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Article Info ABSTRACT

Article type: Background and Obijectives: The El Nifio-Southern Oscillation (ENSO),
Full Length Research Paper  the primary ocean-atmosphere fluctuation in the Pacific Ocean, consists of
two phases: El Nifio (warm phase) and La Nifia (cold phase). These phases,
particularly when intense, can exert significant impacts on various
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Received: 08.17.2025 economic and environmental sectors. From an aquaculture perspective,
Revised: 09.06.2025 understanding the consequences of ENSO is critical, as climate variability
Accepted: 10.17.2025 associated with it directly affects aquatic production, animal health and the

overall sustainability of the aquaculture industry.
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Sustainable aquaculture

Results: El Nifio is associated with increased sea surface temperatures and
altered precipitation patterns, which may lead to reduced dissolved oxygen
and salinity changes. Such conditions can impose stress on cultured species
and even result in mortality. Moreover, this phenomenon can increase
disease outbreaks; for example, elevated water temperatures can accelerate
the growth and reproduction of pathogens while weakening the immune
system of aquatic organisms. El Nifio may also affect the production of
plankton and other natural food sources on which some cultured species
depend. In contrast, La Nifia, characterized by cooler sea surface temperatures
and shifts in trade winds, can also pose challenges and opportunities for
advancing aquaculture knowledge and practices. Changes in current
patterns and upwelling can influence nutrient distribution and food
availability for certain species, while storms and heavier rainfall in some
regions may damage aquaculture infrastructure and impair water quality.

Conclusion: Overall, ENSO fluctuations-both El Nifio and La Nifia
phases-can create substantial uncertainties for planning and operations
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in the aquaculture sector. Therefore, precise monitoring and the
implementation of adaptive strategies, including the selection of resilient
species, optimized farm management and the development of early
warning systems, are essential to mitigate negative impacts and ensure the
sustainability of aquaculture under ENSO-related climate variability.
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Table 1. Reported Direct and Indirect Impacts of ENSO-induced Atmospheric and Oceanic Changes on Aquaculture.
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Table 2. Adaptive Management and Adaptation Strategies to Ensure the Sustainability of the Aquaculture
Industry in the Face of Common Climate Change in Different Regions and at Different Levels. Adapted
from Hossain et al. (2025) (26).

Region

Strategies

Farm Level

Sector Level

National Level

South Asia

Southeast Asia

Middle East

North Africa

Sub-Saharan Africa

West Africa

North America

South America

Northern Europe

Western Europe

Australia

Water quality management,
species selection and family labor
engagement, diversification, and
physical infrastructure
improvement

Early harvesting, water quality
management, diversification, and
physical infrastructure
improvement

Water level management,
adoption of novel technology,
and species selection

Species selection, water level
management, water pumping,
and early harvesting

Early harvesting, adoption of
novel technology, and
diversification

Species selection, early
harvesting, family labor
engagement, and diversification

Adoption of novel technology,
physical infrastructure
improvement, and water quality
management

Adoption of novel technology,
species selection, and
infrastructure improvement

Water quality management,
species selection, and adoption of
novel technology

Species selection, infrastructure
improvement, and adoption of
novel technology

Infrastructure improvement,
species selection, and adoption of
novel technology

Local knowledge
transfer and continuous
monitoring

Information sharing

Information sharing

Continuous monitoring

Continuous monitoring
and information sharing

Continuous monitoring

Information sharing and
continuous monitoring

Local knowledge
transfer

Information sharing

Information sharing and
continuous monitoring

Information sharing

Early warning systems,
financial access,
subsidies, and insurance
facilities

Early warning systems,
training programs, and
insurance facilities

Training, insurance,
appropriate policy-
making, and monitoring

Financial access and
subsidies, coupled with
training

Financial access and
subsidies, alongside early
warning systems

Financial access and

subsidies, insurance,

and product market
development

Appropriate policy and
governance, training
arrangements, and early
warning systems

Practical training,
insurance, financial
access, and subsidies

Training and insurance

Early warning systems,
practical training, and
insurance

Training, insurance, and
financial access
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Figure 1. El Nifio Event. Examining EI Nifio conditions in the occurrence of sea surface temperature
(horizontal axis is longitude). Adapted from www.gfdl.noaa.gov.

JiS e GRIP A, Al Lol s oS sl
35 ENSO (00) 55 5 o Uil ilpl s 5 i
—OA lpr laess siSdilen oS > S Sl
ol WLzl 5 (5555 f\j;,r\jw);l:s\wg;
Ll il 5 Jseme sk G S L ety ool (0))
s Vs Larle Lo ol (e L)
<.Se1ul (Southern Oscillation Index: SOI)
el sl sy S psdl &S I s (0Y) 543 e
G S sy S ppx Ol ol
oy el shuss s ) S (0T 55 e
Nooen za 4z S|osyi e ENSO -l
Slns Bl iy Olg s 25l b S

sk qSOl Lf‘)j.g gi:»ﬂ:ua 3,0 54 P

£0

< gsdl syl Jla 3 &S o..».ajf slag el

C,..Gb N Pt ED) el U ):T ole )‘ T;Jw&
o3l (slos (pSle 55 plaggsleial 5 & i
Sy (VK8 55 S 6 80ka (£9) Lsd e
J'SJA)J 63[5«]:9 O rﬁ cb}&ya.l.&u;ﬂ ﬁ)b
23 s 4l SO sl el B3 G
Bid Coaw & 4y VA s 4 B3 5 J=
S p b s glaasls a5 Jb- 53 (S eSS
ol Kb Jime yor Gl ek s
Sl s ol Sosnsrl p s sladely
ol 4 Kl e g.j ol e QU f; Sols


http://www.gfdl.noaa.gov/
http://www.gfdl.noaa.gov/

V€40 4o ¢) o lowd (10 5,95 3L 3T 593 9 (5510 320 53 A i

o gy 45 258 SO GLdS S5 s el
53 s e 15 Sbess |y s, Obypl olde
G Sl i 5 e SRl b LY 5w 56 bl
Grl eSS H gy cwl Ses 0L
Lole pla My K5 o Olrpn Ll il Sl
PO RS P I R TPt t e
55 ENSO = 56wl ansls JLs a1y aslusl
Sl gl 1y s DU ) Gloys LIS o
SRl XS el sl be e,
&y ENSO Sulus 335 Sys 5 SOl jas
S 0 el S, Sl 5 et

el 5508 S5

2 s Lo e (5dD) o 8 gbaal sy b easiie
Oldiadils «(LSY) 5,0 56 5 (sdl) oS 56 55 o
o g |y o ENSO Ol ge 4 hulyu= 56 S
odkd wlol ENSO o a5 s i (08) Llos S
S O ol des 5o Sle gy me w
rbT ool el 53 SAOL 5 (s 5, VL)
Rl S53 ios sl e gl (Y IS) o
sadl o8 56 ol gl ENSO Ciliss (slasli
Gl » Ll o b pdaw glos I35l L
5 shosn sl 5y O CudS Olpl b
s ol oIS e B bl §aed
5 dslome O3Sl Al 4 e Ll o s

N\ NN TN

Pacific Walker

Circutation
; - JRp— =
= e 53 3, o
\ —— w. :
0 equator
v | | h | |
60 E 120°E 180" 120°W 60w

longitude

by> gl sles g 85 53 (LaNINa) LY 5 56 5 (EININO) g5 I p 5 50 AU Ll -y Ss
www.gfdl.noaa.gov ;i bl (cwl oldl i Jsb 25 ) goe)

Figure 2. Neutral Conditions. The impact of the warm phase of El Nifio and the cold phase of La Nifia on the
occurrence of sea surface temperature (the horizontal axis is longitude). Adapted from www.gfdl.noaa.gov.
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Figure 3. Sea Surface Temperature Anomalies. The orange curve shows the predicted sea surface temperature
anomalies between 5°N and 5°S. As can be seen, the temperature increase in the western Pacific is more
pronounced than in the eastern region (vertical axis: ASST: sea surface temperature anomalies).
Adapted from www.gfdl.noaa.gov.
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Figure 4. Lagging Effect of Strong EI Nifio on West Antarctic Ice Loss. Change in ice mass over West
Antarctica, observed by the GRACE satellite since 2003, with an estimated ice loss trend of approximately
206.3 gigatons per year. Years with a strong El Nifio (1.5 times the standard deviation) are shown in pink. The
Nifio3 index in DJF (bottom, color bar) and precipitation anomaly in West Antarctica during the months of
April to May (bottom, line). The pink bar overlaying the graph indicates a strong El Nifio with an anomaly
greater than 1.5 standard deviations. Adapted from www.gfdl.noaa.gov.
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Figure 5. Temporal Changes in Polar Ice Melt Anomaly Caused by EI Nifio. This graph shows the temporal
changes in polar ice melt anomaly caused by EI Nifio, both historically (black line) and in future predictions
based on three scenarios (red, blue, and orange lines). The initial periods in the future predictions that overlap
with the historical data are shown as dashed lines. The shaded area represents the inter-model spread, which
is estimated with a single standard deviation across the models. Adapted from www.gfdl.noaa.gov.
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