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Molecular Verification of the Exotic Armoured Catfish Pterygoplichthys pardalis Using COI Barcoding Approach

Abstract: Pterygoplichthys pardalis is an exotic armoured catfish native to South America and widely introduced into freshwater ecosystems through the ornamental fish trade. Due to morphological similarities among species of the genus Pterygoplichthys, accurate identification using conventional taxonomy alone becomes difficult. The present study aimed to confirm the identity of P. pardalis inhabiting the Ujani reservoir, Maharashtra, India, using morphological characters and mitochondrial Cytochrome c oxidase subunit I (COI) barcoding. A total of 336 specimens were collected and examined for morphometric and meristic characters, while one representative specimen was selected for molecular analysis. Genomic DNA was isolated from muscle tissue and the COI gene was amplified using Folmer’s universal primers. Sequence alignment and phylogenetic analysis were performed using MEGA 11 by the Neighbor-Joining method with bootstrap support. The generated sequence showed close clustering with reference sequences of P. pardalis, confirming species identity. The study demonstrates the usefulness of DNA barcoding for accurate identification and monitoring of invasive fish species in freshwater ecosystems and provides the first molecular record of P. pardalis from the Ujani reservoir region of Maharashtra.
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INTRODUCTION
The Bhima River originates in the Bhimashankar Hills near Karjat, situated on the western flank of the Western Ghats, also referred to as the Sahyadri mountain range. The river was impounded at Ujani village, located approximately 280 km south of Mumbai and 140 km from Pune. The construction of the dam has facilitated multiple benefits, including irrigation, hydroelectric power generation, domestic and industrial water supply, and fisheries development. The ichthyofaunal diversity of the Ujani Reservoir is considerable, comprising approximately 60 fish species distributed across 36 genera, 15 families, and 6 orders (Sarwade and Khillare, 2010). The expansion of aquaculture and the aquarium trade has significantly contributed to the introduction of ornamental and commercially valuable fish species into novel aquatic environments (Chavez et al., 2006). In India, 31 aquaculture species and nearly 600 ornamental fish species have been identified as exotic taxa (Singh and Lakra, 2011).
The American armored sucker-mouth catfish Pterygoplichthys pardalis (Family: Loricariidae) is widely popular as an aquarium pet. Due to attractive appearance it is used in aquarium as a cleaner to remove algae. P. pardalis has been successfully invaded inland water bodies of various countries across the world, including Japan (Nakabo 2002), USA (Nico & Martin 2001), Taiwan (Wu et al., 2011),Philippines (Joshi 2006; Hubillaet al., 2007),Sri Lanka (Sumanasinghe& Amarasinghe 2013), Vietnam (Zworykin and Budaev 2013), Israel (Golani &Snovsky 2013),Mexico (Armando et al., 2007), Indonesia, Singapore and Malaysia(Page & Robins 2006), Turkey (Ozdilek 2007) and Bangladesh (Hossain et al., 2008). The suckermouth armoured catfishes reported from India include Pterygoplichthys anisitsi from Bihar (Sinha et al., 2010), Pterygooplichthys multiradiatus in Kerala and Tamil Nadu (Ajithkumar et al., 1998; Daniels 2006; Krishnakumar et al., 2009). Pterygoplichthys disjunctivus and Pterygoplichthys pardalis in Andhra Pradesh, West Bengal, Bihar and Uttar Pradesh (Singh, 2014). In Maharashtra, the first record of Pterygoplichthys pardalis was found in the Bhima River basin in 2018 (Kumbhar et al., 2018).
Pterygoplichthys pardalis has an invasive nature and may become a predator or competitor for native fishes (Hill and Lodge, 1999). It ultimately leads to a decline in local biodiversity by eliminating local or native fish (Chapin et al., 2000). It directly consumes bottom hatched eggs of other fishes, causing eradication of fish species (Chaichana and Jongphadungkiet, 2012). It’s burrowing habit for egg laying causes bank erosion and it may increase water turbidity (Gibbs et al., 2010). It has a spiny, hard exoskeleton which causes tearing of nets, ultimately leading to economic loss of fishermen community (Chavez et al., 2006; Nico, 2010).
Because of high similarities among the species of the genus Pterygoplichthys, their accurate identification becomes difficult. Hybridization and interbreed have also been reported among them (Joycelyn et al., 2011; Guimaraes et al., 2023). Recent mtDNA (Cytochrome b) investigation of Pterygoplichthys in Taiwan (Wu et al., 2011) revealed similarities of P. Disjunctivus with P. pardalis and suggested a hybrid origin for the introduced Pterygoplichthys, which might have provided hybrid superiority and enhanced their fitness during invasions in Taiwanese waters. In order to monitor, control and better understand exotic invasion methods in a novel ecosystem, comprehensive species identification is essential (Armstrong and Ball, 2005). For such reasons, the standard DNA barcode approach needs to be used in order to make accurate species identification.
DNA barcoding has been proven to be an effective tool for the quick and precise identification of species, which might be modified worldwide for biosecurity (Armstrong and Ball, 2005). It also helps taxonomy in the identification of cryptic species. A 650 bp section of mitochondrial DNA at the 5 end of cytochrome c oxidase I (COI) is the commonly used barcode area. Like other vertebrate mitochondrial DNA, COI in fish lacks introns and is less capable of recombination. It provides deeper phylogenetic understanding (Ward et al., 2009).  
In this study, we used standard DNA barcode methodology to accuratelyidentify Pterygoplichthys pardalis in Ujani reservoir. This study provides reliable species level identification with morphological features. 
MATERIAL AND METHODS
Ujani Dam (Yashwant Sagar) is one of the major irrigation projects in Maharashtra. It is situated on the Bhima River near Bhimanagar, Solapur district, Maharashtra at 18.1364o N and 75.0962o E. Four sampling sites were selected on the Ujani reservoir backwater, namely, (1) Bhigwan, (2) Kettur, (3) Ajoti and (4) Bhimanagar (Figure 1).
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Figure 1: Showing Study sites of Ujani reservoir, Maharashtra.

Sample collection: A total of 336 specimens were collected during the study and examined for morphometric and meristic characters, whereas one representative specimen was selected for molecular identification. All morphometric measurements were taken with digital calliper with nearest 0.1mm and weight to the nearest milligram (mg) using a digital balance and photographed. 11 meristic and 29 morphometric characters of the specimens were examined, following the methods suggested by Armbruster (2003), Ambruster & Page (1996). The fish was dissected and muscle samples were collected in molecular grade alcohol for molecular analysis.
DNA isolation: Genomic DNA isolation was performed by using muscle tissue of fish. For the isolation of DNA DNeasy blood and tissue kit of Qiagen was used and extraction was done as per manufacturers instructions. The extracted DNA was eluted in 10mM Tris- Cl in 100 L volume and its purity was estimated using nanodrop instrument. 
PCR amplification: PCR amplification was performed in a 25 L reaction mixture containing 10- 100ng DNA using Takara PCR master mix. Amplification was carried out using Folmer’s universal mitochondrial COI primers. The PCR thermal cycle profile for amplification performed was one cycle of 95o C for 1 min done for denaturation, 55-60o C for 30 seconds for annealing. Followed by elongation at 72o C for 30 seconds and final extension at 72o C for 3 min.   
Qualitative analysis and sequencing: The PCR products of the COI primerregion were analysed on a 1.5% agarose gel using a 1% Tris-Borate- EDTA buffer. The products were subsequently purified with the commercially available QIAGEN QIAquick PCR purification kit and sequence using BigDye terminator cycle sequencing ready reaction kit on an applied biosystem ABI3500 DNA sequences.  
RESULT AND DISCUSSION 
Morphological Identification: The body exhibits radiating light lines on the head with leopard-like patches across the body. Trangular sucker - shaped mouth on the ventral side is lined with two rows of denticles and surrounded by numerous tubercles on the lips. Abdomen shows a dark spot against a light background. Both body and snout margins are covered with bony plates (Figure 2). 

Table no 1:  A Total of 11 meristic characters

	Sr. No.
	Meristic characteristics
	Count

	    1
	Dorsal fin rays (DFR)
	   13

	    2
	Anal fin rays (AFR)
	   05

	    3
	Caudal fin rays (CFR)
	   16

	    4
	Pectoral fin rays (PCFR)
	   07

	    5
	Pelvic fin rays (PLFR)
	   06

	    6
	Lateral line plates
	   28

	    7
	Adipose-caudal plates
	   05

	    8
	Anal-caudal plates
	   13

	    9
	Dorsal-adipose plates
	   06

	    10
	Dentary teeth
	   25

	    11
	Premaxillary teeth
	   28
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: A) Dorsal view of 
P. pardalis
; B) Ventral view; C) Lateral view of mouth D) Ventral view of mouth
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Phylogenetic relationship analysis: The phylogenetic relationship of the specimen identified as Pterygoplichthys pardalis was reconstructed using the mitochondrial DNA COI sequence bythe Neighbour-Joining method is presented in Figure 3. The numbers at the node represent the percentage bootstrap values for branches with1000 bootstrap replications. The generated sequence clustered with reference sequences of P. pardalis (PV982152.1, MK628373.1, MK049437.1, MK049440.1, PV834288.1) with strong Bootstrap support value (73-99), confirming its identity. Other species of Pterygoplichthys such as P. anisisti, P. ambrosettii, P. disjunctivus, P. established independent clades, separated from P. pardalis. The outgroup sequences (Hypostomus Plecostomus and Hypostomus punctatus) were clearly placed apart from Pterygoplichthys, validating the phylogenetic tree topology. These findings demonstrate that the COI marker effectively discriminates P. pardalis from closely related congeners and supports its accurate molecular identification. 
The identification of the investigated specimen as Pterygoplichthys pardalis was correctly validated by neighbour-joining method. Pterygoplichthys species that were closely related can be successfully differentiated using molecular markers like the mitochondrial COI gene. Accurate identification based on morphological differentiation among Loricariidae catfishes is notoriously difficult due to overlapping meristic features, colour polymorphism and the occurrence of hybrids (Page & Robins, 2006; Wu et al., 2011; Bijukumar et al., 2015; Lujanet al., 2015).
Strong evolutionary links within the genus Pterygoplichthys are indicated by the presence of well supported nodes in the phylogeny. Several molecular investigations have documented the separation between these genera, which is further supported by the clear clustering of Hypostomus species as an outgroup (Lujan et al., 2015). Our preliminary bootstrap values indicated that the COI region provides enough phytogenic evidence to differentiate between Pterygoplichthys genera as  (
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The finding of Pterygoplichthys pardalis in freshwater environments in India has important ecological implications. Due to extensive introduction from the aquarium trade, this species has now established an invasive population throughout Asia. High reproductive capability, parental care, tolerance to low water quality and burrowing activity are the factors that contribute to its invasive success (Nico and Martin, 2001). These characters allow them to disrupt benthic habitats, damage riverbanks and compete with native species. Therefore, detecting the spread of this invasive species and evaluating its ecological impact depends significantly on accurate molecular identification. 
Furthermore, the significance of DNA barcoding for species identification is highlighted by the genetic uniqueness of P. pardalis observed in the present study. For large scale monitoring activity, traditional morphological approaches are insufficient, particularly dealing with juvenile stages or morphologically cryptic taxa. On the other hand, molecular techniques offer a quick and accurate way to identify species. This has been emphasized in global studies where DNA barcoding has played a central role in invasive fish surveillance (Ward et al., 2009; Datta et al., 2022).

Study Limitation
The present study used mitochondrial COI sequencing of a single representative specimen for molecular identification. Therefore, intra-population genetic variation among closely related species could not be conclusively evaluated. Future studies involving larger sample sizes and additional nuclear markers are recommended.

CONCLUSION
The present study successfully confirmed the identity of Pterygoplichthys pardalis from the Ujani reservoir using morphological characteristics and mitochondrial COI barcoding. Phylogenetic analysis demonstrated close clustering of the generated sequence with previously reported P. pardalis sequences, supporting accurate molecular identification. The study highlights the usefulness of DNA barcoding as an efficient tool for identification of species. However, since the present study was based on mitochondrial COI analysis of a single representative specimen, further investigations using larger sample sizes and nuclear molecular markers are required to assess genetic diversity and possible introgression among closely related Pterygoplichthys species.



COMPETING INTERESTS:
Authors have declared that they have no known competing financial interests OR non-financial interests OR personal relationships that could have appeared to influence the work reported in this paper.

[bookmark: _Hlk198031404]Disclaimer (Artificial intelligence)

Author(s) hereby declare that NO generative AI technologies such as Large Language Models (ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing of this manuscript.

REFERENCES
1. Ajithkumar CR, Biju CR, Thomas R (1998). Plecostomus multiradiatus - an armoured catfish from freshwater ponds near Kunnamkulam, Kerala and its possible impact on indigenous fishes. LAK News, Limnological Association of Kerala, pp. 1-2.
2. Armando, T.W.K., R.C. Ramon & A.A. Enrique (2007). Amazon sailfin catfish Pterygoplichthys pardalis (Castelnau, 1885) (Loricariidae), another exotic species established in south-eastern Mexico. Southwestern Naturalist 52(1): 141–144.
3. Armbruster, J.W. (2003). Peckoltiasabaji, a new species from the Guyana Shield (Siluriformes: Loricariidae). Zootaxa 344: 1–12. 
4. Armbruster, J.W. & L. Page (1996). Redescription of Aphanotorulus (Teleostei: Loricariidae) with description of one new species, A. ammophilus from the Rio Orinoco Basin. Copeia 379–389.
5. Armstrong KF, Ball SL. (2005). DNA barcodes for biosecurity: invasive species identification. Phil Trans R Soc Lond B. 360: 1813–1823.
6. Bijukumar A., Smrithy R., Sureshkumar U. and George S. (2015). Invasion of South American suckermouth armoured catfishes Pterygoplichthys spp. (Loricariidae) in Kerala, India - a case study. Journal of Threatened Taxa 7(3): 6987–6995.
7. Chapin FS III, ES Zavaleta, VT Eviner, RL Naylor, PM Vitousek, HL Reynolds (2000). Consequences of changing biodiversity. Nature 405: 234-242.
8. Chavez M.J., De La Paz R.M., Manohar S.K., Pagulayan R.C., Vi C (2006). New Philippine record of South American sailfin catfishes (Pisces: Loricariidae). Zootaxa, 1109: 57-68.
9. Chaichana, Ratcha, and SirapatJongphadungkiet (2012). Assessment of the invasive catfish Pterygoplichthys pardalis (Castelnau, 1855) in Thailand: ecological impacts and biological control alternatives. Tropical Zoology 25.4 (2012): 173-182.
10. Daniels RJR, (2006). Introduced fishes: a potential threat to the native freshwater fishes of Peninsular India. J. Bombay Nat. Hist. Soc. 103:346-348.
11. Datta, S.N., Nagesh, T.S., Mahapatra, B.K. & Krishna, G. (2022). DNA barcoding delineates the identity of invasive South American sucker mouth armoured catfishes of genus Pterygoplichthys from East Kolkata Wetlands, India. Indian Journal of Fisheries, 69(2), 145–152.
12. Gibbs, M.A., J.H. Shields, D.W. Lock, K.M. Talmadge & T.M. Farrell, 2008. Reproduction in an invasive exotic catfish Pterygoplichthys disjunctvus in Volusia Blue Spring, Florida, U.S.A. Journal of Fish Biology 73: 1562–1572.
13. Golani, D. & G. Snovsky (2013). Occurrence of Suckermouth Armored Catfish (Siluriformes, Loricariidae, Pterygoplichthys) in inland waters of Israel. BioInvasions Records 2(3): 253–256; http://dx.doi. org/10.3391/bir.2013.2.3.13.
14. Guimaraes, A.S., Sousa, L.M., Feldberg, E. & Porto, J.I.R. (2023). Karyotypic and molecular analysis of Pterygoplichthys pardalis (Loricariidae) from the Amazon basin using mitochondrial COI sequences. Genes, 14(5), 1021.
15. Hill, A. M., & Lodge, D. M. (1999). Replacement of resident crayfishes by an exotic crayfish: the roles of competition and predation. Ecological Applications, 9(2), 678-690.
16. Hossain, M.Y., M.M. Rahman, Z.F. Ahmed, J. Ohtomi & A.B.M.S. Islam (2008). First record of the South American sailfin catfish Pterygoplichthys multiradiatus in Bangladesh. Journal of Applied. Ichthyology 24: 718–720.
17. Hubilla, M., F. Kis& J. Primavera (2007). Janitor fish Pterygoplichthys disjunctivus in the Agusan Marsh: a threat to freshwater biodiversity. Journal of Environmental Science and Management 10(1): 10–23.
18. Joshi, R.C. (2006). Invasive alien species (IAS): concerns and status in the Philippines, pp. 1–23. In: Proceedings of the International Workshop on the Development of Database (APASD) for Biological Invasion. FFTC, Taichung, Taiwan, China.
19. Joycelyn C. Jumawan., Benjamin M. Vallejo., Annabelle A. Herrera., Corazon C. Buerano and Ian Kendrich C. Fontanilla (2011). DNA barcodes of the suckermouth sailfin catfish Pterygoplichthys (Siluriformes: Loricariidae) in the Marikina River system, Philippines: Molecular perspective of an invasive alien fish species. Philippine Science Letters, (4), 103-113.
20. Kumbhar D.S, S.A. Shaikh, D.K. Mhaske (2018). Fish faunal diversity of Bhima River at Pedgaon, Shrigonda (Ahmednagar District) IJCRT: 6 (2): 2320-2882.
21. Krishnakumar KR, Raghavan G, Prasad A, Bijukumar M, Sekharan B, Periera B, Ali A (2009). When pets become pests - exotic aquarium fishes and biological invasions in Kerala, India. Curr. Sci. 97:474-476.
22. [bookmark: _Hlk229737314]Lujan, N.K., Armbruster, J.W., Lovejoy, N.R. & López-Fernández, H. (2015). Multilocus molecular phylogeny of the suckermouth armored catfishes (Siluriformes: Loricariidae) with a focus on subfamily Hypostominae. Molecular Phylogenetics and Evolution, 82, 269–288.
23. Lynch M, Jarrell PE. (1993). A method for calibrating molecular clocks and its application to animal mitochondrial DNA. Genetics. 135: 1197–1208.
24. Nakabo, T. (ed.) 2002. Fishes of Japan with Pictorial Keys to The Species, English edition, Tokai University Press, Tokyo.
25. Nathan K. Lujan, Jonathan W. Armbrusterc, Nathan R. Lovejoyd, Hernán López-Fernándeza, Multilocus (2015). Molecular phylogeny of the suckermouth armored catfishes (Siluriformes: Loricariidae) with a focus on subfamily Hypostominae. Molecular Phylogenetics and Evolution 82. 269–288.
26. Nico, L.G. & T.R. Martin (2001). The South American Suckermouth Armored Catfish, Pterygoplichthys anisitsi (Pisces: Loricariidae), in Texas, with comments on foreign fish introductions in the American Southwest. Southwestern Naturalist 46(1): 98–104.
27. Nico L. G (2010). Nocturnal and diurnal activity of armoured suckermouth catfish (Loricariidae: Pterygoplichthys) associated with wintering Florida manatees (Trichechus manatus latirostris). Neotrop. Ichthyol, 8(4).
28. Ozdilek, S.Y. (2007). Possible threat for middle-east inland water: an exotic and invasive species, Pterygoplichthys disjunctivus (Weber, 1991) in Asiriver, Turkey. Journal of Fisheries and Aquatic Sciences 24(3–4): 303–306.
29. Page, L.M. & R.H. Robins (2006). Identification of sailfin catfishes (Teleosti: Loricariidae) in south-eastern Asia. The Raffles Bulletin of Zoology 54: 455–457.
30. Sarwade J.P and Khillare Y. K (2010). Fish Diversity of Ujani Wetland, Maharashtra, India. Journal of The Bioscan, Special issue, Vol. 1; 173 -179.
31. Singh AK (2014). Emerging alien species in Indian aquaculture: prospects and threats. J. Aquat. Biol. Fish. 2:32-41.
32. Singh, A. K. and Lakra, W. S. (2011). Risk and benefit assessment of alien fish species of the aquaculture and aquarium trade into India. Rev. Aquaculture, 3, 3–18.
33. Sinha RK, Sarkar UK, Lakra WS (2010). First record of the southern sailfin catfish, Pterygoplichthys anisistsi Eigenmann and Kennedy, 1903 (Teleostei: Loricariidae), in India. J. Appl. Ichthyol. 26:606-608.
34. Sumanasinghe, H.P.W. & U.S. Amarasinghe (2013). Population dynamics of accidentally introduced Amazon Sailfin Catfish, Pterygoplichthys pardalis (Siluriformes, Loricariidae) in Pologolla reservoir, Sri Lanka. Sri Lanka Journal of Aquatic Sciences 18: 37–45.
35. Ward RD, Hanner R, Hebert PDN (2009). The campaign to DNA barcodes all fishes, FISH BOL. J Fish Biol, 74: 329 356.
36. Wu, L.W., C.C. Liu & S.M. Lin (2011). Identification of exotic Sailfin Catfish species (Pterygoplichthys, Loricariidae) in Taiwan based on morphology and mtDNA sequences. Zoological Studies 50: 235–246. 
37. Zworykin, D.D. & S.V. Budaev (2013). Non-indigenous armoured catfish in Vietnam: invasion and systematic. Ichthyological Research 60(4): 327–333; http://dx.doi.org/10.1007/s10228-013-0356-9












image4.png




image5.jpeg




image6.png




image7.png
JF769358. Pterygoplichthys pardalis
PQ521447.1 Pterygoplichthys ambrosettii
GUT01546.1 Pterygoplichthys ambrosettii

5o | MINB54573. Perygoplichthys ambrosettii
KT239004. Pterygoplichthys anisitsi

NC 025584. Hypostomus plecostomus
2

NC 015747. Pterygoplichthys disjunctivus
Pterygoplichthys pardalis.

L PV982152.1 Perygoplichthys pardalis
MK628373.1 Pterygoplichthys pardalis

MK049437.1 Pterygoplichthys pardalis

| — MK049440.1 Prerygoplichthys pardalis
32| |FJ978037.1 Pterygoplichthys joselimaianus

PV834288.1 Pterygoplichthys pardalis

HM405207.1 Pterygoplichthys etentaculatus

100 1 4M404959 1 Pterygoplichthys etentaculatus

KJ720697.1 Hypostomus punctatus




image1.jpeg
i
s
3
i





image2.jpeg
ani Reservoir

Google Earth

o,V

Zeniowan

et

Fhot

genimanagar

A
N
=




image3.png




