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Nutrient Loading and Phytoplankton Responses Associated with Open-Sea Cage Culture of Mud spiny lobster

ABSTRACT
	The rapid expansion of offshore mariculture has raised concerns regarding nutrient enrichment and its ecological consequences in coastal ecosystems. Among emerging mariculture practices, open-sea cage culture of mud spiny lobster (Panulirus polyphagus) has gained increasing importance along the Indian coast, yet information on nutrient loading and ecosystem responses remains scarce. This study quantified nitrogen (N) and phosphorus (P) loading associated with lobster cage farming and evaluated phytoplankton responses in the north-eastern Arabian Sea off Veraval, Gujarat. A nutrient budget approach was employed to estimate nutrient inputs, retention, and release from the farming system, while phytoplankton abundance and nutrient concentrations were monitored throughout the culture cycle. Results showed that only a small fraction of feed-derived nutrients was retained in lobster biomass, whereas approximately 88.9% of nitrogen and 89.3% of phosphorus inputs were released into the surrounding environment. Mean phytoplankton abundance during the study was 2.01 × 10⁵ ± 1.21 × 10⁴ cells L⁻¹, with diatoms consistently dominating the community. Although nutrient discharge increased progressively with farming activity, no signs of eutrophication, harmful algal blooms, or ecological deterioration were observed. Nitrate exhibited the strongest positive association with phytoplankton abundance, suggesting a potential role of nitrogen availability in regulating primary productivity. The findings indicate that despite substantial nutrient release, offshore hydrodynamic conditions effectively facilitate nutrient assimilation and dispersion, maintaining ecological stability under the current production scale. This study provides valuable baseline information for ecosystem-based management and the sustainable expansion of offshore lobster mariculture in the Arabian Sea.
Keywords: Nutrient budgeting; Phytoplankton dynamics; Lobster mariculture; Environmental sustainability and Coastal ecosystem.
1. INTRODUCTION
	Marine cage aquaculture has emerged as one of the fastest-growing sectors of global food production, contributing substantially to seafood supply and coastal livelihoods (Gentry et al., 2017). The expansion of marine finfish and shellfish farming has increased concerns regarding the release of organic wastes and dissolved nutrients into surrounding aquatic environments (Price et al., 2015). Feed inputs constitute the primary source of nutrient loading in cage aquaculture systems, and a considerable proportion of feed-derived nitrogen (N) and phosphorus (P) is often released into the environment through uneaten feed, faecal matter, and metabolic excretions. Excessive nutrient enrichment may alter water quality, stimulate primary production, and potentially affect the structure and functioning of coastal ecosystems (Holmer et al., 2008; Islam, 2005).
	Nitrogen and phosphorus are recognized as the principal nutrients governing phytoplankton productivity in marine ecosystems (Moschonas et al., 2017; Wen et al., 2007). Nutrient inputs from aquaculture operations can increase phytoplankton biomass and modify community composition, particularly in semi-enclosed and poorly flushed coastal waters. The ecological consequences of nutrient loading depend largely on local hydrodynamic conditions, nutrient assimilation capacity, and the magnitude of farming activities (Tade et al., 2026). While moderate nutrient enrichment may enhance primary productivity, excessive nutrient accumulation can contribute to eutrophication, harmful algal blooms, oxygen depletion, and biodiversity loss (Wu, 1995; Holmer et al., 2008). Consequently, understanding nutrient budgets and their ecological implications is essential for developing environmentally sustainable aquaculture practices.
	Among marine crustaceans, spiny lobsters represent a high-value aquaculture commodity with increasing commercial importance in several Asian countries (Radhakrishnan et al., 2019). Capture-based mariculture of mud spiny lobster (Panulirus polyphagus) has gained attention along the Indian coastline due to high market demand and favourable economic returns (Divu et al., 2023). In India, open-sea cage farming has been promoted as a sustainable mariculture approach owing to the availability of suitable coastal waters and favourable oceanographic conditions (Damodaran et al., 2018, 2023). However, lobster farming primarily relies on fresh trash fish as feed, which generally exhibits lower feed conversion efficiency and may result in substantial nutrient discharge to the surrounding environment (Damodaran et al., 2018). Quantification of nutrient release from lobster farming systems is therefore important for evaluating their environmental footprint and long-term sustainability.
	Phytoplankton communities are highly sensitive to environmental changes and are widely used as indicators of ecosystem health in marine environments. As the primary producers of aquatic food webs, phytoplankton respond rapidly to variations in nutrient availability and can provide valuable insights into ecological responses associated with aquaculture activities (Bisinicu et al., 2024; Gittings et al., 2021). Diatoms, in particular, are known to respond positively to moderate nutrient enrichment and frequently dominate productive coastal ecosystems. Assessing phytoplankton abundance in conjunction with nutrient loading estimates can therefore improve our understanding of nutrient assimilation processes and the ecological consequences of aquaculture-derived nutrient inputs.
	Although several studies have examined environmental impacts of marine cage farming worldwide (Carroll et al., 2003; Challouf et al., 2017; Price et al., 2015), information on nutrient budgeting and associated phytoplankton responses in open-sea lobster farming systems remains limited, particularly in the northeastern Arabian Sea. Most available studies have focused on water quality monitoring and environmental assessments, whereas direct linkages between feed-derived nutrient loading and phytoplankton dynamics have received comparatively less attention. Such information is essential for evaluating the assimilative capacity of coastal ecosystems and for guiding sustainable expansion of lobster mariculture in India.
	Therefore, the present study aimed to quantify nitrogen and phosphorus loading associated with open-sea culture of Panulirus polyphagus and to evaluate corresponding phytoplankton responses in the surrounding coastal waters of the Arabian Sea. Specifically, the study estimated nutrient inputs, retention, and release from the lobster farming system; examined temporal variations in phytoplankton abundance during the culture period, and assessed the ecological implications of feed-derived nutrient discharge for coastal ecosystem sustainability.
2. MATERIALS AND METHODS
2.1 Study Area
	The study was conducted at an open-sea lobster cage farming site located off Veraval coast, Gujarat, along the north-eastern Arabian Sea. The farming site consisted of six circular sea cages deployed approximately 800 m offshore at a mean depth of 8.1 ± 1.2 m. A reference site situated approximately 1.2 km away from the farming site was selected for environmental monitoring. Sampling was conducted from September 2021 to August 2022 covering pre-culture (September 2021 to December 2021), culture, and post-culture phases (May 2022 to August 2022). The culture period extended from January to April 2022. As the primary objective of the study was to evaluate nutrient release from spiny lobster sea-cage farming, analyses focused mainly on the culture period, when farming activities and associated nutrient inputs were at their maximum.
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	Fig. 1 Study area showing sea cages of lobster deployed off Veraval coast



2.2 Lobster Culture and Feeding Practices
	Mud spiny lobster (Panulirus polyphagus) juveniles were stocked in six sea cages and reared following standard capture-based mariculture protocols (Damodaran et al., 2018). Throughout the culture period, the lobsters were fed daily with fresh trash fish consisting predominantly of croakers (Johnius spp.), lizardfish (Saurida spp.), and threadfin bream (Nemipterus spp.) at a feeding rate of approximately 8% of their body weight (Mojjada et al., 2012). Data on proximate composition of trash fish, total feed supplied were systematically recorded during the study (Table A1 and A1) of (Appendix). These productions and feeding data were subsequently used to estimate nutrient inputs, retention, and losses for the nutrient budget analysis.
2.3 Nutrient Budget Estimation
Nitrogen (N) and phosphorus (P) budgets were estimated following mass balance principles commonly used in aquaculture nutrient budget studies.
Nitrogen Budget

 = Total nitrogen supplied through feed
 = Nitrogen incorporated into lobster biomass

Phosphorous Budget

 = Total phosphorous f Appenlied through feed
 = Phosphorous incorporated into lobster biomass

The percentages of nutrient retention and release were calculated as:


Monthly nutrient release estimates during the culture period (January–April 2022) were used for subsequent analysis.
2.4 Phytoplankton Sampling and Enumeration
Phytoplankton samples were collected fortnightly from both the cage culture site and the reference site using a plankton net of 20 µm mesh size. Samples were preserved in 5% buffered formalin and analysed in the laboratory using a Sedgwick-Rafter counting chamber. Phytoplankton abundance was expressed as cells L⁻¹. For the present study, only total phytoplankton abundance was considered to evaluate biological responses to nutrient loading. To evaluate variations associated with farming activity, the study period was divided into (Table 1):
Table:1 Temporal Segmentation of the study period
	Phase
	Period

	Pre-culture
	September–December 2021

	Culture
	January–April 2022

	Post-culture
	May–August 2022



2.6 Statistical Analysis
All data are presented as mean ± standard deviation (SD). Descriptive statistics were used to summarize temporal variations in nutrient loading and phytoplankton abundance during the study period. Prior to statistical analyses, data normality and homogeneity of variances were assessed using the Kolmogorov–Smirnov and Levene's tests, respectively. Pearson's correlation analysis was performed to examine the relationships between nutrient loading variables and phytoplankton abundance. Statistical significance was determined at p < 0.05. All statistical analyses were performed using IBM SPSS Statistics version 22.0 (IBM Corp 2013).
[bookmark: _Hlk232524422]3. RESULTS AND DISCUSSION
3.1 Nutrient Loading from Lobster Cage Farming
	The nutrient budget analysis revealed substantial nitrogen (N) and phosphorus (P) inputs into the open-sea lobster farming system through feed supplied during the culture period. Nutrient loading increased progressively with increasing lobster biomass and feed consumption, indicating a direct relationship between farming intensity and nutrient release. Total phosphorus input through feed during the four-month culture cycle was estimated at 8.91 kg, of which 7.96 kg (89.3%) was released into the surrounding environment, while only 0.95 kg (10.7%) was retained in harvested lobster biomass. Monthly phosphorus discharge increased from 1.65 ± 0.04 kg in January to 2.47 ± 0.02 kg in April, reflecting the increased feed requirement associated with lobster growth (Fig.2b).
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	Fig. 2 Monthly nutrient budgeting in open-sea cage culture of Panulirus polyphagus: (A) nitrogen and (B) phosphorus inputs through feed and release to the surrounding environment.



	Similarly, a total of 127.41 kg nitrogen was introduced into the farming system through feed inputs. Of this, 113.32 kg (88.9%) was released into the surrounding waters, whereas only a small proportion was incorporated into lobster biomass. Nitrogen discharge increased steadily throughout the culture period, from 23.36 ± 0.61 kg month⁻¹ in January to 35.61 ± 0.37 kg month⁻¹ in April (Fig.2a). Ammonia nitrogen represented the largest component of nitrogen loss (79.32 kg), followed by urea nitrogen (16.99 kg), indicating that dissolved metabolic excretion constituted the major pathway of nitrogen release from the farming system. 
	The low nutrient retention efficiencies observed in the present study suggest that the majority of feed-derived nutrients were not converted into harvestable biomass and instead entered the surrounding marine environment through uneaten feed, faecal matter, and metabolic wastes. Similar observations have been reported in marine cage aquaculture systems worldwide, where 70–90% of feed-derived nitrogen and phosphorus may be released into the environment rather than retained in cultured organisms (Islam, 2005; Holmer et al., 2008). The relatively high nutrient losses recorded in the present study are likely attributable to the use of fresh trash fish as feed, which typically exhibits lower nutrient utilization efficiency and greater wastage compared with formulated feeds.
	When expressed on a production basis, nutrient discharge was estimated at 247.34 kg N t⁻¹ lobster production and 17.38 kg P t⁻¹ lobster production. These values exceed those reported for most finfish cage culture systems. Nitrogen and phosphorus discharges from rainbow trout culture ranged from 25.97–33.47 kg N t⁻¹ and 7.32–7.96 kg P t⁻¹, respectively (Asir and Pulatsü, 2008), while salmon farming released approximately 50 kg N t⁻¹ and 9.3 kg P t⁻¹ (Wang et al., 2012). Formulated feed-based finfish systems discharged 72 kg N t⁻¹ and 17.3 kg P t⁻¹, compared with 142 kg N t⁻¹ and 26 kg P t⁻¹ in trash fish-fed systems (Qi et al., 2019). Although phosphorus discharge in the present study was comparable to formulated feed-based systems, nitrogen discharge was substantially higher than previously reported values. This disproportionate nitrogen release suggests that lobster cage culture may contribute to localized nitrogen enrichment in coastal waters, potentially enhancing primary productivity and altering nutrient cycling processes (Howarth and Marino, 2006). Therefore, understanding the fate of feed-derived nitrogen is essential for assessing the environmental sustainability of marine cage aquaculture.
	Despite the substantial nutrient discharge recorded during the study period, no evidence of severe environmental deterioration was observed at the farming site. The offshore location and prevailing hydrodynamic conditions likely facilitated rapid dilution and dispersal of dissolved and particulate wastes, thereby reducing nutrient accumulation in the vicinity of the cages. Similar findings have been reported for offshore cage farming systems where strong water exchange enhances the assimilative capacity of the receiving environment and mitigates the risk of localized eutrophication (Price et al., 2015; Holmer et al., 2008). Nevertheless, the progressive increase in nutrient discharge observed throughout the culture cycle highlights the importance of efficient feed management practices and continuous environmental monitoring to ensure the long-term sustainability of lobster mariculture operations. The nutrient budget demonstrates that open-sea cage culture of Panulirus polyphagus constitutes a measurable source of nitrogen and phosphorus to the surrounding coastal ecosystem. While the offshore environment appears capable of assimilating these nutrient inputs under the current scale of production, the high proportion of nutrients released to the environment underscores the need for strategies aimed at improving nutrient utilization efficiency and reducing waste generation in lobster farming systems.
3.2 Nutrient Dynamics and Phytoplankton Responses
	The nutrient-enriched environment generated by lobster cage farming was reflected in the nutrient concentrations and phytoplankton abundance observed during the culture period. Across the study period, mean nitrate concentration was 4.39 ± 0.63 µM, while phosphate and ammonia concentrations averaged 0.065 ± 0.008 µM and 0.311 ± 0.059 µM, respectively. Mean phytoplankton abundance was 2.01 × 10⁵ ± 1.21 × 10⁴ cells L⁻¹ (Table 2).

Table 2. Mean (± SD) phytoplankton abundance and nutrient concentrations associated with open-sea culture of Panulirus polyphagus during the study period.
	Parameter
	Mean ± SD

	Phytoplankton abundance
	201,398 ± 12,092 cells L⁻¹

	Ammonia
	0.311 ± 0.059 µM

	Phosphate
	0.065 ± 0.008 µM

	Nitrate
	4.388 ± 0.632 µM



	The progressive increase in nitrogen and phosphorus discharge from the cage farming system coincided with elevated nutrient availability in the surrounding waters and sustained phytoplankton abundance throughout the culture period (Fig.3). Nitrogen release increased from 23.36 ± 0.61 kg month⁻¹ in January to 35.61 ± 0.37 kg month⁻¹ in April, whereas phosphorus release increased from 1.65 ± 0.04 kg month⁻¹ to 2.47 ± 0.02 kg month⁻¹ during the same period (Fig.2). These increases corresponded with enhanced feed inputs and increasing lobster biomass throughout the culture cycle (Table 3).
[bookmark: _Hlk201594960]Table 3.  Lobster production biomass and FCR
	Cages
	Production (kg)
	Biomass (kg/m3)
	FCR

	Cage 1
	71.40
	0.727
	7.07

	Cage 2
	73.07
	0.744
	7.17

	Cage 3
	77.31
	0.787
	7.06

	Cage 4
	77.41
	0.788
	7.52

	Cage 5
	77.89
	0.793
	8.06

	Cage 6
	81.05
	0.825
	7.76
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	Fig. 3. Monthly variation in phytoplankton abundance and nutrient concentrations at the lobster cage farming site during the culture period.



Phytoplankton communities in the study area remained dominated by diatoms, including Chaetoceros spp., Skeletonema costatum, Rhizosolenia robusta, Stephanopyxis palmeriana, Navicula spp., and Nitzschia spp., (Appendix Table A3) which are widely recognized as opportunistic taxa capable of rapidly utilizing available nutrients (Ristea et al., 2025). The persistence of these taxa during the farming period suggests that feed-derived nutrient inputs contributed to enhanced primary productivity within the farming area.
	Despite substantial nutrient release, phytoplankton abundance remained within the normal range reported for productive coastal waters of the Arabian Sea. No evidence of harmful algal blooms or excessive phytoplankton proliferation was observed during the study period. Similar observations have been reported from offshore cage farming systems where strong hydrodynamic flushing and water exchange prevent excessive nutrient accumulation and promote rapid dilution of dissolved wastes (Holmer et al., 2008; Price et al., 2015). These findings indicate that although lobster farming contributed measurable nutrient inputs to the surrounding waters, the assimilative capacity of the farming environment was not exceeded during the study period.
3.3 Nutrient-Phytoplankton Relationships
	Pearson correlation analysis revealed variable relationships between nutrient concentrations and phytoplankton abundance. Among the measured nutrient variables, nitrate exhibited the strongest association with phytoplankton abundance, displaying a moderate positive correlation (r = 0.63, p = 0.094). In contrast, ammonia (r = −0.33, p = 0.429) and phosphate (r = −0.13, p = 0.766) (Fig.4) showed weak negative relationships with phytoplankton abundance. Although none of the correlations were statistically significant at the 5% significance level, nitrate consistently demonstrated the strongest influence on phytoplankton variability.
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	Fig.4 Pearson correlation matrix showing relationships between phytoplankton abundance and nutrient variables.



	The positive relationship between nitrate concentration and phytoplankton abundance is can be interpreted for nitrate which is the principal dissolved inorganic nitrogen source available for phytoplankton growth in coastal marine ecosystems. Global assessments have identified nitrogen as a primary regulator of phytoplankton productivity across large oceanic regions, with communities often experiencing nitrogen limitation or co-limitation under natural conditions (Browning and Moore, 2023). Consistent with this, positive relationships between nitrate availability and phytoplankton biomass have been widely reported in nutrient-enriched coastal waters, where nitrogen availability plays a key role in regulating primary production and community structure (Cloern, 2001; Howarth and Marino, 2006).
	Multiple linear regression analysis further highlighted the role of nitrate as a potential driver of phytoplankton abundance. The regression model, incorporating nitrate and phosphate concentrations, explained 52.6% of the variation in phytoplankton abundance (R² = 0.526; adjusted R² = 0.336), indicating moderate explanatory capacity. However, the overall model was not statistically significant (F = 2.773, p = 0.155), likely reflecting the limited sample size and the inherent variability of open marine environments.
	Within the model, nitrate showed a positive association with phytoplankton abundance (β = 14511, p = 0.068), whereas phosphate exhibited a negative but non-significant effect (β = −561993, p = 0.295). Although the nitrate coefficient was marginally non-significant, its positive trend suggests that increasing nitrate availability may promote phytoplankton growth. In contrast, the weak influence of phosphate indicates that phosphorus was unlikely to be a primary limiting nutrient during the study period. The absence of stronger statistical relationships may be attributed to hydrodynamic mixing and nutrient dilution, which enhance nutrient dispersion and can mask phytoplankton responses in well-flushed offshore aquaculture environments (Morro et al., 2022; NOAA Fisheries, 2024).
	The observed relationship supports the conceptual pathway linking feed-derived nutrient inputs from lobster farming to localized enhancement of primary productivity. Nutrients released from uneaten feed, faecal matter, and metabolic excretion are mineralized into dissolved inorganic forms, particularly nitrate and ammonia, which subsequently become available for phytoplankton uptake. Verdegem (2013) emphasized that nutrient loading in aquaculture systems is primarily governed by feed inputs and nutrient retention efficiency, with cage-based production systems directly releasing a substantial proportion of feed-derived nitrogen and phosphorus into the surrounding aquatic environment. Consequently, nutrient enrichment associated with aquaculture activities can stimulate local primary production through increased availability of dissolved inorganic nutrients. Similar nutrient-phytoplankton linkages have been documented in marine cage farming systems worldwide, where moderate nutrient enrichment often stimulates phytoplankton growth without necessarily causing eutrophication or harmful algal blooms (Islam, 2005; Holmer et al., 2008).
3.4 Implications for Sustainable Offshore Lobster Mariculture
	The present study highlights the importance of understanding nutrient pathways and ecosystem responses in assessing the environmental sustainability of offshore mariculture systems. Although nutrient release is an unavoidable component of cage-based aquaculture, its ecological significance depends largely on the capacity of the receiving environment to assimilate and process these inputs. The offshore farming conditions observed in this study indicate that hydrodynamic exchange and natural ecosystem processes can effectively moderate the environmental footprint of lobster cage farming under the current production scale.
	These observations support the ecosystem-based approach to mariculture development advocated for Indian coastal waters, where site suitability, environmental carrying capacity, and adaptive management are considered fundamental to sustainable expansion. Previous studies have emphasized the integration of oceanographic, environmental, and operational criteria in mariculture planning to ensure environmentally responsible utilization of offshore resources (Divu et al., 2021). Similarly, technological advancements in lobster farming systems have demonstrated that improved culture practices and resource-use efficiency can enhance both production performance and sustainability outcomes (Divu et al., 2023).
	From an ecological perspective, the results suggest that nutrients released from lobster farming can become incorporated into natural biogeochemical processes rather than accumulating as persistent pollutants. The observed phytoplankton responses indicate that feed-derived nutrient inputs contributed to localized nutrient recycling and primary productivity without causing signs of ecological imbalance. Such responses are characteristic of well-flushed offshore environments, where biological uptake and physical dispersion collectively regulate nutrient availability and reduce the risk of eutrophication.
	Despite the apparent assimilative capacity of the farming environment, the high proportion of nutrients lost from feed underscores the need to improve nutrient-use efficiency within lobster production systems. Enhanced feeding strategies, improved feed conversion performance, and the development of nutritionally balanced formulated feeds could substantially reduce nutrient wastage. In addition, emerging approaches such as Integrated Multi-Trophic Aquaculture (IMTA), involving nutrient-extractive species such as seaweeds and filter-feeding bivalves, offer promising opportunities to recover excess nutrients and further improve environmental performance.
	The findings indicate that open-sea culture of Panulirus polyphagus can be undertaken in an environmentally sustainable manner when supported by suitable site selection, effective farm management, and regular environmental monitoring. As offshore mariculture continues to expand in India, the integration of ecosystem-based planning, technological improvements, and nutrient mitigation strategies will be essential to ensure that production remains within the ecological carrying capacity of coastal ecosystems while supporting long-term sectoral growth and sustainable blue economy objectives.
CONCLUSION
	This study quantified nutrient loading associated with open-sea cage culture of the mud spiny lobster (Panulirus polyphagus) and evaluated its influence on phytoplankton dynamics in the northeastern Arabian Sea. Nutrient budget analysis revealed that a large proportion of feed-derived nutrients was released into the surrounding environment, with approximately 88.9% of nitrogen and 89.3% of phosphorus inputs discharged from the farming system. Nitrogen losses were particularly high, reflecting the low nutrient-use efficiency associated with trash fish-based feeding practices. Despite these substantial nutrient releases, no evidence of eutrophication, harmful algal blooms, or ecological degradation was observed during the culture period. Phytoplankton communities remained dominated by diatoms, and phytoplankton abundance stayed within the range typical of productive coastal waters. Nitrate showed the strongest positive relationship with phytoplankton abundance, indicating that nitrogen availability may contribute to localized enhancement of primary productivity. However, the absence of statistically significant nutrient–phytoplankton relationships suggests that hydrodynamic flushing, dilution, and natural biological uptake processes effectively regulated nutrient concentrations in the offshore farming environment. The findings demonstrate that, under the current production scale and environmental conditions, the receiving ecosystem possesses sufficient assimilative capacity to accommodate nutrient inputs from lobster cage farming. Nevertheless, the high proportion of nutrients lost from feed highlights the need for improved feeding strategies, better feed conversion efficiency, and the adoption of nutrient mitigation approaches such as formulated feeds and integrated multi-trophic aquaculture. Continued environmental monitoring and ecosystem-based management will be essential to support the sustainable expansion of offshore lobster mariculture in India.
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APPENDIX:
Table A1 List of phytoplankton species and their abundance recorded during the study period.
	[bookmark: _Hlk202363024]Phytoplankton Species and (Symbols)

	Abundance

	
	
Reference Site
	Lobster Cage Culture Site

	Class: Bacillariophyceae (Diatoms)
	
	Before Culture
	During Culture
	After culture

	[bookmark: _Hlk221201169]Order: Centrales
	
	
	
	

	[bookmark: _Hlk187166674][bookmark: _Hlk201246633]1
	Biddulphia mobiliensis (BM)
	-
	+
	+
	+

	2
	Biddulphia sinensis (BS)
	+ +
	+
	-
	+

	3
	Cerataulina bergonii (CB)
	+
	-
	-
	++

	4
	Chaetoceros sp. (C)
	+ +
	+ +
	+ + +
	++

	5
	Coscinodiscus excentricus (CE)
	+ +
	+ + +
	+ +
	+++

	6
	Coscinodiscus radiatus (CR)
	+ + +
	+ +
	+ +
	++

	7
	Cyclotella sp. (Cyo)
	+ + +
	+ +
	+ + +
	++

	8
	Ditylum brightwelli (DB)
	-
	+
	-
	+

	9
	Eucampia cornuta (EC)
	+ +
	+
	+
	+

	10
	Lauderia annulate (LA)
	+ +
	+ +
	+ +
	++

	11
	Lithodesmium sp. (Li)
	-
	+
	-
	+

	12
	Planktoniella sol (PS)
	+
	-
	-
	-

	13
	Rhizosolenia alata (RA)
	+ +
	+ + +
	+ +
	+++

	14
	Rhizosolenia robusta (RR)
	+ + +
	+ +
	+ + +
	++

	15
	Skeletonema costatum (SC)
	+ +
	+ +
	+ + +
	++

	16
	Stephanopyxis palmeriana (TP)
	+
	+ +
	+ + +
	++

	17
	Thallassiosira subtilis (TS)
	+ +
	+ +
	+
	++

	Order: Pennales

	1
	Bacillaria paradoxa (BP)
	+ +
	+
	-
	+

	2
	Campylodiscus iyengarii (CI)
	+
	-
	-
	-

	3
	Cocconeis littoralis (CL)
	+ +
	+ +
	+ +
	++

	4
	Fragilaria oceanic (FO)
	+
	+
	+
	+

	5
	Grammatophora undulate (GU)
	+ +
	+
	+
	+

	6
	Gyrosigma balticum (GB)
	+ +
	+ +
	+ +
	++

	7
	Licmophora delicatula (LD)
	+ +
	+ +
	+
	++

	8
	Mastogloia exilis (ME)
	+
	-
	-
	-

	9
	Navicula sp. (Nav)
	+ + +
	+ +
	+ + +
	++

	10
	Nitzschia closterium (NC)
	+ + +
	+ + +
	+ + +
	+++

	11
	Nitzschia sp. (Nit)
	+ +
	+
	+ +
	+

	[bookmark: _Hlk173766933]12
	Rhaphoneis discoides (RD)
	+
	+ + +
	+
	++

	13
	Surirella fluminensis (SF)
	+ +
	+ +
	+ +
	++

	14
	Thalassionema nitzschioides (TN)
	+ + +
	+ +
	+ +
	++

	15
	Thallasiothrix frauenfeldii (TF)
	+ + +
	+ +
	+ + +
	++

	[bookmark: _Hlk162364385]Class: Dinophyceae (Dinoflagellates)

	1
	Amphisolenia bifurcate (AB)
	-
	+
	+
	+

	2
	Ceratium declinatum (CD)
	+
	-
	-
	-

	3
	Ceratium sp. (Cer)
	+
	+
	+
	+

	4
	Cochlodinium citron (CC)
	+
	-
	-
	-

	5
	Dinophysis caudata (DC)
	+ + +
	+ +
	+ +
	++

	6
	Diplopsalis sp. (Di)
	+ +
	-
	-
	-

	7
	Ornithocercus magnificus (OM)
	+
	-
	-
	-

	8
	Peridinium claudicans (PC)
	+ +
	+
	+
	+

	9
	Podolampas bipes (PB)
	+ + +
	-
	-
	-

	10
	Prorocentrum sp. (Pro)
	-
	+ +
	+
	++

	11
	Pyrophacus Horologium (PH)
	+
	-
	-
	-

	*Abundant = + + +; Average = + +; Less in Number = +; Absent = -


Note- Ranges (cells/micro liter) Abundance (+++) 0.5-0.8; Average (++) 0.1-0.5; Less in Number (+) 0.01-0.1; Absent (-) 0











Table A2. Proximate composition of trash fishes supplied as feed for Spiny Lobster in sea cages
	Sr. No.
	Fish
	Moisture (%)
	Protein (%)
	Lipid (%)
	Ash (%)
	Phosphorous (mg/100gm)

	1. 
	Croackers (Johnius spp)
	76.02
	20.44
	2.51
	0.89
	241

	2. 
	Lizard fish (Saurida thumbil)
	75.24
	17.76
	2.36
	4.12
	291

	3. 
	Japanese threadfin bream (Nemipterus japonicus)
	74.26
	18.32
	3.10
	4.15
	253



Table A3. Quantity of trash fish given as Feed to Culture species (Spiny Lobster)
	Cage No.
	Feed given per Month (kg)

	
	January (kg)
	February (kg)
	March (kg)
	April (kg)

	1. 
	96.45
	108.05
	133.6
	166.95

	2. 
	88.70
	97.55
	125.45
	151.4

	3. 
	104.95
	107.26
	132.99
	164.22

	4. 
	100.62
	107.26
	128.755
	154.655

	5. 
	109.05
	111.45
	133.22
	159.425

	6. 
	104.34
	107.09
	128.535
	150.21

	Total (Kg)
	604.11
	638.66
	782.55
	157.81
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