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Introduction

Abstract

Kenya's per capita fish consumption of 4.5 kg/year is well below the global
average of 20.3 kg, partly due to the unsuitability of cold highland regions for
conventional pond aquaculture. This study evaluated the production efficiency
of a stand-alone Recirculating Aquaculture System (RAS); the FisHub model,
compared to an earthen pond under cold highland conditions in Limuru, Kenya
(annual mean temperature: 19°C; altitude: 2,500 m asl). All-male Oreochromis
niloticus fingerlings (25 + 0.5 g) were cultured for 60 days in the FisHub RAS
(50 m?, 120 fish/m?®) and an earthen pond (300 m?, 3 fish/m?). Productivity in
the FisHub was significantly higher (13.3kg/m® as compared to 0.8 kg/m?;
Mann-Whitney U, p < 0.01), with daily growth rates of 2.2 and 0.84 g/day, and
food conversion ratios of 1.0 and 2.1, respectively. Multiple linear regression
identified morning dissolved oxygen (p < 0.01), morning temperature (p =
0.042), and pH (p = 0.039) as significant productivity determinants. These
results demonstrate that stand-alone RAS can overcome the temperature and
oxygen constraints limiting conventional aquaculture in cold highland
environments, offering a viable pathway to increase Kenya's domestic fish
production.

conventional pond systems face a critical
constraint in cold highland regions: low water
temperatures suppress tilapia metabolism and

Global aquaculture has grown by over 500% since
the late 1980s and now supplies the majority of
fish for human consumption, as capture fisheries
have plateaued (Yuan et al., 2019). In Kenya, per
capita fish consumption remains at 4.5 kg/year
against a global average of 20.3 kg/year, reflecting
persistently low production. Aquaculture is
widely promoted as a means to close this gap, yet
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growth, while high altitude reduces the partial
pressure of oxygen available across the gill
lamellae (Jacobsen et al., 2003). These conditions
render much of Kenya's agriculturally productive
highland zone unsuitable for traditional open-
pond tilapia farming.

The Recirculating Aquaculture System (RAS)
addresses these constraints by maintaining
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controlled water quality, including temperature
and dissolved oxygen, at high stocking densities
(Xiao et al., 2019). Despite its established use in
tilapia hatcheries in Kenya (Opiyo et al., 2018;
Clough et al., 2020), RAS grow-out production
remains almost entirely unexplored: fewer than
five RAS grow-out farms exist nationally,
contributing less than 3% of total aquaculture
output (Obwanga et al., 2020). This study
evaluated the production efficiency and key water
quality determinants of a commercially available
stand-alone RAS (the FisHub model) relative to a
conventional earthen pond under cold highland
conditions in Limuru, Kenya.

Materials and Methods
Study Site and Systems

The study was conducted in Limuru, Kenya
(~2,500 m asl; annual mean temperature 19°C),
representative of cold highland environments
where conventional tilapia farming is constrained.
Two systems were compared: (i) the FisHub
model; a closed stand-alone RAS (Holland Aqua
BV) with 65 m? total volume (50 m?* fish-rearing
space, 10 m*® moving-bed biofilter), achieving 90-
95% water recirculation via airlift pumps, sludge
collection, and fine-bubble aeration supplying
1.0-1.6 kg Ox/hr; and (ii) a standard earthen pond
(30 x 10 x 1 m; 300 m?) fitted with predator
netting, inlet, outlet, and sludge depression.

Fish Stocking and Feeding

All-male sex-reversed Oreochromis niloticus
fingerlings (25 + 0.5 g; from Kamuthanga fish
farm, Machakos County) were stocked at 120
fish/m?* (FisHub) and 3 fish/m? (pond). Fish were
not fed on days 0-1; from day 2, feeding
commenced on 2 mm tilapia pellets (35% crude
protein) at 5% body weight per day, adjusted to
satiation based on water quality and fish response.
Fish were fed half of the daily rations the days
before and after sampling and were not fed on
sampling days to minimize stress on fish, since a
large sample size was collected in each sample.

Fish Sampling and Water Quality

Fish were batch-sampled (n = 300 per system) on
day 0 (TO), day 30 (T1), and day 60 (T2) and
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weighed on a calibrated scale (Dahongying ACS-
30). The sample size of 300 was an exact count in
each sampling, and this was strictly adhered to
across all three samples. Dissolved oxygen and
temperature  were measured twice daily
(Oxyguard meter). Ammonia, nitrite, and nitrate
were measured twice weekly. Ammonia was
measured using the Aquamerck test Kkit, while
nitrites and nitrates were measured using paper
strips. This was to emulate a typical farm setup,
where these test Kkits are relied on to determine
water quality. pH was measured twice weekly
with a digital pH meter.

Statistical Analysis

Differences in system productivity were assessed
using the Mann-Whitney U test (IBM SPSS
Statistics v26). The effect of water quality
parameters on production was determined using
multiple linear regression (a0 = 0.05 throughout).
Data are presented as mean + standard deviation

(SD).
Results and Discussion
Growth Performance and Productivity

Final mean weights were 159.05 + 5 g (FisHub)
and 75.75 + 5 g (pond) at day 60, equating to daily
growth rates of 2.2 and 0.84 g/day, respectively
(Table 1). Productivity differed significantly
between systems (p < 0.05): the FisHub yielded
13.3 kg/m? versus 0.8 kg/m? in the pond, a more
than 16-fold difference. Feed conversion ratios
were 1.0 (FisHub) and 2.1 (pond), indicating
substantially more efficient feed utilisation in the
RAS. The FCR of 1.0 in the FisHub indicates a
very high level of efficiency and is practically
very low compared to what is often seen in
conventional commercial aquaculture. However,
for this stage of fish growth, it is realistic. The
FisHub and the pond had fish survival rates of
98.5% and 89.1%, respectively. Taken together,
these results confirm that the FisHub RAS
sustains intensively stocked O. niloticus
populations productively in a cold highland
setting where conventional ponds fail to support
adequate growth.
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Table 1. Growth Performance and Production Metrics in the FisHub RAS and Earthen Pond over 60 Days

Parameter FisHub RAS Earthen Pond
Initial weight () 25.38+0.5 25.15+£0.5
Initial biomass (kg) 152.28 25.15
Weight at day 30 (g) 84.08 5 4931+5
Weight at day 60 (g) 159.05+5 75755
Biomass at day 60 (kg) 939.99+5 67495
Daily growth rate (g/day) 2.2 0.84
Productivity (kg/m?) 13.3 0.8
Feed consumed (kg) 872.5 97.8
FCR 1.0 2.1
Survival rate (%) 98.5 89.1

Water Quality and Productivity Determinants

Key physico-chemical parameters monitored
during the study are shown in Table 2. Multiple
linear regression analysis identified morning
dissolved oxygen (p < 0.05), morning temperature
(p < 0.05), and pH (p < 0.05) as significant
predictors of productivity (model: Production =
02 x 44.6 + Temperature x 10.6 — pH x 54.1 +
123.9; R* = 0.87), indicating that these three
parameters collectively explained 87% of the
variance in production outcomes.

In the earthen pond, morning oxygen averaged 2.1
mg/l, suppressing morning feeding, whereas the
FisHub averaged 4.7 mg/l, enabling feeding from
07:00 h. However, the principal driver of the
observed productivity  differential  was
temperature. The 9.16°C mean morning
temperature gap between systems (FisHub:
27.98°C; pond: 18.8°C) placed pond-reared fish
consistently below the physiological optimum for
O. niloticus growth (27-30°C; Xie et al., 2011).
Since tilapia are ectotherms, metabolic rate, feed
intake, digestive efficiency, and protein retention
are directly proportional to water temperature;
pond fish were therefore constrained to
maintenance metabolism with minimal scope for
net growth, explaining the low daily growth rate
(0.84 g/day) despite adequate feeding. At ~2,500
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m altitude, reduced atmospheric pressure further
limited the partial pressure of oxygen across the
gill lamellae, compounding the thermal constraint
(Jacobsen et al., 2003). The FisHub retained heat
generated by fish biomass and continuous
aeration, maintaining near-optimal temperatures
throughout the trial and enabling the substantially
higher growth rate of 2.2 g/day.

Ammonia levels exceeded 1mg/l in both systems
(FisHub: 1.26 mg/l; pond: 1.79 mg/l). However, at
the prevailing pH values (6.3-6.5), the majority of
total ammonia nitrogen existed as non-toxic
ammonium (NH4") rather than un-ionised
ammonia (Wurts, 2003). The nitrate level
recorded in the FisHub (411.1 mg/l) substantially
exceeded the chronic stress threshold for Nile
tilapia (~100 mg/l) and represents an important
limitation of the current system configuration,
indicating insufficient water exchange frequency
or denitrification capacity during the trial period.
This warrants attention in future system
optimisation, particularly for longer production
cycles. Nevertheless, neither ammonia nor nitrate
was identified as a significant predictor of
production over the 60-day trial duration in the
regression model, likely owing to the moderating
effect of pH on ammonia toxicity and the
relatively short exposure period.



Erick et al 2026

Sustainable Aquatic Research (2026) 5(2):206-210

Table 2. Mean Physico-chemical Water Quality Parameters in the FisHub RAS and Earthen Pond

Parameter FisHub RAS Earthen Pond
Dissolved O: in the morning (mg/l) 4.7 2.1
Dissolved O: in the evening (mg/1) 3.1 3.0
Temperature in the morning (°C) 27.98 18.8
Temperature in the evening (°C) 31.7 21.5
pH 6.5 6.3
Ammonia (mg/l) 1.26 1.79
Nitrate (mg/I) 4111 44.4

Practical Implications

The 16-fold difference in volumetric productivity
(13.3 vs 0.8 kg/m?®) and FCR of 1.0 indicates a
commercially viable production system in a
region previously considered unsuitable for tilapia
grow-out. Given Kenya's land constraints and
competition from other agricultural uses in
highland areas, high-density systems that
maximise output per unit area present a
compelling option for closing the national fish
supply deficit. A formal cost-benefit analysis is
recommended as the next step; however, the
efficiency indicators presented here, particularly
the FCR of 1.0 and 98.5% survival, are
encouraging for operational viability. Targeted
policy support for RAS adoption in cold highland
zones could meaningfully contribute to Kenya's
food security and rural income objectives.

Conclusions

Cold highland conditions in Kenya severely limit
tilapia production in conventional earthen ponds,
primarily through low water temperatures and
altitude-mediated oxygen constraints. A stand-
alone FisHub RAS overcame these limitations
through active thermal retention and oxygenation,
delivering more than 16-fold greater volumetric
productivity (13.3 vs. 0.8 kg/m?®), a feed
conversion ratio of 1.0, and 98.5% survival over
60 days. Morning dissolved oxygen, temperature,
and pH were the principal determinants of
production. These findings support stand-alone
RAS as a viable intensification strategy for
highland Kenya and point to economic feasibility
studies as the priority next step.
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