collected from the Pashan Lake, Pune.
2.1.2 Collection Techniques: The specimens were carefully collected using sterile plastic transfer pipettes and transferred into temporary holding containers filled with habitat water (Reynoldson & Young, 1966; Ball & Reynoldson, 1981). Aquatic plants (Eichhornia crassipes and Pistia) were carefully removed, along with the surrounding water, and placed into a wide-mouthed container. The container was left undisturbed for approximately 30 minutes to allow suspended particles to settle and to enable planarians to detach naturally from plant surfaces.
2.1.3 Transportation and Handling:
Collected specimens were transported to the laboratory in covered containers containing source water to maintain environmental stability. Direct exposure to sunlight and sudden temperature fluctuations were avoided to minimise physiological stress during transport.
2.1.4 Acclimatisation: Upon arrival at the laboratory, the planarians were transferred into prepared culture vessels containing standardised freshwater medium (Montjuic Water). Planarian culture media is Montjuic Water (J Rink, 2018).
2.2 Morphometry of the specimens:
2.2.1 Specimen preparation:
A total of 100 specimens were analysed morphometrically. Measurements were recorded in millimetres and repeated three times per specimen to ensure precision. Morphometric traits are considered important diagnostic features in freshwater triclad taxonomy (Reynoldson, 1978). Healthy and active planarians were selected for morphometric analysis. Specimens were starved for 3-5 days prior to measurement to minimise variation due to gut content and body dimension, as feeding status significantly influences body dimensions (Oviedo et al., 2008).
2.2.2 Relaxation and Positioning:
To obtain consistent measurements, specimens were allowed to glide freely until they assumed an elongated, relaxed posture. Measurements were taken only when the body appeared fully extended and symmetrical. This approach reduces error caused by temporary muscular contraction (Ball & Reynoldson, 1981).
2.2.3 Image Capture:
Specimens were observed under a stereomicroscope (Nikon SMZ1270), and high-resolution images were captured using a mounted digital camera (Nikon). A stage micrometre scale was included in the field of view for calibration purposes.
Documentation:
Photographs were taken using a stereomicroscope-mounted camera for documentation. Measurements of key features such as width and eye distance were recorded using an ocular micrometre. Observations were documented systematically in a record book.
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        Figure 1 morphometric and morphological parameters under a stereomicroscope.
2.3 Morphology of the specimens:
Specimens:
Active, healthy specimens were selected for morphological observation. Planarians were starved for 3-5 days prior to analysis to reduce body distension caused by gut contents, ensuring clearer visualisation of external features (Oviedo et al., 2008).
Preparation for observation:
Individual specimens were gently transferred into a clean petri dish containing a thin layer of montjuic water. Care was taken to avoid mechanical stress, as planarians contract rapidly when disturbed. Observations were made when specimens were fully extended and gliding naturally.
3. RESULTS & DISCUSSION:

MORPHOMETRIC PARAMETERS:
Quantitative morphometric analysis of freshwater planarians revealed distinct patterns of body size and proportional growth (Table 1).
Table 1: Morphometric characters of freshwater planarians.
	Sr. No.
	Morphometric Characters
	Mean ± SD

	1
	Length from anterior end to posterior end in (mm)
	7.99± 2.479 mm

	2
	Width in (mm)
	2.03 ± 0.427 mm

	3
	Inter-orbital space (i.e. optic distance) in (mm)
	0.92 ± 1.437 mm

	4
	Optic Diameter in (mm)
	0.24± 0.249 mm

	5
	Length of the fully extended pharynx during feeding in (mm)
	3.70 ± 1.579 mm

	6
	Length from the anterior end to the interorbital space in (mm)
	1.08 ± 0.357 mm



The average total body length, measured from the anterior to posterior end, was 7.99 ± 2.48 mm. It indicates moderate variation among individuals. Such variability is typical of natural planarian populations and may reflect differences in age, nutritional condition, and microhabitat quality (Reynoldson, 1978).
The average body width was 2.03 ± 0.43 mm, showing comparatively lower variability than total length. This suggests that body width increases proportionally with length, maintaining a stable body form during growth. Proportional scaling of width with length has been reported as a characteristic growth pattern in freshwater triclads (Ball & Reynoldson, 1981).
The inter-orbital distance (Optic Distance) had an average value of 0.92 ± 1.44 mm, showing relatively high variation. Eye spacing varies with body size, developmental stage, and regeneration status, making this parameter informative but inherently variable (Sluys, 1999). 
The optic diameter was recorded as 0.24 ± 0.25 mm, indicating minimal absolute size and limited variability. This shows that eye size remains relatively conserved across body sizes. Similar observations have been reported in previous morphological studies of planarians, where ocular dimensions showed weak scaling with growth (Reynoldson, 1978).
The length of the fully extended pharynx during feeding averaged 3.70 ± 1.58 mm, reflecting substantial variability. The pharynx is a highly flexible and functional organ, and its length is influenced by feeding behaviour and physiological condition. Larger individuals generally exhibited longer pharynges, suggesting enhanced feeding capacity (Oviedo et al., 2008).
The distance from the anterior end to the inter-orbital region was 1.08 ± 0.36 mm, indicating relatively consistent anterior body organisation across specimens. This parameter is considered taxonomically informative and reflects stability in head structure among freshwater planarians (Ball & Reynoldson, 1981).
Morphometric Correlation Analysis:
Table 2: Pearson's Correlation analysis of morphometric characters.
	Feature 1
	Feature 2
	Pearson's Correlation Coefficient (r)

	Length (Anterior to Posterior)
	Width
	0.91

	Length (Anterior to posterior)
	Pharynx Length during feeding
	0.92

	Length (Anterior to Posterior)
	Length to interorbital space
	0.90

	Width
	Pharynx length during feeding
	0.98

	Width
	Length to interorbital space
	0.96

	Length to interorbitalspace
	Optic diameter
	0.76

	Inter orbital space (Optic Distance)
	Most other variables
	Very low (⁓0.13 to 0.30)

	Inter-orbital Space
	Optic diameter
	0.04 (negligible)



Pearson’s Correlation analysis revealed the strong positive relationships among several morphometric parameters. Total body length showed a strong correlation with body width (r = 0.91), pharynx length during feeding (r = 0.92), and distance from the anterior end to the inter-orbital space (r = 0.90). These results indicate coordinated and proportional growth of major body structures.
Body width also exhibited very strong correlations with pharynx length (r = 0.98) and anteriorinterorbital distance (r = 0.96), further supporting proportional somatic growth. In contrast, interorbital distance showed weak or negligible correlations with most other parameters, including optic diameter (r = 0.04), suggesting that eye spacing is relatively independent of general body growth. Feeding related morphometric variation has been linked to behavioural plasticity and metabolic demand in controlled laboratory conditions (Arnold et al., 2023).
The strong positive correlations observed in this study align with known allometric growth patterns reported in soft bodied invertebrates (Pelabon et al., 2021). Such correlation patterns demonstrate that overall body size governs most morphometric traits, whereas ocular dimensions remain comparatively stable. The increasing recognition of planarians as bioindicator species further highlights the ecological significance of detailed morphometric datasets in freshwater monitoring programs (Knakievicz & Ferreira, 2021).
MORPHOLOGICAL PARAMETERS:
Table 3: Morphological characters of freshwater planarians.
	Sr. No.
	Morphological Characters
	Mean ± SD

	1
	Body Length
	7.99 ± 2.479 mm

	2
	Body Shape
	Flattened

	3
	Anterior end
	Blunt

	4
	Pigmentation (%)
	44 % High, 30 % Medium, 26 % Low

	5
	Shape of Eyes
	Aureolated

	6
	Dorsolateral position of the eyes
	Dorsal

	7
	Anteroposterior position of the eyes
	Anterior Position



Qualitative morphological examination revealed consistent external features among the studied specimens (Table 3). The planarians exhibited a dorsoventrally flattened body, a blunt anterior end, and aureolated eyes, showing a central dark pigment surrounded by a transparent ring. The eyes were positioned dorsally and located anteriorly on the body.
Pigmentation analysis indicated variation among individuals: 44% exhibited high pigmentation, 30% medium, and 26% low. Variation in pigmentation is commonly associated with environmental conditions, light exposure, and genetic variability in freshwater planarians (Reynoldson, 1978).
The consistent eye shape and position observed in the present study are considered important diagnostic characters for freshwater triclad identification (Ball & Reynoldson, 1981).
The combined morphological and morphometric findings provide a comprehensive understanding of freshwater planarian structure and growth dynamics. Morphological features such as a flattened body form, a blunt anterior end, and aureolated eyes confirm typical triclad characteristics, supporting a preliminary taxonomic identification.
Morphometric data further demonstrate that planarian growth is highly coordinated, with total body length acting as a central scaling parameter. Strong correlations between length, width, pharynx length, and anterior body proportions indicate proportional growth of major functional structures. Such coordinated growth has been reported as a hallmark of planarian development and regeneration (Sluys, 1999). Recent integrative taxonomic frameworks combining morphological and molecular approaches have significantly refined the classification of freshwater triclads (Sluys & Riutort, 2021). 
The relative stability of optic diameter and weak correlations involving eye-related parameters suggest developmental conservation of sensory structures, even as body size varies. This stability may be crucial for maintaining visual function during growth and regeneration.
Overall, integrating qualitative morphology with quantitative morphometry enhances the reliability of species characterisation and provides valuable insights into functional adaptation, ecological responses, and growth regulation in freshwater planarians. Their sensitivity to habitat disturbance has positioned freshwater planarians as promising sentinel organisms in biomonitoring frameworks (Martins et al., 2022). Climate driven alterations in freshwater ecosystems further emphasise the importance of establishing regional morphometric baselines for sensitive invertebrate taxa (Woodward et al., 2023).
4. CONCLUSION:
This study highlights the importance of combining morphological observations with morphometric measurements to gain a clearer and more reliable understanding of freshwater biology. The external features observed in the specimens are consistent with typical triclad characteristics, supporting their taxonomic position. The morphometric results indicate that planarian growth is well coordinated, with overall body length serving as a key reference for the proportional development of major body structures. In contrast, the relative stability of eye-related features suggests that sensory organs remain conserved even as the body increases in size, which may be essential for maintaining normal function during growth and regeneration. Together, these findings demonstrate that an integrated approach strengthens species characterisation and provides meaningful insights into growth patterns, functional organisation, and ecological adaptations in freshwater planarians.
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