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Comparative Research of Fish’s Demeanor or action in Hereditary and Man-made Habitat
Abstract: We investigate the feeding behaviour, environmental variables and reproductive performance of six fish species (Labeo rohita, Catla catla, Oreochromis niloticus, Channa striata, Cirrhinus mrigala, and Cyprinus carpio) in two different aquatic environments, the Nagar Nigam Pond of Smriti Nagar and artificial aquaria. The intention was to compare the way natural and controlled environments affect the fish to see how they deal with feeding time, water quality, and breeding success. Nagar Nigam Pond, one-acre in area & 20-ft deep, is a natural habitat, while aquarium is a confined space designed for observing aquatic life. The data of this study indicate that fish species feed for a longer period of time in a pond than in in the aquarium. For instance, the Channa striata feeds for 250 seconds in the pond, and 150 seconds in the aquarium. In the pond, temperature and pH were also higher and more stable, resulting in longer feeding times and improved environmental conditions for fish. Graphs were generated comparing feeding duration, temperature, and pH in both habitats, allowing us to visualize these environmental factors. Most of the breeding activity was noted in the pond with the successful breeding of species like Labeo rohita and Catla catla. Oreochromis niloticus was the only species exhibiting breeding behavior from both habitats, In conclusion, the study points out that considering the natural conditions of Nagar Nigam Pond, as compared to artificial habitats, where fish may also breed, for certain species, both types are suitable for feeding and breeding of fish. This research is significant for understanding the effect of habitat type on aquatic species and on aquaculture as well as fish management.
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Introduction
A crucial domain of inquiry in aquatic ecology is to comprehend the dynamics of Ichthyological conduct, particularly feeding behaviour. The contextual context of a fish is essential in influencing its behaviour across geographical and temporal dimensions, since natural environments often exhibit more heterogeneity in resources and stimuli than artificial circumstances, which are generally more regulated and limited. Comparative studies observing fish in natural and artificial situations may enhance the understanding of how environmental variables impact eating behaviour and health. These are essential for effective conservation, aquaculture, and habitat management methods [1, 2, 3 ].
Natural habitats such as rivers, ponds, and lakes include several intricate biological elements, including seasonal variations, water quality, habitat complexity, food availability, and the presence of different fish species. Environmental factors may influence extended feeding periods and increased social activities among aquatic species. Conversely, fish in diluted habitats like aquariums have more regimented and regulated conditions, which may affect their behaviour (e.g., feeding times and frequencies). Natural environments often provide environmental cues lacking in artificial habitats, leading to changes in eating behaviors and reduced feeding duration [4, 5]. Feeding occurs based on the availability of feed in both natural and artificial habitats, as well as ecological parameters like water temperature, pH, dissolved oxygen, and the presence of other organisms [6, 7]. Scientific investigations have shown that, while natural surroundings exhibit significant heterogeneity and temporal variability, fish have evolved longer and more adaptable feeding schedules compared to those in controlled settings when feeding is halted artificially. Adaptation to varying environmental conditions is essential for species success in their natural habitats; thus, contrasting these life history traits provides valuable insights into the optimal recreation of their natural habitats in aquaculture and conservation initiatives [6, 8]. The reproductive behaviour and consequent success of species influence their fitness and survival in the natural environment. In evolutionary biology, these behaviours are seen as essential methods by which organisms enhance their reproductive success and, hence, the transmission of their genetic material. The determinants of breeding success, defined as the number of offspring that reach reproductive maturity, include ecological, social, and physiological aspects [9]. These multifaceted determinants include mating preferences, distribution of parental resources, territory establishment, environmental circumstances, predation pressures, and availability to food and water [10].The fundamental aspect of breeding behaviour is mate selection, including the signals people use to choose partners, including physical characteristics, behavioral displays, and genetic compatibility. Mating behaviour is essential for influencing genetic variety, and research indicates that female mate choice may enhance genetic diversity, resulting in more effective reproduction. The relationship between mate selection and reproductive success is complex, since environmental factors and both intra- and interspecies competition may influence these outcomes [11, 12, 13]. This research aims to further understanding in this domain by comparing the eating behaviors of several fish species in both natural and artificial contexts. We will concentrate on the fish species inside Nagar Nigam Pond and aquariums to examine the impact of varying surroundings on the duration required for a fish to consume food. The data is statistically analysed to identify differences and provide insights for fish management and conservation.
Materials and Methods-
Study Area and Site Selection-The study was carried out on two environments, namely natural habitat (Nagar Nigam Pond, Smriti Nagar, Bhilai, Chhattisgarh India) and artificial habitat (controlled environmental aquarium). Here, the natural habitat was the Nagar Nigam Pond which is 1-acre land and 20 feet deep. An artificial habitat was established via aquariums with controlled conditions to observe feeding behavior of the selected species in a controlled environment fig 1 in flowchart.
Identifying Fish Species- Six fish species, which are ubiquitous in both natural and man-made habitat, were used in the study. These species were: Labeo rohita, Catla catla, Oreochromis niloticus, Channa striata, Cirrhinus mrigala, Cyprinus carpio. A total of 6 fish species were collected. These species were based on their availability in the local ecosystem (Nagar Nigam Pond) and also suitability towards aquarium-based studies. We identified each species using visual surveys, nets, and species identification charts to reliably catalogue species for behavioral analysis that followed [14].

Behavioral Observation
Feeding behavior was observed in pond and aquarium environments over a number of weeks. We used feeding duration (i.e., the total time fish spent feeding during the observation period) as our main behavioral metric. In the Nagar Nigam Pond, feeding behaviors were observed in a natural setting. Fish were sampled at multiple time points throughout the day to evaluate potential temporal differences in feeding behaviour.

Feeding was performed at specific times twice daily in the aquarium, and the time for each feeding was measured in order to keep as consistent as possible. Data collection included video recordings and direct observational notes. This method ensured the feeding behavior was documented accurately and with no observational bias [15, 16, 17 ].
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                                 Fig 1 Flowchart of materials and methods

Water Quality Parameters- Water quality was monitored regularly in both habitats to examine its effect on feeding behavior. The subsequent parameters were documented. pH: A portable pH meter was used to measure the acidity or alkalinity of water. Note the temperature, with a digital thermometer, as temperature is so important during fish metabolism. DO: As measured by dissolved oxygen meter; crucial to fish health and action. Turbidity: This value is used to elucidate water clarity measured, as increased turbidity can also lead to changes in fish behavior and feeding efficiency. Salinity: Recorded if relevant, especially in aquarium systems, where salinity may be controlled. Throughout the study, these parameters were measured continuously in both habitats to ensure appropriate conditions for the fish were maintained [18, 19].

Duration of feeding and data collection Feeding times were documented using stopwatches and analysis of video [20] Fish were provided with standardized quantities of food according to their species-specific nutritional requirements:
Aquarium feeding: All fish were fed twice a day so that each fish received a similar amount of food at the same points in time. Small amounts of food were given to avoid overfeeding.
Natural Pond Feeding: Fish had access to feed naturally, and the duration of feed was recorded as they interacted with natural found in the environment (plankton, algae, detritus, etc.).
Total number of feeding durations (in seconds) during an extensive number of sessions across at least several days of observation were averaged per species to provide reliable estimates of duration of feeding.
Observations on Breeding-(Breeding Actions) Group Breeding Observation: The courting, egg-laying, and fertilisation attempts of every fish in each tank will be monitored. Breeding traits: The time of day: Note the breeding behavior's duration: Morning: Evening: Afternoon The breeding behaviour observed: Every species will be thoroughly watched for indications of courting, nest construction, and egg laying. Reproductive Output: For each species in both natural and artificial settings, the quantity of eggs laid during each breeding event will be noted. Breeding Success (%): The proportion of breeding events that are successful breeding success (i.e., the percentage of fertilised eggs or the survival rates of successful progeny) [21,22].









Result and Discussion-
The table 1 presents data about the feeding duration, water quality, and reproductive behaviour of six fish species in both ponds and aquariums. Labeo rohita, Catla catla Oreochromis niloticus, Channa striata, Cirrhinus mrigala, and Cyprinus carpio. Diverse species exhibit varying feeding periods influenced by environment, temperature, pH levels, and dissolved oxygen concentrations that affect eating behaviour [23, 24].
[image: C:\Users\MISHRA\Downloads\output (23).png] Flowchart 1 :  depicting the influence of feeding duration, water quality, and feeding rate on the growth and reproductive success of fish species in pond and aquarium settings.

Labeo rohita has a prolonged feeding duration in the pond, averaging 190 seconds, in contrast to 110 seconds in in the aquarium. Similarly, Catla catla feeds for 180 seconds in a pond, but for 140 seconds in an aquarium. Likewise, other species like as Oreochromis niloticus and Cirrhinus mrigala demonstrate extended feeding durations in ponds compared to aquariums. However 

	Table 1  Hereditary and Man-made Habitat Correlation between Feeding and Breeding and Food Frequency.


	Fish Species
	Habitat
	Feeding Duration (in sec)
	Food Frequency (per day)
	Temperature (C)
	pH 
	DO (mg/L)
	Breeding Behavior Observed (Yes/No)
	Breeding Success or not

	Labeo rohita
	Pond
	190
	Twice a day
	30
	7.3
	7.0
	Yes
	High

	
	Aquarium
	110
	Twice a day
	27
	7.8
	8.0
	No
	Low

	Catla catla
	Pond
	180
	Twice a day
	29
	7.5
	7.5
	Yes
	High

	
	Aquarium
	140
	Twice a day
	27
	7.8
	8.0
	No
	Low

	Oreochromis niloticus
	Pond
	240
	Twice a day
	30
	8.0
	7.5
	Yes
	High

	
	Aquarium
	190
	Twice a day
	29
	7.9
	8.0
	Yes
	High

	Channa striata
	Pond
	250
	Twice a day
	
29
	7.5
	6.5
	Yes
	Moderate to high

	
	Aquarium
	150
	Twice a day
	26
	7.2
	7.5
	No
	Low

	Cirrhinus mrigala
	Pond
	180
	Twice a day
	28
	7.1
	7.5
	Yes
	High

	
	Aquarium
	120
	Twice a day
	25
	7.4
	7.0
	No
	Low

	Cyprinus carpio

	Pond
	200
	Twice a day
	22
	7.1
	7.0
	Yes
	High

	
	Aquarium
	150
	Twice a day
	20
	6.7
	8.0
	No
	Low



Channa striata exhibited the most significant disparity, with 250 seconds in the pond compared to 150 seconds in the aquarium. The pond exhibits higher temperature and pH levels than the man made habitat. For Labeo rohita, the temperature in the pond is 30°C, while in the aquarium it is 27°C. In the aquarium, pH values vary from 6.7 to 7.9, but in the pond they range from 7.3 to 8.0 fig 2, 3. Indicating that pH levels in the pond are generally somewhat elevated for most species. Another cause might be variations in eating behaviours attributable to environmental variables. Regarding reproductive behaviour, over 90% of species engage in breeding inside the pond, whereas Labeo rohita, Catla catla, Oreochromis niloticus, and Channa striata exhibit successful or moderate-to-high breeding outcomes. The majority of species, such as Channa striata and Cyprinus carpio, exhibit little or nonexistent reproductive activity in an aquarium setting. Fish in the pond habitat exhibited extended feeding durations and effective reproductive behaviours compared to those in the controlled man made setting, attributable to elevated water temperatures, pH, and dissolved oxygen levels [ 20,21,22,25].
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Fig 2 Temperature comparison hereditary and man-made habitat
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Fig 3 Water pH comparison hereditary and man-made habitat
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Fig 4 Feeding duration comparison hereditary and man- made habitat
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Fig 5 "Comparison of Feeding Durations Among Various Fish Species in Pond and Aquarium Habitats: The radial chart depicts the feeding time (in seconds) allocated by each fish species in both settings, indicating extended feeding durations in the pond relative to the aquarium."


A radial chart fig 4, 5 is shown that compares the feeding durations of six fish species in ponds and aquariums. Feeding durations in seconds are specified for each species. Labeo rohita feed for 190 seconds in the pond compared to 110 seconds in the man-made habitat. Consequently, the feeding duration for Catla catla is 180 seconds in the pond and 140 seconds in the aquarium The aggregation period for Oreochromis niloticus is 240 seconds in the pond and 190 seconds in the aquarium. Channa striata allocates 250 seconds to foraging in the pond and 150 seconds to foraging in the aquarium. Cirrhinus mrigala feeds for 180 seconds in the pond and 120 seconds in the aquarium, while Cyprinus carpio feeds for 200 seconds in the pond and 150 seconds in the aquarium. The graph clearly indicates that, on average, fish in the pond environment feed for longer hours than those in an aquarium. In contrast, the natural habitat of fish in a pond, characterised by its larger size and diverse food sources, allows for prolonged feeding periods compared to the restricted environment and regulated circumstances of fish in an aquarium [26,27,28 ].The study examined the effects of different feeding rates on the health and reproductive performance of (Cyprinus carpio) koi. The most strong and healthiest growth was noted in koi that were fed 3–4% of their body weight daily. Insufficient eating (1–2%) induced stress and compromised immunological function, while excessive feeding (5–6%) diminished health and provoked inflammation. Average feeding was determined to optimize immune function and stress management, while both low and high feeding rates adversely impacted immunological responses and antioxidant levels in koi. The influence of adequate nutrition results in optimal development, enhanced immunological response, and less stress, all of which are crucial for successful reproduction. As a general guideline, a daily feeding rate of 3–4% of body weight is optimal for koi health, growth, and buoyant reproduction [29].


Conclusion-

This research examined the eating behaviour, habitat preferences, and reproductive traits of six fish species, including Labeo rohita, Catla catla, Cyprinus carpio, Oreochromis niloticus, Cirrhinus mrigala, and Channa striata in two distinct environments: pond and aquarium. Various factors, including feeding time, temperature, pH levels, feeding frequency, and respiratory success, were analysed to enhance understanding of the species' adaptation characteristics and its suitability for aquaculture and aquarium management. Feed time was greater in ponds and shorter in aquariums. The feed time was prolonged for all species in Ponds, with C. striata demonstrating the longest feed duration in the Pond. In contrast, C. mrigala and catla catla exhibited the briefest duration in both Pond as well Labeo rohita in Aquarium. Extended pond feeding durations were seen in conjunction with advantageous feeding zones and natural food supplies. The Pond was more favourable for natural feeding durations owing to improved natural and feeding space reception. The water temperatures in the ponds and aquarium were somewhat comparable. However, most species flourished at temperatures between 28-30 C. The temperatures for L. rohita, C. catla, and C. mrigala were marginally elevated, indicating a preference for tropical conditions among these prey species. The administration to C.carpio indicated a preferred temperature of 20 °C, which was seen in suitably calm environments and locales. Consequently, the Westing pertains to both culturally and aquatically influenced Pond and Aquariums. All animals were fed bi-daily in both the Pond and Aquarium settings. This feeding regimen seemed adequate for all species examined, since no significant differences were seen in growth or health between fish in both environments. Breeding behaviour was documented in all species, although only in the Pond environment for Labeo rohita, Catla catla, Cirrhinus mrigala, and Cyprinus carpio.Oreochromis niloticus (Tilapia) has established breeding in both pond and aquarium habitats, indicating that this species is well suited to both environments, resulting in optimal reproductive success. Channa striata had no observable reproductive behaviour in either environment.
excellent breeding success was seen in the pond environment for Labeo rohita, Catla catla, Cyprinus carpio, and Cirrhinus mrigala, although Oreochromis niloticus exhibited excellent breeding success in both habitats. 
                                               The experimental conditions of pond habitats were markedly superior to those of aquarium environments, including extended feeding durations, enhanced breeding success, and stable, ideal temperatures. Each aquatic species exhibited average values for reproductive success, the species Tilapia (Oreochromis niloticus) displayed undefined averages for successful breeding in both Pond and Aquarium environments, suggesting a versatile adaptability to various habitats applicable in aquaculture systems. Channa striata had limited reproductive success in both examined habitats, indicating that initiating breeding success in controlled environments may be challenging. Cyprinus carpio and Cirrhinus mrigala exhibited favourable breeding success in pond environments, however to a lesser extent in aquarium settings. The research emphasizes the need of appropriate breeding factors in conjunction with sufficient feeding durations within aquaculture systems. Certain species of Tilapia, together with Rohu and Mrigal Carp, thrive in pond ecosystems, although Channa striata may need distinct management strategies for reproduction. Understanding species-specific temperature, pH, and breeding preferences may enhance aquaculture production and fish health in aquaculture and aquarium systems. Tilapia's capacity to flourish in many conditions makes it a versatile species within global aquaculture systems, while species with more specialized requirements, Channa striata, may need more tailored management tactics. Above conclusion provides a fair summary of the data and accurately interprets the findings with practical implications for aquaculture and environmental management.
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Fish Species Comparison

Species: Labeo rohita, Catla catla, Oreochromis niloticus,
Channa striata, Cirrhinus mrigala, Cyprinus carpio

Habitats: Pond vs Aquarium

Feeding Duration and Environmental Impact

Pond Feeding: Longer feeding duration
Larger size, diverse food sources

Higher success due to optimal conditions

In Aquarium: Limited/no breeding success

Impact of Feeding Rate on Reproduction (Koi Example)

Optimal Feeding (3-4% BW/day): Supports healthy growth, immunity, and breeding success
Underfeeding (1-2% BW/day): Stress, weakened immunity, low breeding success

Overfeeding (5-6% BW/day): Poor health, inflammation, negative impact on breeding
Conclusion

Proper Feeding (3-4% BW/day) is optimal for health, growth, and breeding success.
Water quality in pond enhances breeding success.
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