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Abstract 
 

Stinging catfish (Heteropneustes fossilis) has high consumer demand due to its high 
iron and calcium contents. Also, being a lean fish, it is very suitable for people who do 
not prefer to consume animal fats. In view of its nutritional and therapeutic 
significance and lack of data on dietary phenylalanine: tyrosine ratio, a dose-response 
experiment was conducted to determine phe: tyr ratio for H. fossilis fry (4.1±0.3g). Six 
isonitrogenous (380 g/kg crude protein) and isocaloric (15.3 kJ/g digestible energy) 
amino acid test diets were prepared by adjusting 26.6 g/kg of total phenylalanine and 
tyrosine in varying ratios of phenylalanine/tyrosine (30:70, 40:60, 50:50, 60:40, 70:30, 
80:20) on molar basis. Quadruplicate groups of fishes were fed with diets indicated for 
12-weeks to apparent satiation, thrice daily. Mathematical analyses of Daily Growth 
Coefficient (DGC%), Specific Growth Rate (SGR%/day), Feed Conversion Ratio (FCR) 
and Erythrocyte Osmotic Fragility (EOF) as quadratic-broken line regression analyses, 
exhibited optimum dietary phenylalanine: tyrosine ratio of 64.94: 35.06 corresponding 
to 15.83 g/kg: 8.55 g/kg on equimolar basis. Data of this study would be of high 
significance to ensure that optimum phenylalanine and tyrosine ratio of fish is met 
while using a greater variety of cost-effective dietary protein feedstuffs for sustainable 
aquafarming of this fish. 

Introduction 
 

Fish consumption has more than doubled from 9.6 
kg/capita in 1961 to 20.5 kg/capita in 2018 (FAO, 2020). 
In present pandemic situation, global appetite for fish is 
expected to increase further due to its superior 
nutritional profile of high biological value. With the fall 
in capture fisheries, aquaculture has been the only 
alternate to fill the gap between supply and demand of 
quality protein diet as fish.  

Amino acids (AA) are vital molecules in the 
metabolism of all living organisms and are the building 
blocks of enzymes (Yaghoubi et al., 2018). Essential 
amino acids are key molecules for building proteins, as 

well as important regulators of key metabolic pathways 
including cell signaling, appetite stimulation, growth and 
development, energy utilization, immunity, 
osmoregulation, ammonia detoxification, antioxidative 
defense, metamorphosis, pigmentation, gut and 
neuronal development, stress responses, reproduction, 
normal pancreatic and liver function, and for 
suppression of aggressive behavior in aquatic animals 
(Wu et al., 2013, 2014; Yaghoubi et al., 2018). Aromatic 
properties of fish meat partly depend up on amino acid 
distribution (Hall & Ahmad, 1992). Since most 
alternative protein sources are deficient in point of 
including all essential amino acid, it is crucial to establish 
essential amino acid requirements for various cultivable 
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Effect of water temperature on protein

requirement of Heteropneustes fossilis
(Bloch) fry as determined by nutrient
deposition, hemato-biochemical
parameters and stress resistance response

Shabihul Fatma1* and Imtiaz Ahmed2
Abstract

Background: Dietary protein requirements are dependent on a variety of factors and water temperature is one of
the most important abiotic factors affecting protein requirement of fish. This study was, therefore, conducted to
investigate effects of water temperature on dietary protein requirement of fry Heteropneustes fossilis which has high
demand in most of the Asian markets.

Methods: Quadruplicate groups of 30 fish per treatment (2.97 ± 0.65 cm; 5.11 ± 0.34 g) were fed seven isoenergetic
diets (17.9 kJ g−1 gross energy; 14.99 kJ g−1 digestible energy) containing dietary protein levels ranging from 28 to 52%
at two water temperatures (18 and 26 °C). Experimental diets were fed to apparent satiation as semi-moist cakes thrice
daily at 17:00, 12:00, and 17:30 h for 12 weeks. For precise information, various growth parameters, protein deposition,
hematological parameters, metabolic enzymes, and stress response were analyzed, and effects of water temperature
on dietary protein requirement was recommended on the basis of response from above parameters.

Results: Groups held at 26°C attained best growth, feed conversion, and protein deposition at 44% dietary protein
indicating that temperature affected dietary protein requirement for optimum growth of H. fossilis fry and protein
requirement seems to be satisfied with 44% dietary protein. Interestingly, interactive effects of both dietary protein
levels and temperature were not found (P > 0.05). Fish reared at 18 °C had comparatively higher values for aspartate
and alanine transferases than those reared at 26 °C water temperature which exhibited normal physiological value for
these enzymes indicating that body metabolism was normal at this temperature. Hematological parameters also
followed same pattern. Furthermore, fish reared at 26 °C water temperature exhibited more resistant to thermal stress
(P < 0.05). The 95% maximum plateau of protein deposition data using second-degree polynomial regression analyses
exhibited dietary protein requirement of fry H. fossilis between 40.8 and 41.8% of diet at 26 °C water temperature. The
recommended range of dietary protein level and protein/digestible energy ratio for fry H. fossilis is 40.8–41.8% and
27.21–27.88 mg protein kJ−1 digestible energy, respectively.

Conclusions: Information developed is of high significance for optimizing growth potential by making better utilization
of nutrient at 26 °C and, to develop effective management strategies for mass culture of this highly preferred fish species.

Keywords: Temperature, Heteropneustes fossilis, Growth, Metabolic enzymes, Hematological parameters
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Abstract: This paper presents the first comprehensive checklist of the non-marine molluscs from the western Himalaya, a region of high 
biodiversity and endemism. Based on faunistic surveys during 2019-2023 and published records, the paper reports 242 species belonging 
to 101 genera and 45 families of gastropods and bivalves, of which 168 species are endemic to the region. The paper also provides new 
distribution records and taxonomic notes for some species. Among the notable findings are the first records of Limax mayae, Oxyloma 
sp., Odhneripisidium kuiperi, Thiara aspera from India, and Bensonies jamuensis, Euaustenia cassida, Stagnicola sp. from the western 
Himalaya.  The paper presents some species with substitutional illustrations and literature from the region for the past two centuries. 
Additionally, the paper also discusses the threats that non-marine molluscs face in the western Himalaya and suggests some conservation 
measures to protect them. The authors hope this paper will serve as a baseline for future studies on the diversity, distribution, ecology, 
and conservation of non-marine molluscs in the western Himalaya.
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Abstract
Myxozoans are highly specialized metazoan parasites with a very diverse host range that live on aquatic hosts. In both wild 
and farm-raised fish, myxozoans are the most frequent parasites. The aim of the current study was to evaluate any myxo-
zoan parasite found in different organs of Schizothorax richardsonii. Live fish were transported with artificial aeration to 
the University of Kashmir. Thirty-five fish specimens were examined during the study period, and only gills of 6 fish were 
determined to be infected. Taxonomic study was carried out with the help of different keys, and histopathologcal study was 
assayed in order to study the diseased organs of the fish. Besides, characterization of partial 18S rDNA gene was also done 
in the present study as per the standard procedures. The findings showed that the plasmodia were big, oval shaped, and white 
in color, measuring 1.5 × 2.0 mm. They were referred to as intralamellar vascular-type plasmodia  (LV3). Histological changes 
in the gills included inflammation, gill epithelium lifting, hypertrophy of lamellar cells, and fusion of nearby gill lamellae. 
The myxospore body had a tiny ICP at the anterior end and was spherical to ovoidal in form, measuring 11.19 × 7.66 µm. 
Polar tubules were pyriform in shape and measuring 6.12 × 1.95 µm, having coils up to 7 in number. The gill plasmodium 
index showed a moderate level of infection (GPI 2). According to their phylogenetic relationships, M. richardsonii n. sp. 
was sister species to Myxobolus sp. KLT and Myxobolus dermiscalis–infecting scales of Labeo rohita from Myanmar and 
India, respectively. The novel sequence KU885918 and 30 additional sequences from closely related sequences showed 97% 
homogeneity or above in NCBI GenBank database. Moreover, the tree showed grouping based on the tissue tropism, host, 
and geographical location of the infected host. Morphological, histological, and molecular characterizations were used to 
identify a novel myxosporean parasite, Myxobolus richardsonii n. sp. in cold water fish, Schizothorax richardsonii (Heckel), 
obtained from Wullar Lake in Kashmir Himalayas, India.

Keywords Myxobolus · 18S rDNA · Wullar Lake · Pathogenicity

Introduction

The most prevalent parasites that fish encounter both in nat-
ural and farmed habitats are myxozoans (Ahmad and Kaur  
2017, 2018). Several species have reportedly posed a seri-
ous threat to economically significant freshwater fish in the 
past (Kaur and Ahmad 2016, 2017). These parasites are dis-
tinguished by having multicellular myxospores and making 
up roughly 18% of the cnidarian species diversity (Lom and 
Dykova 2006). Most abundant among the myxozoans are spe-
cies belonging to the genus Myxobolus, with approximately 
905 species (Eiras et al. 2014; Mathews et al. 2020). Emerging 
diseases that are related to environmental change are caused 
by specific myxozoans. Some of our most recognizable fish, 
like salmon and trout, are affected by these new diseases in 
the wild. Whirling disease and proliferative kidney disease are 
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A B S T R A C T   

Myxozoans are obligate endoparasites, cosmopolitan in distribution with both vertebrate and invertebrate hosts. 
Their myxospores consist of shell valves, polar capsules with coiled polar tubules that are extrudible, and 
infective amoeboid germs. Myxozoan parasites are most abundant, and due to their increasing number in recent 
years, they can pose an emerging threat to the fish industry worldwide. Hence, the immediate need is to devise a 
strategy to understand and detect parasites and parasitism. They may proliferate to different organs with the 
advancement of infection. This all warrants the development/devising of strategies and results of integrative 
studies in order to identify these dreadful parasites and resolve taxonomic issues. Different methods whether 
classical methods including gross morphology or advanced methods such as electron microscopy (SEM, TEM, 
STEM), Confocal laser scanning microscopy (CLSM), histopathological studies, site preference, host and tissue 
specificity, a molecular approach using new markers can be clubbed for identification because these parasites are 
hidden and are difficult to recognize. This group was earlier classified only on the basis of myxospores 
morphology, but due to the high structural variability of this group advanced methods and approaches have to be 
implied which can minimize the problems in assigning new species.   

1. Introduction 

Members of Phylum Cnidaria (Hatschek, 1888) are in most cases 
free-living organisms. Of them, members of the subphylum Myxozoa 
Grassé, 1970, Myxozoa have a parasitic way of life, because of their 
worldwide ecological and economic importance. Myxozoans have 
diverged from their free-living ancestors and during the process of 
divergence, they became miniaturized and thus evolved a complex life 
cycle [1,2]. Myxozoan is of great evolutionary interest and is an 
important component of ecosystems. According to Zhang [3], 2400 
described myxozoan species exist and the life cycles of only 50 species 
have been resolved [4]. Among the important diseases of myxozoan, 
whirling disease and proliferative kidney disease are the emerging dis-
eases affecting the wild populations of trout and salmon. Due to the 
diversified nature of myxozoan, they have exploited amphibians, rep-
tiles, and waterfowl besides freshwater and marine fish hosts, mammals 

[5,6] and birds [7]. An increase in fish aquaculture practices and 
pathological/pathophysiological studies have advanced our under-
standing of Myxozoa and thus led to increasing in research efforts [8]. 
Diversification of myxozoan reveals well-supported lineages including a 
marine lineage that utilizes polychaetes as final hosts, a freshwater 
lineage that utilizes oligochaetes as invertebrate hosts, and sphaer-
osporids whose invertebrate host remains unknown [9,10]. Myxospores 
have developed hard walls which extend viability in the environment for 
long periods depending on the temperature [11]. There are two classes 
of Myxozoa: Malacosporea and Myxosporea [12]. With a total of five 
described species, Malacosporea includes only two genera (Budden-
brockia and Tetracapsuloides). Myxosporea includes about 2400 species 
in 62 genera [13]. These myxozoans have enormous diversity, with 
nearly 20 % of described cnidarian species greater than the combined 
species richness of cubozoans, staurozoans, and scyphozoans. Due to 
their high diversity, abundance in nature, and economic importance 

* Corresponding author. 
E-mail address: safish999@gmail.com (I. Ahmad).  

Contents lists available at ScienceDirect 

Microbial Pathogenesis 

journal homepage: www.elsevier.com/locate/micpath 

https://doi.org/10.1016/j.micpath.2023.106512 
Received 14 June 2023; Received in revised form 23 October 2023; Accepted 19 December 2023   

mailto:safish999@gmail.com
www.sciencedirect.com/science/journal/08824010
https://www.elsevier.com/locate/micpath
https://doi.org/10.1016/j.micpath.2023.106512
https://doi.org/10.1016/j.micpath.2023.106512
https://doi.org/10.1016/j.micpath.2023.106512

