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(SCG), improved extensive shrimp (IES) and intensive shrimp (IS) sys-
tems. A survey of 601 farmers in the Mekong Delta, Vietnam, was con-

Keywords ducted using clustered sampling. Intense rainfall events and rapid

changes in temperature affected all five surveyed farm systems. Extreme
Adaptation, climate change- high temperatures impacted the TC, IES and IS systems, while extreme
related risks, shrimp, low temperatures impacted the striped catfish groups (SCN and SCG).
striped catfish, tilapia, Striped catfish farming systems were more sensitive to low temperatures
farming in comparison to shrimp and tilapia. For risk management purposes,

increasing pond dike height was applied in the SCN and SCG farming
systems. While increased pond depth was observed in the SCN, SCG
and IS systems, the IS and SCN systems had higher counts of additional
pond construction. Water quality was monitored and feed supple-
ments/medicines were used by farmers in all five farm systems; how-
ever, these activities were higher for the SCN, SCG and IS systems than
for the TC and IES groups. Reduced stocking density was observed in
TC, SCN, SCG and IS, but not in IES. In addition, the use of aerators
or mixers was the most-employed solution in the IS system. Amongst
information sources of climate-related risks, television was found to be
the most important, followed by neighbouring farmers and the Depart-
ment of Fisheries (DOF). With regard to issues of high concern, the
price of marketable size fish, diseases and feed and fingerlings were
identified, as were the environmental parameters of rapid temperature
change and high and low temperatures.
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1. INTRODUCTION

Climate change results in increase the frequency of
droughts, hot weather, heavy rain, and highly varia-
ble rainfall patterns. Moreover, extreme weather
conditions will increase in high latitudes and may
decline in most subtropical regions (United States
Environmental Protection Agency [USEPA], 2012).
Drought and rising temperatures cause evaporation
that reduces the amount of freshwater in rivers and
bays, where it is affected by tides to increase salinity
in estuarine areas (USEPA, 2012). It is estimated
that by 2070, the rainfall in Vietnam will increase
0-5% in the dry season and 0-10% in the rainy sea-
son (United Nations Framework Convention on
Climate Change [UNFCCC], 2003). Specifically, in
the Mekong Delta (MD), rainfall will decrease 10—
20% during the early rainy season and increase at
the end of the rainy season (Tuan & Suppakorn,
2011). As global temperatures have increased by
0.74°C from 1906 to 2005 and are expected to in-
crease about 0.2°C per decade in the next 20 years
(Intergovernmental Panel on Climate Change
[IPCC], 2007), itis estimated that by 2050 and 2070,
the average temperature of coastal and inland of Vi-
etnam will increase by 1.1°C to 1.5°C and 1.8°C to
2.5°C, respectively (UNFCCC, 2003). In the MD,
the highest temperature in the dry season will in-
crease by 2°C (to 35-37°C) in the period 2030-2040
(Tuan & Suppakorn, 2011). In addition, it is pre-
dicted that sea level will increase by 33 cm and 1.0
m by 2050 and 2100, respectively (UNFCCC,
2003). Itis estimated that when the sea level rises up
40 cm, about 20 million people in Southeast Asia
will be affected by floods. Because most of the MD
area has a topography <2 m above sea level (Vi-
etnam National University, 2019), this area is most
affected by a rise in sea level (Nicholls, 2006). The
flooded area will increase towards the Ca Mau pen-
insula, and the risk for the occurrence and landing
of storms and tropical depressions will be higher by
the end of the year (Tuan & Suppakorn, 2011).

Vietnam's economy has ranked 27" in terms of vul-
nerability to climate change impacts on the fisheries
sector (Allison et al., 2009). In the MD, striped cat-
fish (Pangasianodon hypophthalmus) and brackish
shrimp (Penaeus monodon and Litopenaeus van-
namei) are key species that contribute significantly
to exported aquaculture production, and red tilapia
(Oreochromis sp.) is used for domestic consump-
tion. Together, owing to their positive economic im-
pact, these aquaculture systems are improving the
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living standards of local people. The culture areas
for striped catfish and red tilapia (cage culture)
stretches from the upstream provinces to the areas
adjacent to brackish water, while the area for shrimp
occupies a large portion of the coastal provinces.

In striped catfish farming, salinity intrusion had re-
duced the scale of farms located in the downstream
regions, and increased water salinity could in turn
increase operational costs because of the need to
have salinity-tolerant seed and prolong the culture
period (Anh et al., 2018). Farmers in the brackish
water aquaculture region (with black tiger shrimp
culture in intensive, improved extensive and rota-
tional rice — shrimp systems) had recognized more
clearly the impact of climate change and salinity in-
trusion than farmers in the freshwater aquaculture
region (with climbing perch, knife fish, snakeskin
and rice-fish farming systems) (Mai, 2017). Almost
all brackish water aquaculture farmers had thought
that by applying advanced technologies such as the
use of chemicals, aeration and water quality man-
agement, they could mitigate the negative impact of
climate change and salinity issues on their farms; in
contrast, farmers in the freshwater aquaculture re-
gion did not consider these issues at all. In Bangla-
desh, the vulnerability of aquaculture varies be-
tween different regions (inland and coastal) based
on differences in climatic exposure, sensitivity and
adaptive capacity of aquaculture farming (Islam et
al., 2019). In order to conduct a comprehensive as-
sessment of the issues mentioned above, this study
aimed to determine the current status of climate
change-related risks (CCRs) and their impact on
farming systems and farmers’ adaptive activities,
and consequently to provide information helpful to
mitigating negative impacts on aquaculture farming
systems in the MD, Vietnam.

2. METHODS
2.1. Data collection

An in-depth, structured questionnaire survey was
carried out from 25 January to 30 March 2018 with
601 farmers, using a clustered sampling method
based on the different provinces and farming sys-
tems. The culture systems chosen for the study in-
cluded striped catfish grow-out (SCG) (107), striped
catfish nursery (SCN) (97), tilapia cage culture (TC)
(198), intensive shrimp system (IS) (139) and im-
proved extensive shrimp system (IES) (60) (Table
1). Site numbers refer to locations in Figure 1.
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Table 1. The locations and sample sizes of surveyed farmers
Sample size [site code in Figure 1]

Province SCG SCN TC IS IES
An Giang 30[1, 2] 32[1, 2] 38 [3, 4]

Dong Thap 24 [5] 38 [6] 43 [6]

Can Tho 20 [7] 27 [7]

Vinh Long 15 [8] 40 [9]

Tien Giang 36 [10]

Ben Tre 41 [11] 40 [12]

Tra Vinh 10 [13]

Soc Trang 8 [14] 99 [14, 15, 16]

Bac Lieu 30 [17]
Ca Mau 30 [18]
Total 107 97 198 139 60

Figure 1. Location of sampling sites for in-depth survey in the MD, Vietham
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Table 2. Questionnaire option selections by farmers and codes

Variable

Interval/or nominal/or ranking
[coded value]

A. Background of farming systems

Interval/or nominal

No. of pond/or cage

Number

Size of pond/or cage

m%/or m®

Stocking density

Ind./m? of pond/or m® of cage

Yield

kg/ 1,000 m? of pond/or m® of cage

eFCR (economical feed conversion ratio)

Number

Gender

Farming experiences (year)
Source of water supply
Pond used for storage water

Male [1], Female [2]

1-5[1], 6-10[2], 11-15 [3], >15 [4]
Irrigation [1], river [2]

Yes [1], No [0]

B. CCR causes

Nominal

Floods or high flows, droughts or low flows, extreme
high temperature, extreme low temperature, rapid
changes in temperature, long periods with dense cloud
cover, intense rainfall events, storm surges

Yes [1], No [0]

C. Negative impacts of CCR causes on farming
systems

Nominal

High mortality of fish/shrimp, many fish escaped,
equipment damaged, low growth of fish/shrimp

Yes [1], No [0]

D. Issues concerning CCR causes related to the
profitability of farmers

Concerning ranking

Floods or high-flows, droughts or low-flows, extreme
high temperatures, extreme low temperatures, rapid
changes in temperature, long periods with dense cloud
cover, intense rainfall events, high wind storms

Not concerned at all [1], Slightly concerned [2],
Somewhat Concerned [3], Moderately con-
cerned [4], Very concerned [5]

E. Responses of farmers against CCR causes

Nominal

E.1. Modifying pond construction

Lined ponds to better retain water, increased height of
dikes, made pond deeper, dug an additional pond

Yes [1], No [0]

E.2. Techniques applied

Nominal

Monitored water quality, used aeration or mixers, har-
vested crop early, used feed supplements/medicines,
exchanged water, moved fish between sites

Yes [1], No [0]

E.3. Adjusted techniques in the upcoming season

Nominal

Prepared or repaired aerators or mixers, reduced stock-
ing density, stocked larger fingerlings, delayed stock-
ing for a month or more, stored additional water,
moved fish between sites

Yes [1], No [0]

F. Important information sources to adapt to
CCR causes

Importance ranking

Farmers, Department of Fisheries (DOF), officials
from local government, companies, group of farmers,
TV, Internet, radio, newspaper

Not at all important [1], Slightly important [2],
Somewhat important [3], Important [4], Very
important [5]

2.2. Data analysis

The collected data were entered into Excel, and an
exploratory activity was used to reject abnormal and
outlier data before carrying out the analysing proce-
dure. The different characteristics (importance and
frequency) amongst surveyed farming systems were
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compared using non-parametric analysis of variance
(ANOVA) (Kruskal-Wallis) and correlation (cross-

table, chi-square) and chi-square automatic interac-
tion detection (CHAID) methods (decision tree)

(p<0.05) using SPSS 22.0.
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3. RESULTS
3.1. Background information

In general, the five farming systems have differ-
ences in technical characteristics such as pond size,
stocking density, and yield because of the biological
characteristics of the cultured species. In each farm-
ing system, there is a wide range of variation in the
key technical characteristics due to different natural
conditions and intensification levels of the farms
(Table 3). All five farming systems have used hatch-
ery seed and commercial pellet feed. In addition, the
farmers of SCN also employed homemade feed as a
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supplementary diet for young fries at the beginning
of the nursing period. In the SCN, farmers used fries
to grow up fingerlings, with sizes of 30-50 finger-
lings/kg sold to grow-out farmers. In the IES, almost
all shrimp farmers did not administer feed to their
shrimp due to the plentiful amount of natural food
available in the water bodies. Meanwhile, the ma-
jority of shrimp farmers stocked PL1,—PLss, with a
culture period of 3-5 months. The TC farmers used
fingerlings at 25-50 fishes/kg for cage culture, and
after 5-7 months of culturing, fish were harvested at
sizes over 0.5 kg/fish.

Table 3. Major technical characteristics of the five farming systems

ltems TC SCG SCN IS IES
No. of pond 648 343 242 3+2 2+1
/or cage

i 2
Size of pond (m°) 149488 5.442+9.658 6.856+8.044 2.704+1.914 14.13249.710
/or cage (m°)

H H H 2

Stocking density (ind./m= of 4,5, 52444 8114347 58+43 1025
pond/or m® of cage)

H 2
:];ec')‘: C(:gé)l,ooo m* of pond/or 2 4715286 31.260£18.610 3.76048.880 1,970+5.720 110200
eFCR 1,8220,47 1,5500,36  1,2020,51  123:042  0,26:0,48

Mean + standard deviation; eFCR: economical feed conversion ratio

The five farming systems are operated mainly by
men who have more than 5 years of farming experi-
ence. Sources of water for ponds were mainly from
irrigation and the main river. However, these farm-
ing systems had a low percentage of storage pond
use: only 21.6% of IS farms, and not at all in TC or
SCG systems. The low percentage of storage ponds
for fish and shrimp culture resulted in a low capacity
of water exchange (with good water quality) in the
case of an emergency caused by CCRs or fish dis-
ease; thus, these farming systems are highly depend-
ent on the weather and environmental conditions in
river or irrigation systems. As shown in Figure 2,
there was a correlation between different farming
systems (TC, SCN, SCG, IS and IES) with regard to
gender, farmers’ experience and irrigation canal,
river and storage pond water use (p<0.05).

Farmer’s gender:. Farmer’s gender showed both
women and men functioning as owner and manage-
ment. However, men dominated women in all five
farming systems. The percentage of female owner-
ship of TC (20.7%) and 1S (27.3%) systems was
higher than that for SCN (8.2%), SCG (13.1%) and
IES (6.7%) systems (p<0.05).
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Farming experience: most farmers of the five farm-
ing systems had more than 5 years of experience.
Farmers with 6-10 years of experience were highest
inthe TC (42.4%) and SCN (37.1%) systems. In the
SCG farmer group, most (42.1%) had 11-15 years
of experience. In the IES and IS farmer groups,
farming experience of more than 15 years was
48.3% and 29.5%, respectively. This result shows
that shrimp farming has had a longer history than
striped catfish farming in the MD.

Irrigation system: many SCN farmers used fresh-
water from irrigation (63.9%) and river systems
(63.9%). However, the SCG (82.2%), IS (66.2%)
and IES (66.7%) systems used water from the river.
Most TC farms were located in the main flow of the
Mekong River; however, some TC farms had nurs-
ing ponds and used irrigation canals for their water
supply.

Pond used for storage water: a small percentage of
farmers engaged in the SCN, IS and IES groups used
water storage ponds to supply water into culture
ponds — 1.0%, 21.6% and 1.7%, respectively.
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Figure 2. Farmer’s background and water inlet characteristics

(Values are in percentages (%), Chi-square test for relationships of different farming systems (row) crossing with
farmer’s background parameters (column). Cross table — Chi-square. H/L: significant higher/lower expected percent-

age, p<0.05).
3.2. Impact of CCR on farming systems

Rainfall and temperature issues: intense rainfall
events (Yes answer for TC: 16.2%; SCN: 79.4%;
SCG: 48.6%; IES: 43.3%; and IS: 42.4%) and rapid
changes in temperature (Yes answer for TC: 18.2%;
SCN: 43.3%; SCG: 31.8%; IES: 36.7%; and IS:
38.1%) were the main three causes that affected the
five farming systems. Meanwhile, extreme high
temperatures greatly affected the TC (35.9%), IES
(31.7%) and IS (28.8%) systems; and extreme low
temperatures was a serious issue for the striped cat-
fish group (SCN: 54.6%; and SCG: 54.2%). Results
indicated that the striped catfish were more sensitive
to low temperatures compared to shrimp and tilapia.

Flood issue: floods or high flows caused more seri-
ous problems for the TC, SCN and SCG groups (af-
fected by flooding water from the Mekong River)
compared to the brackish water farming systems lo-
cated in the coastal areas (IES and IS). For farms
located in the Mekong River, low flows impacted
the TC system more than the SCN, SCG, IES and IS
systems. In the dry season, low flows result in shal-
low water in upstream provinces (e.g. An Giang and

Dong Thap provinces) and the risk of salinity intru-
sion into downstream provinces (e.g. Ben Tre and
Tra Vinh provinces).

Temperature issue: extreme high temperatures
were of greatest concern for the TC (cause of bacte-
rial disease occurrence) and IES (shallow pond) sys-
tems than for the other three remaining farming sys-
tems. Rapid changes in temperature and intense
rainfall events greatly affect the TC group because
this farming system is based in rivers with huge wa-
ter body volumes. Meanwhile, the SCN, SCG, IES,
and IS systems are more sensitive to intense rainfall
and temperature change due to a wide range of sa-
linity and temperature fluctuations.

Extreme low temperatures and long periods of
cloudiness impact the SCN and SCG systems the
most because such events lead to parasitic diseases
in striped catfish. Storm surges highly affect the TC
and IS groups, as they are typically located in large
rivers and coastal areas, respectively, which have
greater vulnerability to changing weather.
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Figure 3. Negative impact of CCRs in the five farming systems

(Values are in percentages (%), Chi-square test for relationships of different farming systems (row) crossing with
farmer’s background parameters (column). Cross table — Chi-square. H/L: significant higher/lower expected percent-

age, p<0.05)

Suffered production issue: the survey results
showed that due to the negative impact of CCRs, a
high percentage of farmers suffered losses such as
‘high mortality of fish/shrimp’ and ‘slow growth’ in
all five farming systems (>89.9% and >30.9%, re-
spectively), while other losses of ‘many fish es-
caped’ and ‘equipment damaged’ had low percent-
ages (<6.1% and <7.2%, respectively). Fish and
shrimp crop damaged by ‘high mortality of
fish/shrimp’ in the SCG, IS and IES groups had a
higher percentage (p<0.05) compared to that of the
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High mortality of fish/shrimp

Many fish escaped

TC and SCN groups. Losses attributable to ‘low
growth of fish/shrimp’ in the TC and SCN systems
were higher than in the other systems (p<0.05). Alt-
hough a low percentage of farmers answered that
‘many fish escaped’ in all farming systems, due to
tilapia cultured in cage and nursing ponds closed to
river inflow, the TC system had a high percentage
of losses of ‘many fish escaped’ compared to that of
the SCG, SCN, IS and IES systems (p<0.05) (Figure
4).
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Figure 4. Crop damaged by negative impact of CCRs in the five farming systems

(Values are in percentages (%), Chi-square test for relationships of different farming systems (row) crossing with
Sfarmer’s background parameters (column). Cross table — Chi-square. H/L: significant higher/lower expected percent-

age (p<0.05). N: no expected residue frequency)
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3.3. Impact of CCRs on the profitability of
farming systems

Results indicated that the concerned level differ-
ences of CCRs and other risks from the surrounding
environment was higher than 2.5 (ranked from 1: not
concerned at all, to 5: very concerned); effects on
the profit of farms are identified in Table 3. There
were no significant differences in levels of concern
to climate-related risk between the five culture sys-
tems (p>0.05). However, the highest concerned
score effect on the profit of the TC farm belonged to
‘extreme high temperatures’ (with suitable condi-
tions for the development of bacterial diseases), fol-
lowed by ‘extreme low temperature’ in SCG farms
(causing parasitic diseases). SCN farms had prob-
lems in ‘intense rainfall events’ (causing fluctuation
of water quality because of shallow water depth);

Vol. 13, No. 1 (2021): 24-38

eases). These CCR impacts may result in poor sur-
vival rates and vyield, and in higher costs for
fish/shrimp health management.

With regard to the other risks affecting the profit of
fish and shrimp farms, ‘spread of fish/shrimp dis-
eases’ was ranked at the highest level of concern,
but the difference was not found to be significant
(p<0.05). Meanwhile, ‘pollution from other activi-
ties’ was at the highest level of concern in SCPSCG
farms compared to the TC, IS, IES and SCG farms,
significantly (p<0.05); and ‘low dissolved oxygen’
was at the highest level of concern in the SCG and
IS farms compared to the TC, IES and SCN farms,
significantly (p<0.05). These differences are due to
the SCG and IS farms having high stocking densi-
ties, leading to higher risks of low dissolved oxygen
and water pollution compared to the TC, IES and

meanwhile, 1S and IES farms were affected by SCN systems

‘rapid changes in temperature’ (causing viral dis- (Table 4).

Table 4. Concerning levels of CCRs and other risks to the profitability of fish farm
Impact TC SCG IS IES SCN
CCRs
Floods or high-flows 2.9+1.1 32409  2.9+0.8 2.840.8 3.0£1.1
Droughts or low-flows 3.3+1.1 2.7£1.0 3.3+1.0 3.2+1.0 2.6£1.3
Extreme high temperatures 3.8+1.1 2.6x1.3 3.9+1.0 4.2+1.0 2.8£1.3
Extreme low temperatures 2.8+1.1 4.3+1.0 3.9+0.9 4.0+0.9 4.0=1.0
Rapid changes in temperature 3.4+1.1 3.9+0.9 4.2+0.8 4.4+0.6 4.0£0.6
Long periods with dense cloud cover 2.6:£0.9 3.3+1.0 3.1£0.9 3.3+0.8 3.7£0.9
Intense rainfall events 3.2+1.1 4.1£0.8 4.1£0.9 4.1£0.9 4.310.7
High wind storms 3.5£1.0  3.6+0.8  3.9+0.8 3.8+0.9 3.5+1.1
Other risks caused by CCRs or the surrounding environment
Spread of fish diseases 4.0£0.7  4.240.6  4.2+0.5 4.1+0.4 4.1+0.7
Pollution from other activities 3.440.9°  4.0+1.1°  3.5£1.0° 3.5£1.07 3.2+1.18
Low dissolved oxygen 2.8£1.0°  3.2+1.0° 3.2+0.8° 3.1+0.8® 2.8+1.12

Ranking value coded as 1: not concerned at all; 2: slightly concerned; 3: somewhat concerned; 4: concerned; 5: very
concerned (Mean#Std. dev.). Means with the same superscript letters represent non-significant difference, Kruskal-Wal-

lis test (p<0.05).

3.4. Responses of farmers to negative impacts
of CCRs

3.4.1. Enhancing pond construction

Enhancing pond construction is one of the main re-
sponses to reduce the negative impacts of CCR; the
percentage of farmers increasing pond dyke height
in the SCN and SCG systems is 11.3% and 24.3%,
respectively. In addition, increasing the depth of
ponds for the SCN, SCG and IS groups was 15.5%,
11.2% and 7.2%, respectively; and digging addi-
tional ponds by the IS farmer was 5.8%. Most TC
farmers showed no response in enhancing pond con-
struction due to the in-river location of fish cages

31

(although very few farms had fingerling nursing
ponds); the relationships between the responses of
farmers and farming systems (p<0.05) are shown in
Figure 5. Increasing the height of pond dykes in the
SCN and SCG systems was higher than that of other
farming systems (p<0.05), while increasing the wa-
ter depth of ponds/cages was the response of the
SCN, SCG and IS systems, which was of a higher
frequency compared to that of the TC and IES
groups (p<0.05). The IS and SCN systems had
higher percentages of digging additional ponds,
since they had stocked at higher densities compared
to the TC, SCG and IES systems (p<0.05)
(Figure 5).
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Figure 5. Response of farmers to CCR causes by enhancing pond construction

(Values are in percentages (%), Chi-square test for relationships of different farming systems (row) crossing with
farmer’s background parameters (column), cross table — Chi-square, H/L: significant higher/lower expected percent-
age, p<0.05). H/L: significant higher/lower expected frequency (p<0.05); N: no expected residue frequency)

3.4.2. Improving current farm management
practices

Immediately eliminating the negative impact of
CCRs: to maintain water quality in the face of CCR
impacts during fish/shrimp pond operation, farmers
had to act immediately to improve the health of the
fish/shrimp. Monitoring water quality and using
feed with supplements/medicines were the main re-
sponses of the farmers in the five farming systems.
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However, these measures were adopted in a partic-
ularly higher manner by the SCN, SCG and IS
groups than by the TC and IES groups (p<0.05).
Water exchange was another frequently imple-
mented measure, with a high frequency of use by the
SCN (43.3%), SCG (61.7%) and IES (27.1%) sys-
tems compared to the IS system (p<0.05). Farmers
of the IS system had the highest percentage (85.6%)
of using aerators or mixers to improve water quality
due to high stocking density (Figure 6).
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Exchanged water

Figure 6. Responses of farmers to immediately reduce CCR impacts

(Values are in percentages (%), Chi-square test for relationship of different farming systems (row) crossing with
farmer’s background parameters (column); cross table — Chi-square, H/L: significant higher/lower expected percent-
age, p<0.05). H/L: significant higher/lower expected frequency, p<0.05).
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3.4.3. Activities to reduce risks in the coming
seasons

With regard to upcoming responses, reducing stock-
ing density will be employed by farmers in four sys-
tems: TC (30.3%), SCN (60.8%), SCG (34.6%) and
IS (33.8%). In aquaculture, farms that apply a high
stocking density could cause poor water quality and
thus affect the health of fish and shrimp. For these
reasons, farmers in the four systems have to more
significantly engage in intensive actions to care for
fish/shrimp than the IES system would (0%)
(p<0.05). Around one-half (49.6%) of farmers in the

BTC O SCP @ SCN QIS BIES

No

Prepared or repaired  Reduced stocking

aerators or mixers density

Stocked larger
fingerlings
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IS system would employ aerators or mixers for
ponds, which is significantly greater than that of the
TC, SCN, SCG and IES systems (p<0.05). In par-
ticular, ‘prepared or repaired aerators or mixers’ and
‘reduced stocking density’ will be the solutions of
many farmers, especially in the IS system. Given the
percentages of response for the four groups (TC,
SCN, SCG and IS), the highest percentage of stock-
ing density reduction will be carried out by SCG and
SCN farmers, as they have been employing high
stocking densities when compared to the remaining
farm systems (Figure 7).
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Figure 7. Measurements of farmer responses to reduce CCR impacts in upcoming seasons

(Values are in percentages (%), Chi-square test for relationships of different farming systems (row) crossing with
farmer’s background parameters (column), cross table — Chi-square, H/L: significant higher/lower expected percent-
age, p<0.05). H/L: significant higher/lower expected frequency, p<0.05).

3.4.4. Relationship between farmer’s responses to
CCR impacts and farming systems

The immediate response of farmers to the negative
impacts of CCRs is water quality monitoring (‘mon-
itored water quality’ option selected). Weather con-
ditions affect fish and shrimp by creating unfavour-
able water quality parameters such as water temper-
ature, dissolved oxygen, pH and salinity fluctuation;
therefore, monitoring water quality is an important
immediate action taken by farmers in managing fish
and shrimp ponds. In general, many farmers
(47.6%) applied ‘monitored water quality’; of this
number, 32.6% did not think about ‘rapid changes
in temperatures’. In farmer groups that had thought
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about ‘rapid changes in temperature’, the frequency
of water quality monitoring differed amongst the
five farming systems. First, the relationship between
the five farming systems with regard to applying
‘monitored water quality’ is shown in Node 1 to 3,
4 and 5; data indicate that the SCN and SCG farmers
display a high percentage of applying water quality
monitoring (60.2%). Because SCN and SCG farm-
ers take river/canal water directly to the fish pond,
without a settlement/treatment pond (to improve
water quality of inlet water), and even though the
SCN and SCG groups employed daily water ex-
change, farmers still monitored water quality for
certainty. Meanwhile, the percentage for the IS
group was 36.0%, and it was 13.5% for both the TC
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and IES groups. Second (Node 3 to 8, 9), 80.3% of
SCN and SCG farmers who applied ‘exchange wa-
ter’ had higher percentages of water quality moni-
toring (80.3%) compared to that of the without ‘wa-
ter exchanged’ farmer group. Third (Node 4 to 10,
11, 12), in the TC and IES systems, farmers will em-
ploy ‘optimising the stocking density’ as their risk
management strategy. In this group, 33.9% of farm-
ers who considered adjusting stocking density in the
range of 2 (slightly important) to 3 (somewhat im-
portant) had ‘monitored water quality’, which is
higher than that of the remaining farmer groups. In
contrast, 80.7% of the farmers who considered rapid
changes in temperatures’ as one of the CCRs applied

i 524 315
I ®No | 1™ Yes 47.6 286
| ™ Yes | |
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‘water quality monitoring’ as a tool to reduce the
impact of CCRs, although there were no percentage
differences in applying water quality monitoring
amongst the five farming systems (Figure 8).

Figure 9 demonstrates that the immediate response
of ‘used aerators or mixers’ could be divided into 3
groups, in which almost all IS farmers used aerators
to improve the water quality of ponds (85.6%), fol-
lowed by SCN and IES farmers (7.0%) and SCG
farmers (1.3%) (Node 0 to 3, 1 and 2). The percent-
age of IS farmers will employ ‘repaired aerators or
mixers’ to reduce the negative impact of CCRs is
97.1% (Node 310 9).

Monitored water quality [Responses
of farmers agianst negative impacts
of CCRs]
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| Total  100.0 601

Rapid changes in temperature caused
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Figure 8. ‘Monitored water quality’ activities as an immediate response to CCRs
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Figure 9. ‘Used aerators or mixers’ activities as an immediate response to CCRs

3.5. Information sources and future activities to
eliminate CCRs

Important sources of information related to climate,
weather and water conditions ranked by farmers of
the five surveyed systems (TC, SCN, SCG, IES and
IS) are shown in Table 5. First, television (TV) re-
ceived the highest score as an information source,
both now and for upcoming seasons; of note, SCG
farmers thought that the information from TV was
very important. Second was the helpful information

from neighbouring farmers; TC farmers signifi-
cantly ranked this source as being of lowest im-
portance compared to SCN, SCG, IES and IS farm-
ers (p<0.05). Officials from the Department of Fish-
eries (DOF) were the third most important sources
of information, especially for SCG farmers. Almost
all sources of information were ranked at a low level
of importance by TC and IES farmers, which indi-
cates that the TC and IES farmers have no strong
relationships with the mentioned organisations dur-
ing their farming activities (Table 5).

Table 5. Important sources of CCR information expected by farmers

Information source TC SCN SCG IS IES
Other fish farmers 3.2+0.92 3.7+0.8° 3.6+1.1° 3.7+0.8° 3.6+0.9°
Officials from Department of Fisheries 2740728 2.9+0.9%  3240.8°  3.240.7°  2.6+0.6
Officials from local government 2.6£0.90  2.8+0.8%  2.9+09"  3.3+0.8° 2.8+£0.7%®
Agents from private companies 2.3£1.0°  23£1.1°  2.7£1.1¢ 24117 1.40.62
Bank or savings group 1.7+0.8 1.7+1.0 1.8+0.8 1.5+0.5 1.4+0.5
Television 3.8+1.12 3.8+1.02 4.1+1.1° 3.7+1.02 3.8+1.12
Internet 2241128 2.8+1.1°  28+1.3° 224112 1.9+1.12
Radio 1.741.00  2.6+1.1°  2.1+£1.0°  22+1.1°  2.1£0.9°
Magazines or newspapers 1.4+£0.7°  1.8+1.1°  1.6£0.9° 1.7+0.8°  1.6+0.6"

Ranking value coded as 1: not at all important; 2: slightly important; 3: somewhat important; 4: important; 5: very im-
portant (Mean#Std. dev.). Means in the same row with the same superscript letters represent non-significant difference,
Kruskal-Wallis test (p<0.05)).
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4. DISCUSSION

According to Mai et al. (2016a), almost all IES
farmers (92-99%) recognized the negative impact
of climate change on their farms. Meanwhile, for
snakeskin gourami (Trichogaster pectoralis), 59—
84% of farmers considered heavy rainfall and tem-
perature fluctuations as CCRs (Mai et al., 2016b).
Almost all farmers (90%) in rotational black tiger
shrimp rice farming were aware of the negative im-
pact of CCRs. The farmers' selected solution of
techniques (using medicines/and shifting cropping
calendar; 70.1-95.5%) was greater than the others
for dealing with changes related to the rainy season,
rainfall, low and high temperature, low and high sa-
linity, and low tide. To reduce the negative impact
of low salinity, shifting the cropping calendar re-
sulted in higher shrimp yields and net income (0.5
ton/ha/crop, 52.5 million VND/ha/crop) compared
to that of the other farmer groups (Mai et al., 2015).

In the IES farmer group, 70-90% of farmers had
used drugs and/or chemicals as technical solutions
to managing water quality and shrimp health; this is
the same as the technical solution of farmers in the
snakeskin gourami culture (Mai et al., 2016a). In
this study, the farmers have applied monitoring wa-
ter quality, the use of supplements/chemical drugs
and water exchange as important activities in all
farming systems. In addition, the IS system has a
high percentage of farmers employing aeration and
harvesting crops early. In the coming season, farm-
ers in these systems will choose the best solution for
reducing stocking density in order to adapt to CCRs
(except IES), while the IS model continues to em-
ploy ‘prepared or repaired aerations or mixers’
(33.8%), ‘delayed stocking time’ (12.2%) and
stored additional water (10.8%). In addition, farm-
ers also appreciated the solution to choose better
seeds and feed combined with working with other
groups of farmers to secure better responses to
CCRs. These current or upcoming responses of
farmers are technical solutions that are dependent on
technical skills/cost investments, and these expected
solutions may be cost consuming and thereby re-
duce the benefit of shrimp and fish farming. To
overcome the CCRs, the farmers need more assis-
tance from government/non-government agencies to
re-enforce farm construction and to improve adap-
tive technical skills. Also, the government should
release a CCR forecast for specific farming systems
and provide crop insurance to reduce the negative
impact of CCRs (Soto et al., 2018).
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Impacts of CCRs on aquaculture could be positive
or negative, arising from direct and indirect impacts
on water, land, seed, feed and energy. The negative
impacts of CCRs would not only affect productivity,
but also increase vulnerability to diseases and re-
duce net income to farmers (Food and Agriculture
Organization of United Nations [FAQ], 2008). In
the SCG system, farmers in the upstream and mid-
stream regions had larger scales of operation,
whereas salinity intrusion reduced the scale of
downstream farms. Also in the SCG system, an ad-
aptation strategy requires a greater investment in
better pond construction and having seed with salin-
ity-tolerant characteristics as well as a larger seed
size for grow-out farming systems (Anh et al.,
2018). According to FAO (2008), to respond to sa-
linity intrusion, farmers need to shift culture steno-
haline species upstream or introduce marine or eu-
ryhaline species. With regard to issues of water
stress and drought conditions, aquaculture farming
systems should focus on the efficacy of water usage,
low water consumption techniques and faster grow-
ing fish species. Moreover, advanced technologies
for aquaculture need to be developed, include ge-
netic improvements for more efficient feeding, in-
creasing species resistance to higher temperatures,
lower oxygen and pathogen-resistant seeds.

However, climate change may create new opportu-
nities to diversify more resilient aquaculture-based
livelihoods. In the coastal region of Bangladesh, wa-
terlogged croplands are being transformed into
crop—aquaculture systems for supplying food and
income during post-disaster periods. Additionally,
where rainfall can be erratic and with the flooding
of wetlands, cage culture has been proposed as a
means of producing fish during the dry season (Ba-
ranges et al., 2018). In Vietnam, salt-tolerant varie-
ties of rice and rice—fish cultivation can reduce vul-
nerability to sea level rise and storm surge damage
(Shelton, 2014). In the drought-prone regions of Af-
rica, integrated agri-aquaculture production systems
have been used to promote water-saving activities
(Crespi & Lovatelli, 2011). The introduction of
cage-cultured tilapia in reservoirs provides alterna-
tive livelihoods and employment opportunities in
Brazil to mitigate the negative impact of droughts
and erratic rainfall (Soto et al., 2018). According to
Soto et al. (2018), in the future, it may be difficult to
foresee the negative impacts of climate change on
aquaculture farming systems, but to mitigate the
negative impact of climate change, aquaculture
farming systems should be modified to reduce their
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sensitivity to such change, and measures to mini-
mise the exposures of these farming systems to cli-
mate change impacts should be increased.

5. CONCLUSIONS

Intense rainfall events and rapid changes in temper-
atures highly affect TC, SCN, SCG, IES, and IS
farming systems in the MD, Vietnam. Striped cat-
fish farming is more sensitive to low temperatures
compared to shrimp and tilapia. The percentage of
increased height of pond dykes as a response to CCR
impact in the SCN and SCG systems is higher com-
pared to the IS and IES systems. Increasing pond
depth, digging additional ponds, monitoring water
quality and using feed supplements/medicines are
commonly implemented responses in all five sys-
tems, but is noticeably greatest in intensive pond
systems (SCN, SCG and IS). Reducing stocking
density is also implemented in the TC, SCN, SCG
and IS systems.
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