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ABSTRACT

Cold-water aquaculture can generate high-value fish and dependable mountain livelihoods, but
Himalayan farms now face warmer summers, irregular snowmelt, flash floods, heavy silt, winter
freezing and power interruptions. This article presents a practical climate-ready approach for trout
farming that combines resilient intake and raceway design, routine water-quality monitoring,
emergency aeration, efficient feeding, preventive health care, renewable-energy backup and
responsible waste management. It also explains where partial recirculating aquaculture systems can
help when flow or temperature becomes unreliable. The central message is to invest in stages: first
secure water, fish health and farm records; next add alarms and backup systems; and only then
consider automation or water reuse. Selecting technology against the farm's most costly risk can
reduce avoidable mortality, conserve water, improve feed efficiency and stabilize harvests without

forcing every farmer to build an expensive high-technology unit.
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INTRODUCTION

The Indian Himalayas possess a resource that most tropical aquaculture regions do not: naturally
cool, fast-flowing and oxygen-rich water. This resource supports trout hatcheries, raceway farms
and rural enterprises across Jammu and Kashmir, Ladakh, Himachal Pradesh, Uttarakhand, Sikkim
and Arunachal Pradesh. Rainbow trout (Oncorhynchus mykiss) is the principal farmed cold-water
fish because it performs well in clean running water and commands a high market value. Native
snow trout and golden mahseer are also important for biodiversity, livelihoods and recreational
fisheries, but their propagation and stocking must follow conservation priorities and approved local

practices.
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The mountain environment that creates this opportunity is becoming less predictable. Snowmelt
may provide abundant water in one season and inadequate flow in another. A cloudburst can send
silt, debris and floodwater through an intake within minutes. Warmer water holds less oxygen, while
fish metabolism and oxygen demand rise. Long winters can freeze pipelines and interrupt access to
seed, feed and markets. Climate-ready aquaculture therefore means maintaining production through
extreme events while using water, energy and feed responsibly. It is a management system, not a
single machine (Barange et al., 2018; FAO, 2024).

Figure 1. Flow-through trout raceways at Kokernag, Anantnag district, Kashmir. Photo:
Suhayl091/Wikimedia Commons (CC BY-SA 4.0).

Why cold-water farms are climate-sensitive

Trout tolerate a narrower environmental range than most warm-water culture species. A
practical operating range commonly used for grow-out is about 10-18 °C, with dissolved oxygen
maintained close to saturation and preferably around 8 mg/L or higher. These values are
management targets rather than universal cut-offs: safe limits change with fish size, stocking
density, acclimation, flow and duration of exposure (Petr, 2002; Bhagat and Barat, 2015). The trend
is as important as the reading. A rapid fall in dissolved oxygen or a rapid rise in temperature requires

attention even before a fixed threshold is crossed.

Climate hazards rarely act alone. Low flow concentrates faeces, uneaten feed and ammonia. Silt
irritates gills and can damage eggs and fry. Floodwater may introduce pathogens or allow cultured
fish to escape. A power failure can stop pumping, aeration and alarms at the same time. A blocked
road can delay feed delivery or marketing. The farm must therefore protect four linked systems:

water supply, fish life support, energy backup and access to inputs and buyers.

Page 477



Indian Farmer, Vol.13 (09),; September-2026 Chuskit et al

Build resilience from the intake to the outlet

A strong farm begins upstream. Assess the water source during the hottest, coldest and driest
periods, not only when water is abundant. The intake should have a removable trash rack or screen,
a settling chamber for sand and silt, and a bypass that diverts exceptional floodwater away from
fish units. Keep inlet and outlet channels separate to reduce cross-contamination. Raceway slope
and outlet design should permit rapid drainage and cleaning without dead zones where wastes

accumulate.

Place electrical panels, feed stores, oxygen cylinders and emergency equipment above the
known flood level. Protect exposed pipelines against freezing and physical damage. Partial shade
over channels or tanks can reduce summer heat gain, but should not obstruct airflow or routine
inspection. Screen outlets to prevent escape of cultured fish and entry of predators. These basic
measures often prevent more loss than an advanced device fitted to a poorly designed water system.

Monitoring must lead to action

Temperature and dissolved oxygen are the farm's vital signs. A minimum monitoring package is
a reliable thermometer or temperature logger, a calibrated portable dissolved-oxygen meter and a
written register. Larger units may add fixed probes for pH, water level and flow, with alarms sent to
a mobile phone. Instruments do not replace observation. Fish crowding near the inlet, rapid
opercular movement, reduced appetite, unusual swimming, darkening, gill irritation or an

unexplained rise in mortality may provide the first warning.

Every alarm needs a written response. The value of a sensor lies in deciding who receives the
alert, how quickly someone reaches the farm, which aerator or oxygen line starts, whether feeding
stops and which authority or fish-health professional is contacted. Check and calibrate meters
according to the manufacturer's instructions; a badly maintained probe can provide false

reassurance.

Table 1. Common climate warnings and the first farm response

Risk or warning Immediate response Long-term safeguard

sign
Water warming; Check the meter and fish; increase Set farm-specific alert levels;
dissolved oxygen safe flow and aeration; reduce or provide partial shade, backup

declining; fish gathering | stop feeding until conditions recover | aeration and lower peak

near inlet biomass
Sudden turbidity or Divert dirty inflow through the Raised/protected intake, trash
heavy silt after rain bypass; stop feeding; inspect gills rack, settling chamber and
and settling chamber flood-diversion channel
Low winter flow or Protect available flow; clear ice Insulated pipelines, protected
freezing safely; use balancing storage or valves, storage tank and winter
partial recirculation if installed operating plan
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Power interruption Start gravity bypass, battery Independent backup for life-
aerator, oxygen cylinder or support equipment and a

generator; confirm water movement | tested outage checklist

Unusual behaviour or Test water first; isolate the affected | Reliable seed, quarantine,
rising mortality unit; remove and record dead fish; disinfection, density control
seek diagnosis and health records

Road closure or delayed | Avoid harvesting without confirmed | Advance harvest planning,
buyer ice, transport and buyer; maintain insulated boxes and collective

cold chain marketing

Note: Operating targets must be adjusted to local water source, fish size, biomass and advice from

the fisheries department or aquatic animal-health professional.

Use partial recirculation where it solves a real problem

A recirculating aquaculture system (RAS) reconditions and reuses water through mechanical
filtration, biological filtration, aeration or oxygenation and, where required, disinfection. Complete
recirculation offers high control but also demands skilled operation, continuous energy, water-quality
testing and dependable backup. In mountain regions, a hybrid system is often more realistic:
gravity-flow water remains the normal supply, while partial recirculation supports production during

low-flow, freezing or other high-risk periods.

Figure 2. Water-reuse culture units in a recirculating aquaculture system. Photo:
Narek75/Wikimedia Commons (CC BY-SA 4.0).

ICAR-Directorate of Coldwater Fisheries Research established a RAS-based rainbow trout
hatchery at Chuchot, Ladakh, with a capacity of 50,000 advanced fry. Controlled incubation allowed
earlier hatching than conventional flow-through systems exposed to fluctuating winter temperatures
(ICAR, 2022).

A validated ICAR cold-water RAS model listed by the Office of the Principal Scientific Adviser
reports water use below 1 m3/kg of fish and productivity above 40 kg/m3. These are technology-
performance values, not guaranteed farm results; actual output depends on design, feed, stocking,
biofilter stability, operator skill and energy reliability (Office of the Principal Scientific Adviser, 2026).
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Keep life-support equipment running

Remote farms frequently experience unstable grid supply. Solar photovoltaic panels can operate
sensors, communication equipment, lighting, feeders and appropriately sized pumps, while batteries
provide short-duration backup. Winter design is critical because daylight is shorter, temperature
affects battery performance and snow may cover panels. Do not depend on one power source for
life support. Combine the normal supply with at least one independent option such as gravity flow,
battery-backed aeration, an oxygen cylinder or a generator. Test the backup under load before the

production season; equipment that has never been tested is not a reliable emergency plan.

Feed for growth, not for waste

Feed is normally the largest recurring cost in trout farming and excess feed rapidly becomes a
water-quality problem. Estimate biomass by periodic sample weighing and adjust the ration to fish
size, temperature, appetite and the manufacturer's feeding guidance. Offer small, well-distributed
meals and observe the response. Automatic or demand feeders can improve uniformity, but only

when calibrated and checked for blockage or over-delivery.

During low dissolved oxygen, extreme temperature, heavy turbidity or disease, reduce or
temporarily stop feeding under expert guidance. Uneaten feed and increased digestion add oxygen
demand precisely when the system is already stressed. Record feed offered, biomass, mortality and
harvest weight so that feed conversion ratio can be calculated. A small improvement in feed

efficiency saves money and reduces nutrient discharge.
Prevent disease before treatment is needed

Climate stress weakens fish and can increase disease risk. Purchase seed from a reliable hatchery
and keep new batches separate before mixing them with existing stock wherever facilities allow.
Dedicate or disinfect nets, graders, footwear and transport containers between units. Remove dead
fish promptly, record the number and dispose of them safely according to local guidance.
Unexplained mortality, damaged gills, abnormal colour, lesions or persistent loss of appetite should
trigger immediate water-quality testing and professional diagnosis. Antibiotics must not substitute

for clean water, correct density, biosecurity or laboratory-supported treatment advice.
Capture waste and protect the market value

Sustainability continues beyond the raceway. Capture settled solids at outlets rather than releasing
them directly into a stream. After safe treatment and local assessment, nutrient-rich solids may be
used in agriculture; untreated sludge should not be applied indiscriminately. Monitor the receiving
water and keep outlets screened. Harvest only against confirmed demand because mountain
transport is slow and expensive. Clean handling surfaces, immediate icing, insulated boxes and
temperature records preserve quality. Farmer groups can jointly purchase feed and seed, share ice

and transport, and negotiate with hotels, restaurants and urban buyers.
Match the investment to the biggest risk

Climate-ready does not automatically mean expensive. Begin by identifying the loss that costs the
farm most: flood-borne silt, summer oxygen stress, winter flow failure, disease after stocking, feed
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wastage or delayed marketing. Buy the solution to that problem first. A simple register, clean intake

and tested emergency aerator may deliver more value than automation that nobody maintains.

Table 2. A phased investment pathway for trout farms

Stage

Priority measures

Best suited to

Stage 1:

Secure the basics

Intake screen, settling chamber, drainage,
cleaning schedule, thermometer, mortality

and feed register

Every farm before

intensification

Stage 2:

Add early warning

Portable dissolved-oxygen meter,
temperature logger, water-level/flow checks

and written emergency contacts

Farms with seasonal
warming, variable flow

or delayed supervision

Stage 3:
Protect life support

Backup aeration or oxygen, protected
electricals, battery/inverter or generator,

insulated vulnerable pipelines

Moderate- and high-
density farms where a
short outage can cause

major loss

Stage 4:

Improve efficiency

Automatic/demand feeding, biomass-based
rationing, solids capture, shared cold-chain

services

Commercial farms and
farmer clusters with

reliable management

Stage 5:

Consider water reuse

Partial or full RAS with mechanical and
biological filtration, oxygenation and trained

operation

Water-limited or climate-
exposed sites with
dependable power, skills

and maintenance funds

Policy momentum in the himalayan region

Cold-water fisheries now have stronger policy support. In July 2026, the Department of Fisheries
reported approval of fisheries development projects worth 3706 crore for Himalayan and hilly states,
including cold-water fisheries. The Model Guidelines for the Development of Cold Water Fisheries,
issued on 14 March 2026, cover raceways, RAS, hatcheries, feed mills, disease prevention and
market linkages. Four dedicated cold-water clusters have been identified at Anantnag in Jammu and
Kashmir, Pithoragarh in Uttarakhand, Kargil in Ladakh and Kullu in Himachal Pradesh. Promoted
technologies include Internet of Things-based water-quality monitoring, geographic information
system mapping, automated feeders, digital market platforms and RAS (Department of Fisheries,
2026).

Clusters are important because individual farmers cannot economically create every service.
Shared seed supply, diagnostics, feed storage, training, ice, transport and marketing can reduce
cost and improve reliability. Public infrastructure will deliver lasting benefits only when it is matched
with trained operators, maintenance funds, water-use planning and protection of native aquatic

biodiversity.
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A Five-step plan for the next production cycle

Table 3. Minimum climate-ready actions and records

When Action Minimum record
Before stocking | Review year-round water availability; clean the Source and seed batch,
intake; test temperature, dissolved oxygen and stocking date, number,

pH; prepare backup aeration; verify seed source initial weight and

baseline water quality

During culture Observe fish before feeding; check morning and Feed, mortality,
late-afternoon water quality; adjust feed to temperature, dissolved
biomass and conditions; remove mortality oxygen, pH, growth
immediately sample and unusual

behaviour

Before extreme | Clear bypass channels; secure equipment; verify Warning received, time,

weather backup power, oxygen and communication; reduce | person responsible,
feeding if flow, oxygen or turbidity deteriorates action taken and

recovery time

Before harvest | Confirm buyer, ice and transport; follow an Harvest weight, survival,
appropriate pre-harvest fasting plan; harvest in the | buyer, price, icing and

coolest practical period and chill promptly transport time

After harvest Calculate survival, growth and feed conversion; Production, feed used,
inspect intake, raceway, outlet and sludge points; losses, operating cost,
select one priority improvement sale value and lesson for

the next cycle

Produce fish without transferring risk to the river

Expansion must not transfer farm risk to the surrounding ecosystem. Screen inlets and outlets,
prevent escapes, capture solids, monitor receiving water and maintain disease surveillance. Do not
block natural channels or divert water beyond locally sustainable levels. Stocking exotic trout in open
waters must follow the competent authority's approval because Himalayan rivers support valuable
native fishes and sensitive habitats. A climate-ready farm succeeds only when it protects farmer

income, fish welfare and the clean water on which the enterprise depends.
CONCLUSION

The resilience of Himalayan trout farming will be decided by how well a farm handles its hottest
hour, lowest flow, sudden flood, power failure and delayed market vehicle. The strongest response
is phased and location-specific. Secure the intake and raceways, monitor fish and water, connect
every warning to an action, protect life-support systems, improve feed efficiency and strengthen
biosecurity before investing in advanced automation or recirculation. Daily records convert

experience into evidence and show which investment actually reduces loss. When farmers, technical
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agencies and clusters share reliable seed, diagnostics, training, backup services and cold-chain
facilities, climate risk becomes more manageable. Climate-ready aquaculture can then provide high-
value fish, rural employment and nutritional benefits without compromising Himalayan streams and

native biodiversity.
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