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Abstract
A fixed off-bottom Kappaphycus striatus var. sacol farm was monitored for 12 months (June 2019 to May 2020) and the 
monthly incidence of disease and pests was recorded. Meteorological information in situ, from the nearest synoptic station 
and online data were collected to determine the relationships between temporal environmental changes and the incidence of 
seaweed health problems. The results showed that “ice-ice” disease (IID) was observed in dry months (i.e., from February 
to April 2020) and was significantly influenced by increased irradiance, salinity, sea surface temperature, and wind speed 
(p=0.004‒0.030). Also, the IID incidence was positively affected by reduced precipitation, storm surface run-off, water cur-
rent speed, and inorganic nutrient (nitrite and ammonia) levels (p=0.002‒0.019). In comparison, epiphytic filamentous algae 
(EFA) were observed in wet months (i.e., from September to December 2019), with incidence varying from low to very high 
(≤25–100%) as the culture progressed. EFA incidence was significantly influenced by reduced salinity and increased storm 
surface run-off and inorganic nutrient (nitrate and ammonia) levels (p=0.006‒0.040). An intense tropical cyclone struck the 
farming area in December 2019, resulting in partial die-offs of farmed seaweed. Such seaweed health problems are expected 
to become more prevalent in the coming years as weather disturbances brought about by changing weather patterns become 
more frequent and intense. Hence, mitigation and preventative approaches must be fully considered to sustain the industry’s 
growth while protecting the livelihoods of many coastal communities dependent on seaweed farming.

Keywords Climate change · Disease · Pest · Rhodophyta · Seaweed farming · Seaweed health problems

 * Joseph P. Faisan Jr. 
 jfaisan@seafdec.org.ph

 * Anicia Q. Hurtado 
 anicia.hurtado@gmail.com

1 Aquaculture Department, Southeast Asian Fisheries 
Development Center, 5021 Tigbauan, Iloilo, Philippines

2 Institute of Aquaculture, College of Fisheries and Ocean 
Sciences, University of the Philippines Visayas, 
5023 Miagao, Iloilo, Philippines

3 Institute of Marine Fisheries and Oceanology, 
College of Fisheries and Ocean Sciences, University 
of the Philippines Visayas, 5023 Miagao, Iloilo, Philippines

4 Center for Chemical Biology and Biotechnology, University 
of San Agustin, 5000 Iloilo City, Philippines

5 Division of Physical Sciences, College of Arts and Sciences, 
University of the Philippines Visayas, 5023 Miagao, Iloilo, 
Philippines

6 Scottish Association for Marine Science, Scottish Marine 
Institute, Dunbeg, Oban, Argyll PA37, UK

7 Helmholtz Institute for Functional Marine Biodiversity 
at the University of Oldenburg (HIFMB), Ammerländer 
Heerstrasse 231, 26129 Oldenburg, Germany

8 Alfred-Wegener-Institute, Helmholtz Center for Polar 
and Marine Research, Am Handelshafen 12, 
27570 Bremerhaven, Germany

9 Natural History Museum, Science, Cromwell Road, 
London SW7 5BD, UK

10 Centre for Environment, Fisheries and Aquaculture 
Science (Cefas), Weymouth Laboratory, Weymouth, 
Dorset DT4 8UB, UK

11 Biosciences, University of Exeter, Stocker Road, 
Exeter EX4 4QY, UK

http://crossmark.crossref.org/dialog/?doi=10.1007/s10811-024-03242-w&domain=pdf


2014 Journal of Applied Phycology (2024) 36:2013–2028

Introduction

Eucheumatoid (Kappaphycus and Eucheuma) red seaweed 
farming has been an important and expanding aquaculture 
industry from tropical to subtropical countries since the 
1970s (Sulu et al. 2004; Pickering 2006; Hurtado et al. 
2014; Msuya et al. 2014; Hayashi et al. 2017; Shanmugam 
et al. 2017; Alemañ et al. 2019). In Southeast Asia, where 
the majority of eucheumatoid seaweeds are produced, bio-
mass yields increased by almost 200% between 2010 and 
2019, with 5.95 million tonnes (Mt) wet weight and 11.60 
Mt, respectively (FAO 2021). In 2019, eucheumatoid red 
seaweeds constituted 33.5% of the world’s total seaweed 
production (Cai et al. 2021). The increase in the produc-
tion of these seaweeds can be attributed to the widespread 
economic demand for carrageenan, a hydrocolloid poly-
saccharide sought after for its many uses in the food, phar-
maceutical, cosmetics, and nutraceutical industries (Bixler 
and Porse 2011; Porse and Rudolph 2017).

However, seaweed health problems, particularly “ice-
ice” disease (IID) and epiphytic pests, significantly affect 
eucheumatoid seaweed farms. IID-infected seaweed shows 
depigmentation or whitening of the thallus and, in severe 
cases, necrosis, leading to the disintegration of the affected 
tissues from the culture line (Ward et al. 2020, 2022). The 
epiphytic pests observed on farms include macroepiphytes 
such as other seaweeds (i.e., Sargassum, Ulva, and Graci-
laria) and epiphytic filamentous algae (EFA) (Faisan 
et al. 2021). EFA are common epiphytic pests affecting 
farmed seaweeds and are mainly assigned to the red algal 
genus Melanothamnus (previously known as Neosipho-
nia) (Critchley et al. 2004; Hurtado et al. 2006; Vairap-
pan 2006; 2008). EFA tetraspores attach to the surface 
of host seaweeds and penetrate through the cortex to the 
medullary layers of the thallus, causing mechanical dam-
age to the host plant (Ask 1999; Vairappan 2006; Pang 
et al. 2011; Tsiresy et al. 2016; Ingle et al. 2018). EFA 

outbreaks on seaweed farms often result in decreased bio-
mass yield and compromised carrageenan quality (Hurtado 
et al. 2006; Vairappan et al. 2008; Ali et al. 2020).

The occurrence of disease and pests on eucheumatoid red 
seaweeds is often influenced by fluctuating environmental 
conditions (Hurtado and Critchley 2006; Msuya and Por-
ter 2014; Largo et al. 2017, 2020; Arasamuthu and Edward 
2018; Pang and Liu 2019). Changing environmental condi-
tions can greatly influence seaweed cultivation. Many of the 
farms are located near intertidal areas that are most vulner-
able to destruction during extreme weather events such as 
typhoons and storm surges. However, information about the 
changing environmental factors affecting eucheumatoid cul-
tivation on shallow water farms has yet to be fully explored. 
Here, we monitored a fixed off-bottom Kappaphycus striatus 
seaweed farm for one year (12 months), encompassing wet 
and dry seasons, and observed the incidence and severity of 
disease and epiphytic pests. We also collected temporal envi-
ronmental data in situ from online sources and the nearest 
climatological synoptic station to determine the interactive 
effects of this environmental information on the incidence of 
seaweed health problems. Moreover, as a result of this study 
we have made recommendations for reduction or potential 
mitigation strategies for the impact of fluctuating environ-
mental conditions on eucheumatoid farms, particularly in 
shallow water areas.

Materials and methods

Site selection

The experimental seaweed farm was chosen based on a prior 
survey among the different eucheumatoid farming areas in 
Panay Island and located in San Dionisio in northern Iloilo, 
Western Visayas, Philippines (11.2890 N°, 123.0930 E°) 
(Fig. 1). The farm site was located in an area where com-
mercial seaweed aquaculture is located, employing a fixed 

Fig. 1  Location of Kappaphy-
cus striatus farm using a fixed 
off-bottom culture method in 
San Dionisio, Iloilo, Western 
Visayas, Philippines (11.2890 
N°, 123.0930 E°). Photo 
showing farmed seaweed and a 
parallel ridge (uppermost right) 
to distinguish farm boundaries 
and ownership. Photo credits: 
Google Maps and JP Faisan, Jr
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off-bottom method with a minimal water depth of 20–30 cm 
during low tide, sandy-muddy substrate, and abundant sea-
grasses and seaweeds (Sargassum and Gracilaria) growing 
in the surrounding areas and protected from direct wind and 
strong tidal actions due to the presence of adjacent islands. 
No rivers are found in the neighboring area indicating that 
there is no direct effect on salinity fluctuations in the farm-
ing site except during wet seasons when rainfall could affect 
the salinity level.

The area of the farm was 500  m2 and separated from the 
other farms by a parallel ridge of stones and dead corals to 
distinguish the boundaries and ownership of other seaweed 
farms (i.e., with different farm operators/farmers), which 
also functioned as a breakwater, protecting the farmed sea-
weeds from strong wave actions and washing away.

Cultivation system

The seaweed species farmed was Kappaphycus striatus 
var. sacol. The culture method employed was the fixed off-
bottom method, which is the typical method of culturing 
seaweeds used in the near-shore area of the locality (CARE 
Philippines 2021). It is the simplest to construct with low 
investment capital and minimal skill requirements. The 
materials used were wooden stakes as anchors, flat binders 
or polyethylene ropes (PER#7) as culture lines, and plastic 
strips (i.e., soft plastic ‘tie-tie’) to tie the seaweed seedlings 
(Hurtado et al. 2014; Hayashi et al. 2017).

Farm management

The seedlings used in the study were taken from the same 
farm cultured in the previous cropping. Initially, ten 10 m 
long lines were planted with seaweed seedlings. A total of 50 
bunches of seedlings were planted per line (i.e., 5 seedlings 
 m-2  line-1). The mean weight of each seedling bunch planted 
was 25 g. Only those seedlings with no apparent signs of 
infection/infestation from disease or pests were used (i.e., 
healthy with smooth thalli). All the materials (i.e., polyethyl-
ene rope and soft plastic tie-tie) used in the experiment were 
newly purchased, except during the subsequent expansion 
(i.e., the addition of cultivation lines to increase the area), 
when the old planting materials were also used but were 
thoroughly washed in fresh water and dried completely in 
the sun for 3–4 days before use.

The seaweeds were cut or pruned following a lunar cycle 
(i.e., an interval of 30 days) by cutting the younger branches 
and leaving behind the older thallus tied on the culture line. 
The younger pruned branches (seedlings) were planted on 
new culture lines and the pruning process was repeated 
3‒4 times (~4 months) until the total area of 500  m2 of the 
farm was fully occupied (i.e., 100 lines). Once the area was 
fully planted, the earliest planted seaweeds were partially 

harvested, followed by the second earliest seaweed planted 
until all lines were harvested regularly at an interval of 45 
days. No external intervention (i.e., biosecurity protocol) 
was implemented during the study except for the regular 
manual cleaning of the seaweed lines (e.g., shaking of culti-
vation lines to remove attached debris and sediments), which 
is a common farming practice on farms.

Assessment of seaweed health status

Sampling activities were conducted twice a month (approxi-
mately every 15 calendar days) to assess the health status of 
the farmed K. striatus. A total of 14 seaweed plants were 
randomly collected monthly (seven per sampling activity) 
until the termination of the study. Visual assessments of sea-
weed health problems, including IID, EFA, the presence of 
entangled macroepiphytes, and grazing were conducted for 
each collected seaweed plant. For IID and EFA, seaweeds 
were assessed as “no abnormalities detected” ‒ no observed 
signs of disease or pests, and “visually diseased or EFA-
infested.” The incidence of seaweed health problems was 
calculated using a modified formula (Faisan et al. 2021):

The incidence levels of EFA and IID were then dif-
ferentiated into low (≤25%), moderate (26–50%), high 
(51–75%), and very high (76–100%) (Faisan et al. 2021). 
The observations of individual seaweed plants (the apical 
tissue, secondary branch, and primary branch) were classi-
fied according to severity cover (%) using a semiquantitative 
scale of 1–5 (1=1–10%, 2=11–25%, 3=26–50%, 4=51–75%, 
and 5=76–100%, respectively) (Borlongan et al. 2011). To 
obtain a per-plant severity score, the total score per region of 
tissue was divided by the number of seaweeds observed, and 
the severity cover was classified as low (≤25%), moderate 
(26–50%), high (51–75%), or very high (76–100%) (modi-
fied from Ateweberhan et al. 2015).

Monitoring of environmental parameters

In situ physico-chemical parameters, including salinity 
(psu) (digital refractometer MA886 sodium chloride refrac-
tometer, Milwaukee Instruments, Inc., USA), sea surface 
temperature (SST, °C) (hand-held thermometer), pH (pH 
meter PH-200 HM Digital, USA), and water current speed 
(m  s-1) (modified apparatus using a plastic floater and 5 m 
length polyethylene line), were measured thrice weekly 
(i.e., Monday, Wednesday and Friday). The water param-
eters were monitored once during high tide in the daytime 
(i.e., 6 AM‒4 PM). Additionally, environmental data from 
the nearest synoptic station (Roxas City, Capiz; 11.600265° 
N, 122.749621° E; elevation: 2.495 m) of the Philippine 

Incidence(%) =
number of affected seaweeds

total number of seaweeds assessed
× 100
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Atmospheric, Geophysical and Astronomical Services 
Administration (PAGASA), including the mean near-sur-
face air temperature  (Tair, °C) and wind speed (m  s-1), were 
collected daily. The information for collecting the environ-
mental data from the synoptic station was described by Vil-
lafuerte et al. (2021). The area in northern Panay Island, 
which covers the farm site and the nearest synoptic station 
locations, belongs to the same climate type, the Type III 
climate, wherein there is no very pronounced maximum 
rain period, with short dry months for two to three months 
(e.g., from December to February or from March to May) 
(http:// bagong. pagasa. dost. gov. ph/ infor mation/ clima te- 
phili ppines). Furthermore, daily irradiance (µmol photons 
 m-2  s-1), precipitation (mm), and storm surface run-off (kg 
 m-2s-1) data were taken from the online source Giovanni 
(https:// giova nni. gsfc. nasa. gov/ giova nni/), which covers 
the area of the farm in San Dionisio, Iloilo, Philippines 
(123.5°E, 11.5°N, 123.5°E, 11.5°N) (Table 1).

Inorganic nutrient determination

Inorganic nutrients (nitrite, nitrate, ammonia, and phos-
phate; ppm) were monitored twice a month (LaMotte test 
kits, USA). Triplicate seawater samples were randomly 

collected within the farm using 200 mL sterile polyeth-
ylene plastic bottles, and immediately stored in a cold 
container under dark conditions (i.e., with an ice pack) 
and processed immediately upon return to the Algal Pro-
duction Laboratory, SEAFDEC/AQD or stored directly 
in a freezer upon arrival and completely thawed before 
analysis.

Duration and limitations of the study

The K. striatus farm was monitored for one year (June 
2019 to May 2020), encompassing the rainy (June‒
November) and dry (December‒May) seasons in the Phil-
ippines (PAGASA, https:// www. pagasa. dost. gov. ph/ infor 
mation/ clima te- phili ppines). However, seaweed assess-
ment on farm was not performed, as the farm is mostly 
underwater or, if exposed during spring tides, occurred 
only in a limited time or during the night or early morn-
ing. In addition, due to COVID-19 travel restrictions, bi-
monthly farm visits and the collection of seaweed sam-
ples were not conducted in March and April 2020. Instead, 
visual observations by the farmer/owner were considered 
(i.e., disease and pest observations).

Table 1  Summary of meteorological and nutrient data taken from Kappaphycus striatus farm in San Dionisio, Iloilo, Western Visayas, Philip-
pines

Variable Data description Source

Irradiance Irra 10‒13-day area-average of daily solar irradiance at 380 nm 
(mW  m-2 converted to µmol photons  m-2  s-1)

OMUVBd (Giovanni)

Precipitation Prec 15-day area-average of daily accumulated precipitation (mm) GPM_31MERDE (Giovanni)
Storm surface run-off Rnoff 15-day area-average of daily storm surface run-off (kg  m-2  s-1) GLDAS (Giovanni)
Salinity Sal 6-day average of thrice weekly sampling for water salinity 

taken during high tide (psu)
This study

Sea surface temperature (SST) Temp 6-day average of thrice weekly sampling for water temperature 
taken during high tide (˚C)

This study

pH pH 6-day average of thrice weekly sampling for water pH taken 
during high tide

This study

Water current speed Vel 6-day average of thrice weekly sampling for water current 
speed (m  s-1) taken during high tide

This study

Inorganic phosphate Phos Twice monthly sampling taken during high tide, phosphate 
(ppm)

This study

Inorganic nitrite Nrite Twice monthly sampling taken during high tide, nitrite (ppm) This study
Inorganic nitrate Nrate Twice monthly sampling taken during high tide, nitrate (ppm) This study
Inorganic ammonia NH3 Twice monthly sampling taken during high tide, ammonia 

(ppm)
This study

Wind speed Wind 15-day area-average of daily mean wind speed (m  s-1) Nearest synoptic station (PAGASA)
Near-surface air temperature  (Tair) SurfT 15-day area-average of daily mean near-surface air temperature 

(˚C)
Nearest synoptic station (PAGASA)

“Ice-ice” disease IID Twice monthly observation of “ice-ice” disease- infected 
seaweed (incidence)

This study

Epiphytic filamentous algae EFA Twice monthly sampling of epiphytic filamentous algae-
infested seaweed (incidence)

This study

http://bagong.pagasa.dost.gov.ph/information/climate-philippines
http://bagong.pagasa.dost.gov.ph/information/climate-philippines
https://giovanni.gsfc.nasa.gov/giovanni/
https://www.pagasa.dost.gov.ph/information/climate-philippines
https://www.pagasa.dost.gov.ph/information/climate-philippines
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Statistical analysis

Mean values with standard error (mean±SE) were calcu-
lated for the seaweed health status (incidence and sever-
ity per individual) and the environmental parameters were 
computed as twice monthly data points (i.e., approximately 
every 15 days) for 12 months. The data were tested for 
normality and homogeneity using the Shapiro‒Wilk test. 
Bi-monthly data were first log-transformed and normalized 
using PRIMER7 to determine the relationship between the 
incidence of “ice-ice” disease (IID) and epiphytic filamen-
tous algae (EFA) and the environmental parameters col-
lected. Relationships between the 24 data sets generated 
using Euclidian distances were analyzed through constrained 
ordination by canonical analysis of principal coordinates 
(CAP) (Anderson and Robinson 2003). Additionally, a non-
parametric Mann‒Whitney U test was used to determine the 
relationship between environmental parameters in relation 
to IID and EFA incidence after the results showed non-nor-
mal and non-homogeneous data. Moreover, a contingency 

correlation coefficient analysis was conducted to determine 
the associations between the test variables. A correlation 
closer to +1 or -1 denotes a strong association. A signifi-
cance level of p ≤0.05 was used as the threshold for sig-
nificant differences. All the statistical tests were performed 
using SPSS ver. 23 (SPSS Inc., USA).

Results

Seaweed health problem observations

“Ice‑ice” disease (IID)

Healthy seaweed plants were defined as those with no 
abnormalities detected and with a smooth and even sur-
face on all thallus regions (Fig. 2a). IID-infected seaweeds 
exhibited bleaching and softening of the affected thallus 
regions and, in most cases, necrotic tissues (Fig. 2b). IID 
was first observed in February 2020 in this study, with a 

Fig. 2  Farmed Kappaphycus 
striatus var. sacol with (a) 
apparently healthy, (b) “ice-ice” 
diseased (IID) (circle), and (c) 
epiphytic filamentous algae 
(EFA)-infested thalli. Scale bar 
= 3 cm. Photos: JP Faisan, Jr
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low incidence (21.4±1.4%) (Table 2). The seaweed thalli, 
including the apex (16.7±8.3%), secondary (16.7±8.3%), 
and primary (8.0±8.3%) branches, were affected by IID but 
with low severity (≤25%) (Fig. 3). IID was also observed 
in March and April 2020; however, no seaweed assessment 
was conducted due to COVID-19 travel restrictions (R. 
Arbigoso, pers. comm.)

Epiphytic filamentous algae (EFA)

EFA-infested seaweeds were observed to have a distorted 
thallus surface, making them uneven and bumpy in appear-
ance and rough upon contact or touch (Fig. 2c). EFA were 
firmly attached to the host seaweed and emerged on the thal-
lus surface with bumpy mound-like or “goosebump” struc-
tures. The EFA incidence varied from low (≤25%) to very 
high (75‒100%) and was observed during the wet months, 
including September (0% and 42.9±20.2%), October (0% 
and 28.6±18.4%), November (100±0% and 100±0%), and 
December 2019 (100±0.0% and 42.9±20.2%) (Table 2). The 
severity of the EFA cover mainly increased between Septem-
ber and December (Fig. 3). EFA severity in the apical region 
(A) increased from 15.0±5.0% in September to 32.0±8.3% 
in December. While the secondary branch (SB) ranged 
from 3.3±3.3% in September to 19.0±9.4% in December. 
On the other hand, the severity in the primary branch (PB) 
increased from 0% in September to 15.7±4.8% in Novem-
ber but declined in December to 8.0±3.2%. Overall, the 
EFA severity was low (≤25%) in all regions of the thalli 
except for the apical area, with moderate severity (26–50%) 
observed in December 2019.

Macroepiphytes and grazing

Macroepiphytes, including Gracilaria sp. and Sargassum 
sp., were not present or found entangled on the farmed K. 
striatus during the sampling activities. However, these sea-
weeds were observed at the periphery of the farm site during 
the wet months (June to December 2019). Mechanical dam-
age to the thallus due to grazing by herbivorous fishes was 
also not observed (Table 2).

Results of monitoring of environmental parameters

Seaweed health observations in relation to temporal 
environmental parameters

Two independent analyses (canonical coordinate analysis, 
CCA, and the Mann-Whitney U test) were performed to 
determine the relationship or variability between the inci-
dence of seaweed health problems (i.e., IID and EFA) and 
environmental factors. IID was observed during the dry 
months between February and April 2020, and the variability Ta
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was positively affected by wind speed (75%), pH (61%), and 
inorganic phosphate (48%), ammonia (41%), and nitrite 
(36%). However, the variability was negatively affected by 
 Tair (-82%), irradiance (-55%), and inorganic nitrate (-55%) 
(CAP 1, 98.7%) (Fig. 4; Table 3). Further analysis revealed 
that an elevated irradiance level was found to significantly 
influence the incidence of IID on seaweeds (3.6±0.1 µmol 
photons  m-2  s-1) compared with no IID observance (3.2±0.1 
µmol photons  m-2  s-1) (U=82.0, p=0.012). Also, an increase 
in salinity was observed in months with IID (36.9±0.4 psu) 
compared with months without IID (34.0±0.9 psu) (U=77.5, 
p=0.030). In addition, a higher wind speed significantly 
influenced the incidence of IID (3.9±0.1 m  s-1) compared 
with no recorded IID (3.3±0.1 m  s-1) (U=80.5, p=0.015). 
Moreover, an elevated SST (30.0±0.3 °C) was observed in 
months with an increased incidence of IID compared with no 
observed IID (28.8±0.2 °C) (U=86.0, p=0.004). Decreases 
in precipitation, storm surface run-off, water current speed, 
and inorganic nutrients, including nitrite and ammonia, sig-
nificantly influenced the incidence of IID (p=0.002–0.019) 
(Table 4).

In contrast to IID, EFA was observed during the wet 
months, i.e., the northeast (NE) monsoon, which occurred 
between September and December 2019. EFA incidence 
variability was positively affected by precipitation (78%), 
storm surface run-off (73%), inorganic nitrate (50%), pH 
(31%), and water current speed (31%). However, the 
contribution to variability was negatively affected by 
irradiance (-55%) (CAP2, 93.6%) (Fig. 4; Table 3). A 
high storm surface run-off level was found to signifi-
cantly influence the EFA incidence (3.5E-05±1.3E-05 
kg  m-2s-1) compared with no EFA (1.2E-05±3.2E-06 kg 
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Fig. 3  Monthly severity cover (%) of “ice-ice” disease (IID) and epi-
phytic filamentous algae (EFA) observed in a fixed off-bottom Kap-
paphycus striatus farm from June 2019 to May 2020 affecting the 

apical (A), secondary branch (SB), and primary branch (PB) of the 
seaweed thalli (n=2‒14). Error bars signify ±SEM. (No seaweed col-
lection was conducted in March and April 2020)

Fig. 4  Canonical analysis of principal coordinates (CAP) based on 
environmental parameters. Overlay bubbles are EFA incidence (%). 
Months in red font indicate IID incidence. Irra= irradiance; Prec= 
precipitation; rnoff= storm surface run-off; Sal= salinity; temp= 
sea surface temperature (SST); pH= pH; vel= water current speed; 
Phos= inorganic phosphate; Nrite= inorganic nitrite; Nrate= inor-
ganic nitrate; NH3= inorganic ammonia; Wind= wind speed; SurfT= 
near-surface air temperature  (Tair)
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 m-2s-1), U=85.0, p=0.040. Also, elevated inorganic nutri-
ents, including nitrate and ammonia, were recorded in wet 
months with EFA incidence (Supplementary Fig. 1). Inor-
ganic nitrate was greater in the EFA‒recorded months 
(0.36±0.02 mg  L-1) than in those without EFA (0.25±0.03 
mg  L-1), U=92.5, p=0.007. Inorganic ammonia was more 
elevated during EFA (0.10±0.02 mg  L-1) than without 
EFA (0.03±0.01 mg  L-1), U=94.0, p=0.006. On the other 
hand, a decrease in salinity level significantly influenced 
the occurrence of EFA (31.5±2.0 psu) compared with 
no EFA observation (35.6±0.6 psu), U=18.0, p=0.015 
(Table 5).

Further analysis using the contingency correlation 
coefficient revealed a positive association between IID 
and salinity, SST, and wind speed (p= 0.012‒0.034). 
However, IID was negatively associated with precipi-
tation, storm surface run-off, and inorganic ammonia 
(p=0.012‒0.027) (Table 6 and 7). Moreover, the season 
(dry) correlated with the occurrence of IID (p=0.012). 
On the other hand, EFA was positively associated with 
inorganic nutrients, particularly nitrite and ammonia 
(p=0.002‒0.046) (Table 8 and 9).

Extreme weather disturbance observation

In late December 2019, an intense tropical cyclone (Typhoon 
Phanfone) hit the vicinity of the farming area (PAGASA 
2021), bringing torrential rainfall and freshwater flooding 
to the cultivation site from surface run-off (Supplementary 
Fig. 2). Also, strong winds and decreased salinity were 
observed (Supplementary Fig. 3) resulting in partial sea-
weed die-offs.

Discussion

Health and disease issues are key barriers to the sustainabil-
ity of aquaculture commodities, including seaweeds. These 
problems could be further exacerbated by changing climatic 
conditions. Among the major farmed red eucheumatoid car-
rageenophytes, K. striatus is the preferred seaweed species 
for cultivation in near-shore areas because of its wide tol-
erance to changes in environmental conditions (Pang et al. 
2015). Additionally, the farming of K. striatus in inter-
tidal areas is preferred because of its reported resistance to 

Table 3  Canonical coordinate scores of each parameter vector in relation to “ice-ice” disease (IID) and epiphytic filamentous algae (EFA) inci-
dence

Note: Irra= solar irradiance; Prec= precipitation; rnoff= storm surface run-off; Sal= salinity; temp= sea surface temperature (SST); pH= pH; 
vel= water current speed; Phos= inorganic phosphate; Nrite= inorganic nitrite; Nrate= inorganic nitrate; NH3= inorganic ammonia; Wind= 
wind speed; SurfT= near-surface air surface temperature  (Tair)

Irra Prec rnoff Sal temp pH Vel Phos Nrite Nrate NH3 Wind SurfT

CAP1 -0.55 -0.22 0.24 0.11 -0.23 0.61 0.27 0.48 0.36 -0.55 0.41 0.75 -0.82
CAP2 -0.55 0.78 0.73 -0.11 -.025 0.31 0.31 0.05 -0.17 0.50 0.19 -0.18 -0.03

Table 4  Relationship between 
the incidence of “ice-ice” 
disease (IID) and environmental 
parameters in a fixed off-
bottom K. striatus farm (mean 
±SE); *-denotes a significant 
relationship at p<0.05

Note: sea surface temperature (SST); near-surface air temperature  (Tair)

Parameter IID Mann-Whit-
ney U

p-value

0 (n=19) 1 (n=5)

Irradiance (µmol photons  m-2  s-1) 3.2±0.1 3.6±0.1 82.0 0.012*
Precipitation (mm) 5.6±0.9 0.5±0.3 7.0 0.002*
Storm surface run-off (kg  m-2s-1) 2.2E-5±5.1E-6 3.2E-6±1.9E-6 9.0 0.004*
Salinity (psu) 34.0±0.9 36.9±0.4 77.5 0.030*
SST (˚C) 28.8±0.2 30.0±0.3 86.0 0.004*
pH 8.0±0.1 8.1±0.2 56.0 0.581
Water current speed (m  s-1) 0.12±0.0 0.10±0.0 10.0 0.005*
Phosphate (mg  L-1) 0.06±0.01 0.08±0.01 61.5 0.331
Nitrite (mg  L-1) 0.11±0.01 0.05±0.01 12.0 0.009*
Nitrate (mg  L-1) 0.27±0.03 0.28±0.03 39.5 0.581
Ammonia (mg  L-1) 0.03±0.01 0.00±0.0 15.0 0.019*
Wind speed (m  s-1) 3.3±0.1 3.9±0.1 80.5 0.015*
Tair (˚C) 28.7±0.2 28.9±0.5 53.0 0.731



2021Journal of Applied Phycology (2024) 36:2013–2028 

epiphytic pests (Pang et al. 2015; Ali et al. 2020). However, 
the results of the present study revealed that fluctuations 
in key environmental parameters could be a predisposing 
factor for the occurrence of seaweed disease and pests, par-
ticularly “ice-ice” disease (IID) and epiphytic filamentous 
algae (EFA). Also, any extreme changes in environmental 
parameters outside the optimal culture conditions caused 
by severe weather events (i.e., typhoons) have detrimental 
consequences on seaweed crops.

IID was first observed at the study site in February 
2020 in a dry month, affecting all the thallus regions of the 

seaweed plant, albeit at a low severity (i.e., ≤ 25%), which 
may suggest that any part of the seaweed thallus could be 
susceptible to IID infection, and not limited to a particular 
thallus area. The IID observed in this study coincided with 
increasing salinity levels. The optimal salinity for eucheu-
matoid seaweeds ranges between 30 and 35 psu (Largo et al. 
1995), while in this study, the salinity during IID reached 37 
psu. A high salinity level could be attributed to a higher tem-
perature during dry months, exacerbated by high evaporation 
rates in shallow water areas. At the same time, the low pre-
cipitation levels observed during dry months (i.e., February 
and March 2020) might have contributed to the high salinity 
levels observed on the farm. Also, increased irradiance or 
solar radiation during the dry season may affect the salinity 
level in shallow water farms by increasing evaporation rates 
and exposing seaweeds to high air and water temperatures 

Table 5  Relationship between 
the incidence of epiphytic 
filamentous algae (EFA) and 
environmental parameters in a 
fixed off-bottom Kappaphycus 
striatus farm (mean ±SE); 
*-denotes a significant 
relationship at p<0.05

Note: sea surface temperature (SST); near-surface air temperature  (Tair)

Parameter EFA Mann-Whit-
ney U

p-value

0 (n=18) 1 (n=6)

Irradiance (µmol photons  m-2  s-1) 3.3±0.1 3.1±0.1 38.0 0.310
Precipitation (mm) 4.0±0.9 6.1±1.8 73.0 0.224
Storm surface run-off (kg  m-2s-1) 1.2E-05±3.2E-06 3.5E-05±1.3E-05 85.0 0.040*
Salinity (psu) 35.6±0.6 31.5±2.0 18.0 0.015*
SST (˚C) 29.2±0.2 28.6±0.2 32.0 0.156
pH 8.1±0.1 7.9±0.3 48.0 0.721
Water current speed (m  s-1) 0.11±0.0 0.12±0.0 74.0 0.199
Phosphate (mg  L-1) 0.06±0.01 0.07±0.02 64.5 0.494
Nitrite (mg  L-1) 0.09±0.02 0.11±0.01 81.0 0.077
Nitrate (mg  L-1) 0.25±0.03 0.36±0.02 92.5 0.007*
Ammonia (mg  L-1) 0.03±0.01 0.10±0.02 94.0 0.006*
Wind speed (m  s-1) 3.4±0.1 3.6±0.2 69.0 0.343
Tair (˚C) 28.8±0.2 28.6±0.2 45.0 0.581

Table 6  Correlation of “ice-ice” disease (IID) with selected envi-
ronmental factors in a fixed off-bottom Kappaphycus striatus farm. 
*-denotes a significant relationship at p<0.05

Note: sea surface temperature (SST); near-surface air temperature 
 (Tair)

Factor Contingency  
correlation coefficient

p-value

Irradiance (µmol photons  m-2  s-1) 0.29 0.132
Precipitation (mm) 0.46 0.012*
Storm surface run-off (kg  m-2s-1) 0.46 0.012*
Salinity (psu) 0.46 0.012*
SST (˚C) 0.49 0.012*
pH 0.29 0.132
Water current speed (m  s-1) 0.37 0.051
Phosphate (mg  L-1) 0.33 0.085
Nitrite (mg  L-1) 0.37 0.052
Nitrate (mg  L-1) 0.02 0.932
Ammonia (mg  L-1) 0.43 0.027*
Wind speed (m  s-1) 0.40 0.034*
Tair (˚C) 0.06 0.769
Season 0.46 0.012*

Table 7  Incidence of IID (in 
percent) between low and high 
values of environmental factors

Notes: 1. sea surface tempera-
ture (SST); near-surface air tem-
perature  (Tair)
2. The cut value for the 2 
groups is the median value of a 
particular environmental factor

Factor Low High

Precipitation (mm) 41.7 0.0
Storm surface run-

off (kg  m-2s-1)
41.7 0.0

Salinity (psu) 0.0 41.7
SST (˚C) 0.0 45.5
Ammonia (mg  L-1) 38.5 0.0
Wind speed (m  s-1) 0.0 35.7

Dry Wet
Season 41.7 0.0
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during low tide, leading to crop desiccation. Red seaweeds 
in near-shore areas are periodically exposed to a wide variety 
of stressful environmental conditions (Collén and David-
son 1999). However, extreme fluctuations in abiotic fac-
tors may disrupt the normal physiological mechanisms of 
seaweed resulting in health problems. High salinity, water 
temperature, and pH have been previously linked to the high 
prevalence of IID (Msuya and Porter 2014; Arasamuthu and 
Edward 2018; Alibon et al. 2019; Kumar et al. 2020).

Previous studies have suggested that IID is associated 
with different microbes, either singly or in complex, includ-
ing bacteria (Vibrio sp., Cytophaga-Flavobacterium com-
plex, Alteromonas, Pseudoalteromonas, and Aurantomonas) 
and fungi (Aspergillus ochraceus, A. terreus, and Phoma sp.) 
(Largo et al. 1995; Solis et al. 2010; Syafitri et al. 2017), 
although few studies have investigated the association of 
these taxa (or any other) with healthy eucheumatoid tis-
sue, resulting in a lack of baseline data (Ward et al. 2022). 
There is also a lack of studies related to other microbial 
taxa, including prokaryotes, protists, and viruses, and thus, 
the role of the seaweed holobiont in the development of IID 

disease signs has yet to be fully explored, with the possibil-
ity remaining that other microorganisms or combinations 
thereof could contribute to the incidence of IID.

Although it is not fully understood how microbial com-
plexes cause IID, it is possible that consortia of microor-
ganisms, particularly gram-negative bacteria (as mentioned 
above), have the ability to infect seaweed. Seaweeds have 
a natural defense mechanism against stressful conditions, 
which involves the release of volatile halogenated com-
pounds (VHCs). These VHCs help prevent infections from 
harmful organisms, as observed in Eucheuma denticula-
tum (Mtolera et al. 1996). However, gram-negative bacte-
ria have a distinctive component in their cell walls, known 
as lipopolysaccharide (LPS) (Anwar and Choi 2014). This 
component may aid in protecting the bacterial cell mem-
brane from being disrupted when exposed to VHCs. As a 
result, complexes of opportunistic gram-negative bacteria 
can infiltrate the protective barrier of seaweed, resulting in 
infections.

Outbreaks of epiphytism in farmed seaweeds have 
resulted in decreased biomass yields and stoppage in pro-
duction (Hurtado and Critchley 2006; Hurtado et al. 2006). 
In this study, EFA incidence was observed between Septem-
ber and December 2019, and EFA severity was highest in 
the apical thallus region and seemed to spread to different 
thallus regions as cultivation progressed. The toughness or 
maturity of the seaweed thallus may play a crucial role in the 
degree of EFA severity in farmed K. striatus. Compared to 
other thallus regions of the seaweed plant, the apical thallus 
region has softer tissues, possibly allowing the EFA spores 
to attach more easily and penetrate the epidermal layer. This 
observation parallels the study of Yamamoto et al. (2012) in 
Sargassum patens, which showed that the soft tissues of the 
apical thallus region are more susceptible to epiphyte coloni-
zation, further suggesting that the young thallus is the initial 
site of epiphyte infestation. As the seaweed plant grows, the 
attached EFA matures and releases more spores, possibly 
infecting the other thallus regions and contributing to the 
increasing severity in the primary and secondary branches. 
In the absence of biosecurity measures carried out on farms 
(i.e., collection, removal, and destruction of diseased plants), 
EFA-infested seaweed plants may accidentally be used as 
a source for new seedlings, thus inadvertently spreading 
the incidence of EFA on farms. Vegetative propagation for 
successive farm expansion may also indirectly contribute 
to the increased EFA observed on farmed seaweed. As the 
host seaweed grows, as does EFA, the infected apical thallus 
becomes mature and is used in farm expansion, contribut-
ing to the increasing severity of the other thallus regions. 
However, the detection of very early-stage infestations (i.e., 
before goosebumps are visible) and the transplantation of 
seemingly uninfected material into farms remain a major 
biosecurity challenge that need consideration.

Table 8  Correlation of epiphytic filamentous algae (EFA)with 
selected environmental factors in a fixed off-bottom Kappaphycus 
striatus farm. *-denotes a significant relationship at p<0.05

Note: sea surface temperature (SST); near-surface air temperature 
 (Tair)

Factor Contingency  
correlation coefficient

p-value

Irradiance (µmol photons  m-2  s-1) 0.19 0.346
Precipitation (mm) 0.19 0.346
Storm surface run-off (kg  m-2s-1) 0.36 0.059
Salinity (psu) 0.36 0.059
SST (˚C) 0.32 0.098
pH 0.00 1.00
Water current speed (m  s-1) 0.28 0.151
Phosphate (mg  L-1) 0.05 0.813
Nitrite (mg  L-1) 0.38 0.046*
Nitrate (mg  L-1) 0.28 0.151
Ammonia (mg  L-1) 0.53 0.002*
Wind speed (m  s-1) 0.28 0.151
Tair (˚C) 0.05 0.813
Season 0.19 0.346

Table 9  Incidence of IID (in 
percent) between low and high 
values of environmental factors

Note: The cut value for the 2 
groups is the median value of a 
particular environmental factor

Factor Low High

Nitrite (mg  L-1) 12.5 50.0
Ammonia (mg  L-1) 0.0 54.5
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EFA penetrates the cortical and medullary layers as they 
grow (Ask 1999; Leonardi et al. 2006; Vairappan 2006; 
Arasamuthu and Edward 2018; Pang et al. 2011; Tsiresy 
et al. 2016). Following maturation and death, the EFA leaves 
an opening, exposing the internal tissues of the host seaweed 
to the outside environment and increasing the susceptibility 
of the host to opportunistic microbial infection. The iden-
tification and succession of EFA species, specifically those 
affecting farmed K. striatus, has been lacking and warrants 
further investigation. This study did not aim to establish the 
onset of EFA spore infestation on farmed seaweed. EFA was 
first observed in September; however, the EFA spores might 
already be embedded in the seaweed epidermis seedlings 
used in the initial planting but not observed visually and 
might proliferate only once prevailing factors are conducive 
to growth. The integration of molecular tools into protocols 
for screening crop plants for the presence of epiphytic pests 
before outplanting or translocating seaweed seedlings should 
be considered a priority, as this could be a helpful biosecu-
rity measure for reducing the spread of EFA.

The incidence of other epiphytic pests, such as mac-
roepiphytes (i.e., other larger seaweed species, including 
Gracilaria and Sargassum), has not been directly observed 
to affect farmed K. striatus. These macroepiphytes could 
be easily disentangled or removed from farmed seaweed 
or from cultivation lines during constant tidal fluctuations 
in the near-shore areas. Nevertheless, these seaweeds were 
abundant near the study farm site during the wet months. 
The high incidence of EFA coincided with the seasonal 
vegetative growth peaks of Sargassum from October to 
December (Trono and Largo 2019) and the involvement of 
other aquatic plants (e.g., seagrasses, wild and other farmed 
seaweeds) as environmental reservoirs for epiphytic pests 
cannot be ruled out. Although the monitoring of epiphytic 
pests in the surrounding K. striatus farms was not conducted, 
it could be that those seaweeds harbor this seaweed health 
problem and transfer and infect the farmed seaweed aided 
by water movement. Additionally, grazing activities (i.e., 
by herbivorous fish and other animals) were not recorded 
on the farm. The farming site is located within the seaweed 
farming community, wherein plots of seaweed farms are on 
the periphery and along the coastal area; hence, the presence 
of grazers was not captured.

The first EFA in the present study was recorded in Sep-
tember 2019, coinciding with a decrease in pH (i.e., pH 
6.0). Kappaphycus alvarezii exposed to a lower pH at pH 
6.0 exhibited a reduced daily growth rate (Tee et al. 2015), 
suggesting that a decrease in pH may have negative conse-
quences on the overall physiological fitness of the seaweed 
plant, affecting its growth. Therefore, short- or long-term pH 
fluctuations may have a negative effect on seaweed health, 
suggesting increased susceptibility to epiphytic pest prob-
lems. No freshwater source (i.e., rivers) was found near 

the farming site that could affect the salinity and nutrient 
levels brought to the farm. However, lower salinity and an 
increase in inorganic nutrients were observed during the 
rainy months, suggesting that heavy rain could affect the 
salinity level and bring in excess nutrients from inland areas 
(i.e., fertilizers from crops). EFA incidence was significantly 
influenced by the increase in inorganic ammonia, further 
suggesting that inorganic nutrients provide nourishment for 
growth not only for farmed seaweed but also for other algal 
epiphytic pests such as EFA. The EFA incidence observed 
on the farm is in concordance with previous studies reported 
by Vairappan (2006) and Borlongan et al. (2011), where high 
epiphyte infestation emerges during rainy months.

The wet season in the Philippines typically experiences 
an increase in precipitation, coupled with the regular occur-
rence of tropical cyclones. Annually, an average of 20 tropi-
cal cyclones (typhoons) enter the Philippine area of responsi-
bility (PAR), and approximately eight to nine typhoons cross 
the Philippines (Cinco et al. 2016). In late December 2019, a 
typhoon struck the farming area, bringing torrential rain and 
flooding. A typhoon (with a maximum wind speed of 118 
to 220 km  h-1) can generate an excessively high amount of 
rainfall (i.e., 199.6 mm), strong winds (i.e., 8.0 m  s-1), and 
storm surges and reduced salinity (i.e., 11 psu) (PAGASA, 
https:// www. pagasa. dost. gov. ph/ clima te/ tropi cal- cyclo ne- 
infor mation). No significant physical damage was observed 
on the experimental farm itself. However, the exceptionally 
high rainfall in the locality resulted in heavy surface run-off 
from the inland area, inundating the coastal site where the 
farm is located and diluting seawater to a very low salinity 
level. Also, the physical impact of storm surges in shallow 
water areas where the farms are situated further contributes 
to physiological stress, a factor that compromises the overall 
health status of seaweeds. In addition, high organic nutrient 
loads from upland areas were transported to the farm site, 
making the seawater in the intertidal area turbid. Moreover, 
silts and dirt may cover farmed crops, preventing the optimal 
photosynthetic activity needed by seaweed for growth. The 
combination of extreme environmental events (including the 
influence of multiple abiotic stressors) that bombarded the 
farmed K. striatus seaweeds resulted in partial die-offs a few 
days later. An emergency harvest was then conducted imme-
diately to salvage the remaining seaweed (Supplementary 
Fig. 4). Seaweed die-offs on farms have reportedly affected 
production and livelihoods due to stoppage in cultivation 
(Msuya and Porter 2014).

Extreme weather events could be attributed to changing 
climate patterns. The strong tropical cyclone that affected 
the farming area in December 2019 was outside of the pro-
nounced two seasons observed in the Philippines, where 
the rainy season occurred from June to November and the 
dry season from December to May. Additionally, the occur-
rence of strong tropical cyclone was outside of the peak of 

https://www.pagasa.dost.gov.ph/climate/tropical-cyclone-information
https://www.pagasa.dost.gov.ph/climate/tropical-cyclone-information
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the typhoon season (July–October), when nearly 70% of 
all typhoons develop (PAGASA, https:// www. pagasa. dost. 
gov. ph/ infor mation/ clima te- phili ppines). A shift in weather 
conditions may negatively impact farming activities in 
the country. The changes in extreme rainfall in the Philip-
pines are linked to the global mean temperature and the El 
Niño Southern Oscillation (ENSO), and it is predicted that 
extreme rainfall will increase in the future, with increas-
ing global temperature (Villafuerte et al. 2015). In China, 
IID and EFA outbreaks on eucheumatoid farms are directly 
related to El Niño and La Niña environmental anomalies, 
together with ENSO data (Pang and Liu 2019). In Tanzania, 
the recorded extreme increase in sea surface temperature is 
correlated with a high incidence of IID and EFA, leading to 
seaweed die-offs, which are mainly located on shallow water 
farms (Msuya and Porter 2014; Largo et al. 2020). Disease 
and pest outbreaks remain a significant limiting factor in 
increasing seaweed production and expanding farming areas 
if there are no definite preventive or mitigation strategies to 
address the problem of changing environmental conditions.

The impacts of global warming on seaweed aquaculture 
in the tropics have yet to be fully assessed. However, the 
increasing frequency and strength of weather anomalies have 
become more apparent in recent years, increasing the vulner-
ability of farmed seaweeds to reduced health status (Largo 
et al. 2017). The direct and indirect impacts of global climate 
change result not only in physical damage to farm crops but 
also in the overall physiological fitness of seaweed. Accord-
ing to Garcia-Sotto et al. (2021), the rate of ocean surface 
warming in the last decade (2010‒2019) has accelerated 
to 4.5 times greater than the long-term mean. High ocean 
warming was recorded in 2020 (Cheng et al. 2021). At the 
same time, climate change is limited not only to increasing 
mean SSTs but also to variability and extremes (Alexander 
et al. 2018). An increase in sea surface temperature could be 
detrimental to many seaweed species, even in sub-tropical 
regions (Takao et al. 2015). K. striatus is predicted to lose 
habitat under increasing sea surface temperatures (Du et al. 
2023).

In the Philippines alone, more than 200,000 families 
are engaged in seaweed farming, and most of the farms 
are small-scale and family-owned, providing an alternative 
source of income to fishing to many rural coastal communi-
ties (Hurtado 2013; Pedrosa 2017). However, seaweed health 
problems, including outbreaks of disease and pests and poor 
weather conditions, have reportedly forced farmers in some 
areas to reduce cropping cycles (i.e., from six to four rounds) 
to avoid experiencing large-scale losses (Suyo et al. 2021). 
It was reported that the losses caused by these outbreaks 
reached $100 million a year in the Philippines (Cottier-Cook 
et al. 2016).

The use of seaweed-derived biostimulants (e.g., AMPEP) 
was found to promote growth and lessen the incidence of IID 

and epiphytic pests (e.g., macroalgae and EFA) in farmed 
seaweeds (Borlongan et al. 2011; Ali et al. 2020; Capacio 
et al. 2023). The lower incidence of these seaweed health 
problems could be attributed to the increased phenolic con-
tent, free-radical scavenging ability, and transition metal 
chelating ability of the seaweeds treated with this biostimu-
lant (Hurtado et al. 2012). Treating farmed K. striatus during 
the period when fluctuations in environmental parameters 
occur (i.e., the rainy season) and during known months 
where the incidence of IID and epiphytic pests are high 
could help mitigate these problems and prevent potential 
outbreaks from occurring.

As with other aquaculture commodities (e.g., fish, mol-
lusks, and crustaceans), farmed seaweeds are affected by 
health and disease issues, and a holistic approach should 
be considered to mitigate these problems. Stentiford et al. 
(2020, 2022) proposed adopting the One Health approach to 
increase the production of aquaculture species with efficient 
food production and sustainable environmental footprints 
— while supporting local socio-economic needs. Also, 
enhancing biosecurity measures could minimize seaweed 
health problems (Kambey et al. 2021; Ndawala et al. 2022). 
A recent report by Cottier-Cook et al. (2022) described a 
novel progressive pathway for improving seaweed biosecu-
rity that will lead to a low incidence of infectious disease 
and pest outbreaks, thus increasing productivity and seaweed 
yields. Policies to enhance biosecurity initiatives at the local 
and international levels should be properly implemented to 
safeguard the industry from risks related to farming practices 
and threats from seaweed disease and pest outbreaks (Camp-
bell et al. 2020; Mateo et al. 2020; Hurtado et al. 2021).

On the other hand, seaweed could help mitigate the effects 
of climate change (Sultana et al. 2022; Troell et al. 2022; 
UNDP 2023). Ross et al. (2023) presented four pathways: 1) 
protecting and restoring wild seaweed forests with potential 
climate change mitigation co-benefits; 2) expanding sustain-
able near-shore seaweed aquaculture with potential climate 
change mitigation co-benefits; 3) offsetting industrial  CO2 
emissions using seaweed products for emission abatement; 
and 4) sinking seaweed into the deep sea to sequester  CO2. 
However, these pathways to mitigate the effects of climate 
change are yet to be fully realized, and consensus efforts 
from different stakeholders are needed to implement such 
huge tasks.

Conclusion and Recommendations

Fluctuations in the environmental parameters of shallow 
water farms are potential risk factors for the incidence of 
seaweed health problems affecting the farmed species Kap-
paphycus striatus, particularly “ice-ice” disease (IID) and 
epiphytic filamentous algae (EFA) (Fig. 5). Additionally, 

https://www.pagasa.dost.gov.ph/information/climate-philippines
https://www.pagasa.dost.gov.ph/information/climate-philippines
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farms in shallow water areas are frequently more exposed 
to these environmental changes, making cultivated seaweed 
more prone to physiological stress, thus increasing sus-
ceptibility to disease and pest incidence. Extreme weather 
disturbances (in this case, a tropical cyclone) can lead to 
catastrophic damage on farms, resulting in massive seaweed 
die-offs and preventing farmers from earning profits due to 
the emergency harvesting of stocks with compromised yields 
and quality. This affects the cultivation for the next cropping 
season due to the unavailability of seaweed seedlings.

Disease and pest outbreaks are expected to become more 
pronounced and frequent as the shift in climatic conditions 
increases in amplitude, as has been the case in recent years. 
However, implementing changes in farming practices is 
likely a major challenge, particularly as the associated costs 
are perceived to be an added financial burden to farmers at 
a time when biomass yields are uncertain. Therefore, close 

coordination between farming communities/organizations, 
local and national government units, and research institu-
tions is critical for improving farming practices. The follow-
ing are mitigation and prevention

strategies to be considered in sustaining the seaweed 
industry under changing environmental conditions:

• Introduction of new seaweed strains that are resilient to 
a wide range of environmental fluctuations,

• Strict implementation of biosecurity measures from 
seedling sourcing to farming (to include procurement of 
disease-free seedlings from reputable sources, monitor-
ing and surveillance of seaweed health problems, and 
proper disposal of infected stocks),

• Proactive and timely seasonal weather forecasting, and
• Increased government support to farmers through low-

interest loans and crop insurance protection and by pro-
viding enhanced technical support during farming up to 
postharvest and marketing.

Supplementary Information The online version contains supplemen-
tary material available at https:// doi. org/ 10. 1007/ s10811- 024- 03242-w.

Acknowledgments The authors are grateful to Mr. Ronnie Arbigoso, 
owner and operator of the seaweed farm. Special thanks to Mr. Rolando 
Linihan, Mr. Edcel Jed Samson, and Ms. Hazel Coleen Gaya for their 
assistance during the sampling activities. We are grateful to Mr. Clark 
Daniel Macalde and Dr. Jon P. Altamirano for their help in providing 
the map photo and statistical analysis, respectively.

Authors’ contributions All authors contributed to the conceptualization 
of the study; JPF, RCS, JPM, MRJL, VMENF, and AQH implemented 
the study; JPF, JaB, DB, SR, GDS, JuB, GMW, VTB and AQH ana-
lyzed the data, including the preparation of tables and figures; and all 
authors reviewed the manuscript. AQH is the Philippine project leader 
and spearheaded all activities undertaken in the country.

Funding This study was supported by the United Kingdom Research 
and Innovation–Global Challenges Research Fund (UKRI-GCRF) 
“GlobalSeaweedSTAR” Programme (Grant No. BB/P027806/1) and 
implemented at SEAFDEC/AQD with a Study Code: FH-01-S2017T.

Data Availability The data supporting the study’s findings can be 
accessed from the corresponding author upon reasonable request.

Declarations 

Competing interests The authors have no known competing interests, 
whether financial or personal, that could have appeared to influence the 
findings reported in this paper.

References

Alemañ AE, Robledo D, Hayashi L (2019) Development of seaweed 
cultivation in Latin America: current trends and future prospects. 
Phycologia 58:462–471

Fig. 5  Schematic summary of relationship between environmen-
tal parameters and seaweed health problems affecting farmed Kap-
paphycus striatus in shallow waters. Arrow indicates an increase or 
decrease in environmental factors associated with increased incidence 
of “ice-ice” disease (IID) and epiphytic filamentous algae (EFA) 
(Mann-Whitney U, p≤0.05)

https://doi.org/10.1007/s10811-024-03242-w


2026 Journal of Applied Phycology (2024) 36:2013–2028

Alexander MA, Scott JD, Friedland KD, Mills KE, Nye JA, Pershing 
AJ, Thomas AC (2018) Projected sea surface temperatures over 
the 21st century: Changes in the mean, variability and extremes 
for large marine ecosystem regions of Northern Oceans. Elem 
Sci Anth 6:9

Ali MKM, Critchley AT, Hurtado AQ (2020) The impacts of AMPEP 
 K+ (Ascophyllum marine plant extract, enhanced with potas-
sium) on the growth rate, carrageenan quality, and percentage 
incidence of the damaging epiphyte Neosiphonia apiculata on 
four strains of the commercially important carrageenophyte 
Kappaphycus, as developed by micropropagation techniques. 
J Appl Phycol 32:1907–1916

Alibon RD, Gonzales JMP, Ordoyo AET, Echem RT (2019) Inci-
dence of ice-ice disease associated with Kappaphycus alvarezii 
in the seaweed farms in Zamboanga Peninsula, Mindanao, Phil-
ippines. SSR Inst Int J Life Sci 5:2148–2155

Anderson MJ, Robinson J (2003) Generalized discriminant analysis 
based on distances. Austr N Z J Stat 45:301–318

Arasamuthu A, Edward JKP (2018) Occurrence of ice-ice disease 
in seaweed Kappaphycus alvarezii at Gulf of Mannar and Palk 
Bay, Southeastern India. Indian J Geo Mar Sci 47:489–492

Ask EI (1999) Cottonii and spinosum cultivation handbook. FMC 
Food Ingredients Division, Philadelphia, p 52

Ateweberhan M, Rougier A, Rakotomahazo C (2015) Influence of 
environmental factors and farming technique on growth and 
health of farmed Kappaphycus alvarezii (cottonii) in south-west 
Madagascar. J Appl Phycol 27:923–934

Bixler H, Porse H (2011) A decade of change in the seaweed hydro-
colloids industry. J Appl Phycol 23:321–335

Borlongan IA, Tibubos KR, Yunque DAT, Hurtado AQ, Critchley 
AT (2011) Impact of AMPEP on the growth and occurrence 
of epiphytic Neosiphonia infestation on two varieties of com-
mercially cultivated Kappaphycus alvarezii grown at different 
depths in the Philippines. J Appl Phycol 23:615–621

Cai J, Lovatelli A, Aguilar-Manjarrez J, Cornish L, Dabbadie L, 
Desrochers A, Diffey S, Garrido Gamarro E, Geehan J, Hurtado 
A, Lucente D, Mair G, Miao W, Potin P, Przybyla C, Reantaso 
M, Roubach R, Tauati M, Yuan X (2021) Seaweeds and micro-
algae: an overview for unlocking their potential in global aqua-
culture development. FAO Fisheries and Aquaculture Circular 
No. 1229. FAO, Rome

Campbell I, Kambey CSB, Mateo JP, Rusekwa SB, Hurtado AQ, 
Msuya FE, Stentiford GD, Cottier-Cook EJ (2020) Biosecurity 
policy and legislation for the global seaweed aquaculture indus-
try. J Appl Phycol 32:2133–2146

Capacio IT, Paguergan PJ, Sesbreno S, Critchley AT, Hurtado AQ 
(2023) Growing micropropagated Kappaphycus alvarezii and 
mitigating ice-ice disease and the incidence of macro-epiphytes 
using an extract of the brown alga Ascophyllum nodosum at 
three different seeding techniques. J Appl Phycol. https:// doi. 
org/ 10. 1007/ s10811- 023- 03053-5

CARE Philippines (2021) Seaweed value chain in Iloilo: Typhoon 
Yolanda (Haiyan) reconstruction assistance in the Philippines. 
Retrieved from https:// care- phili ppines. org/ wp- conte nt/ uploa ds/ 
2021/ 08/ Seawe eds- VC- broch ure_ final_ revis ed. pdf. Accessed 29 
Jan

Cheng L, Abraham J, Trenberth KE et al (2021) Upper ocean tem-
peratures hit record high in 2020. Adv Atmos Sci 38:523–530

Cinco TA, de Guzman RG, Ortiz AMD, Delfino RJP, Lasco RD, 
Hilario FD, Juanillo EL, Barba R (2016) Observed trends and 
impacts of tropical cyclones in the Philippines. Int J Climatol 
36:4638–4650

Collen J, Mtolera M, Abrahamsson K, Semesi A, Pedersen M (1995) 
Farming and physiology of the red algae Eucheuma: growing 
commercial importance in East Africa. Ambio 24:497–501

Collén J, Davidson IR (1999) Stress tolerance and reactive oxygen 
metabolism in the intertidal red seaweeds Mastocarpus stellatus 
and Chondrus crispus. Plant Cell Environ 22:1143–1151

Cottier-Cook EJ, Nagabhatla N, Badis Y, Campbell M, Chopin T, Dai 
W, Fang J, He P, Hewitt C, Kim GH, Huo Y, Jiang Z, Kema G, 
Li X, Liu F, Liu H, Lu Q, Luo Q, Mao Y, Msuya FE, Rebours 
C, Shen H, Stentiford GD, Yarish C, Wu H, Yang Z, Zhang J, 
Zhou Y, Gachon CMM (2016) Safeguarding the future of the 
global seaweed aquaculture industry. United National University 
(INWEH) and Scottish Association for Marine Science Policy 
Brief. pp 1–12

Cottier-Cook EJ, Cabarubias JP, Brakel J, Brodie J, Buschmann AH, 
Campbell I, Critchley AT, Hewitt CL, Huang J, Hurtado AQ, 
Kambey CSB, Liu T, Mateo JP, Msuya FE, Qi Z, Shaxson L, 
Stentiford GD, Bondad-Reantaso M (2022) A new progressive 
management pathway for improving seaweed biosecurity. Nat 
Commun 13:7401

Critchley AT, Largo D, Wee W, Bleicher L’honneur G, Hurtado AQ, 
Schubert J (2004) A preliminary summary on Kappaphycus 
farming and the impact of epiphytes. Jpn J Phycol 52:231–232

Du YQ, Jueterbock A, Firdaus M, Hurtado AQ, Duan D (2023) Niche 
comparison and range shifts for two Kappaphycus species in the 
Indo-Pacific Ocean under climate change. Ecol Indic 154:110900

Faisan JP Jr, Luhan MRJ, Sibonga RC, Mateo JP, Ferriols VMEN, 
Brakel J, Ward GM, Ross S, Bass D, Stentiford GD, Brodie J, 
Hurtado AQ (2021) Preliminary survey of pests and diseases of 
eucheumatoid seaweed farms in the Philippines. J Appl Phycol 
33:2391–2405

FAO (2021) FAO Global fishery and aquaculture production statistics 
(FishStatJ). Retrieved from www. fao. org/ fishe ry/ stati stics/ softw 
are/ fishs tatj/ en. Accessed 9 June 2023

Garcia-Soto C, Cheng L, Caesar L, Schmidtko S, Jewett EB, Cheripka 
A, Rigor I, Caballero A, Chiba S, Báez JC, Zielinski T, Abraham 
JP (2021) An Overview of ocean climate change indicators: Sea 
surface temperature, ocean heat content, ocean pH, dissolved oxy-
gen concentration, Arctic sea ice extent, thickness and volume, sea 
level and strength of the AMOC (Atlantic Meridional Overturn-
ing Circulation). Front Mar Sci 8. https:// doi. org/ 10. 3389/ fmars. 
2021. 642372

Hayashi L, Reis RP, dos Santos AA, Castelar B, Robledo D, de Vega 
GB, Msuya FE, Eswaran K, Yasir SM, Ali MKM, Hurtado A 
(2017) The cultivation of Kappaphycus and Eucheuma in tropical 
and subtropical waters. In: Hurtado AQ, Critchley AT, Neish IC 
(eds) Tropical seaweed farming trends, problems and opportuni-
ties. Springer, Cham, pp 55–90

Hurtado AQ (2013) Social and economic dimensions of carrageenan 
seaweed farming in the Philippines. In: Valderrama D, Cai J, 
Hishamunda N, Ridler N (eds) Social and economic dimensions 
of carrageenan seaweed farming. Fish Aquaculture Tech Paper 
No. 580. FAO, Rome, pp 87–111

Hurtado AQ, Critchley AT (2006) Seaweed industry of the Philip-
pines and the problem of epiphytism in Kappaphycus farming. In: 
Siew-Moi P, Critchley AT, Ang PO Jr (eds) Advances on seaweed 
cultivation and utilization in Asia. University of Malaya Maritime 
Research Centre, Kuala Lumpur, pp 21–38

Hurtado AQ, Critchley AT, Trespoey A, Bleicher-Lhonneur G (2006) 
Occurrence of Polysiphonia epiphytes in Kappaphycus farms 
at Calaguas Is., Camarines Norte, Philippines. J Appl Phycol 
18:301–306

Hurtado AQ, Joe M, Sanares RC, Fan Prithiviraj B, Critchley AT 
(2012) Investigation of the application of Acadian marine plant 
extract powder (AMPEP) to enhance the growth, phenolic con-
tent, free radical scavenging, and iron chelating activities of Kap-
paphycus Doty (Solieriaceae, Gigartinales, Rhodophyta). J Appl 
Phycol 24:601–611

https://doi.org/10.1007/s10811-023-03053-5
https://doi.org/10.1007/s10811-023-03053-5
https://care-philippines.org/wp-content/uploads/2021/08/Seaweeds-VC-brochure_final_revised.pdf
https://care-philippines.org/wp-content/uploads/2021/08/Seaweeds-VC-brochure_final_revised.pdf
https://www.fao.org/fishery/statistics/software/fishstatj/en
https://www.fao.org/fishery/statistics/software/fishstatj/en
https://doi.org/10.3389/fmars.2021.642372
https://doi.org/10.3389/fmars.2021.642372


2027Journal of Applied Phycology (2024) 36:2013–2028 

Hurtado AQ, Gerung GS, Suhaimi Y, Critchley AT (2014) Cultiva-
tion of tropical red seaweeds in the BIMP-EAGA region. J Appl 
Phycol 26:707–718

Hurtado AQ, Ferriols VMEN, Luhan MRJ, Faisan JP Jr., Mateo JP, 
Sibonga RC, Suyo JGB (2021) Towards a robust and resilient 
seaweed aquaculture in the Philippines. GlobalSeaweedSTAR 
Programme Policy Brief No. 1, 8 pp

Ingle KN, Polikovsky M, Chemodanov A, Goldberg A (2018) Marine 
integrated pest management (MIPM) approach for sustainable 
seagriculture. Algal Res 29:223–232

Kambey CSB, Campbell I, Cottier-Cook EJ, Nor ARM, Kassim A, 
Sade A, Lim PE (2021) Seaweed aquaculture: a preliminary 
assessment of biosecurity measures for controlling the ice-ice 
syndrome and pest outbreaks of a Kappaphycus farm. J Appl 
Phycol 33:3179–3197

Kumar YN, Poong SW, Gachon C, Brodie J, Sade A, Lim PE (2020) 
Impact of elevated temperature on the physiological and biochem-
ical responses of Kappaphycus alvarezii (Rhodophyta). PLoS One 
15:e0239097

Largo DB, Fukami K, Nishijima T (1995) Occasional pathogenic 
bacteria promoting ice-ice disease in the carrageenan-produc-
ing red algae Kappaphycus alvarezii and Eucheuma denticu-
latum (Solieriaceae, Gigartinales, Rhodophyta). J Appl Phycol 
7:545–554

Largo DB, Chung IK, Phang SM, Gerung GS, Sondak CFA (2017) 
Impacts of climate change on Eucheuma-Kappaphycus farm-
ing. In: Hurtado A, Critchley A, Neish I (eds) Tropical seaweed 
farming trends, problems and opportunities. Springer, Cham, pp 
121–129

Largo DB, Msuya FE, Menezes A (2020) Understanding diseases and 
control in seaweed farming in Zanzibar. FAO Fisheries and Aqua-
culture Technical Paper No. 662. FAO, Rome, pp 1–64

Leonardi PI, Miravalles AB, Faugeron S, Flores V, Beltrán J, Correa 
JA (2006) Diversity, phenomenology and epidemiology of epi-
phytism in farmed Gracilaria chilensis (Rhodophyta) in northern 
Chile. Eur J Phycol 41:247–257

Anwar MA, Choi S (2014) Gram-negative marine bacteria: Structural 
features of lipopolysaccharides and their relevance for economi-
cally important diseases. Mar Drugs 12:2485–2514

Mateo JP, Campbell I, Cottier-Cook EJ, Luhan MRJ, Ferriols VMEN, 
Hurtado AQ (2020) Analysis of biosecurity-related policies gov-
erning the seaweed industry of the Philippines. J Appl Phycol 
32:2009–2022

Msuya FE, Porter M (2014) Impact of environmental changes on 
farmed seaweed and farmers: the case of Songo Song Island, 
Tanzania. J Appl Phycol 26:2135–2141

Msuya FE, Buriyo A, Omar I, Pascal B, Narrain K, Ravina JM, Mrabu 
E, Wakibia JG (2014) Cultivation and utilization of red seaweeds 
in the Western Indian Ocean (WIO) Region. J Appl Phycol 
26:699–705

Mtolera MS, Collen J, Pedersen M, Ekdahl A, Abrahamsson K, Sem-
esi AK (1996) Stress-induced production of volatile halogenated 
organic compounds in Eucheuma denticulatum (Rhodophyta) 
caused by elevated pH and high light intensities. Eur J Phycol 
31:89–95

Ndawala MA, Msuya FE, Cabarubias JP, Kambey CSB, Buriyo AS, 
Mvungi EF, Cottier-Cook EJ (2022) Effect of biosecurity practices 
and diseases on growth and carrageenan properties of Kappaphy-
cus alvarezii and Eucheuma denticulatum cultivated in Zanzibar, 
Tanzania. J Appl Phycol 34:3069–3085

Pang T, Liu Q (2019) ENSO and eucheumatoid algae cultivation in 
China. J Appl Phycol 31:1207–1212

Pang T, Liu J, Liu Q, Lin W (2011) Changes of photosynthetic behav-
iors in Kappaphycus alvarezii infected by epiphyte. Evid Based 
Complementary Altern Med 2011:658906

Pang T, Zhang L, Liu J, Li H, Li J (2015) Differences in photosynthetic 
behaviour of Kappaphycus alvarezii and Kappaphycus striatus 
during dehydration and rehydration. Mar Biol Res 11:765–772

Pedrosa AA (2017) A regional scientific meeting attaining sustain-
able development goals: Philippine fisheries and other aquatic 
resources 20/20. Current status of Philippine seaweed industry 
(Powerpoint presentation) https:// nast. ph/ index. php/ downl oads/ 
categ ory/ 108- day-1- march- 13- 2017? downl oad= 346:4- plena ry-2- 
mr- pedro sa- iii. Accessed 10 July 2023

Philippine Atmospheric, Geophysical and Astronomical Services 
Administration (PAGASA) (2021) 2019 Annual report on the 
Philippine tropical cyclones, Quezon City, Philippines, pp 159. 
Retrieved from https:// pubfi les. pagasa. dost. gov. ph/ pagas aweb/ 
files/ tamss/ weath er/ tcsum mary/ ARTC2 019_ web. pdf. Accessed 
10 Sept 2023

Philippine Atmospheric, Geophysical and Astronomical Services 
Administration (PAGASA). Retrieved from  https:// www. pagasa. 
dost. gov. ph/ infor mation/ clima te- phili ppines. Accessed 22 Oct 
2023

Pickering T (2006) Advances in seaweed aquaculture among Pacific 
island countries. J Appl Phycol 18:227–234

Porse H, Rudolph B (2017) The seaweed hydrocolloid industry: 2016 
updates, requirements, and outlook. J Appl Phycol 29:2187–2200

Ross WR, Boyd PW, Filbee-Dexter K, Watanabe K, Ortega A, Krause-
Jensen Lovelock C, Sondak CFA, Bach LT, Duarte CM, Serrano 
O, Beardall J, Tarbuck P, Macreadie PI (2023) Potential role 
of seaweeds in climate change mitigation. Sci Total Environ 
885:163699

Shanmugam M, Sivaram K, Rajeev E, Pahalawattaarachchi V, Chand-
raratne PN, Asoka JM, Seth A (2017) Successful establishment of 
commercial farming of carrageenophyte Kappaphycus alvarezii 
Doty (Doty) in Sri Lanka: Economics of farming and quality of 
dry seaweed. J Appl Phycol 29:3015–3027

Solis MJL, Draeger S, dela Cruz TEE (2010) Marine-derived fungi 
from Kappaphycus alvarezii and K. striatum as potential causative 
agents of ice-ice disease in farmed seaweeds. Bot Mar 53:587–594

Stentiford GD, Bateman IJ, Hinchliffe SJ, Bass D, Hartnell R, Santos 
EM, Devlin MJ, Feist SW, Taylor NGH, Verner-Jeffreys DW, van 
Aerle R, Peeler EJ, Higman WA, Smith L, Baines R, Behringer 
DC, Katsiadaki I, Froehlich HE, Tyler CR (2020) Sustainable 
aquaculture through the One health lens. Nat Food 1:468–474

Stentiford GD, Peeler EJ, Tyler CR, Bickley LK, Holt CC, Bass D, 
Turner AD, Baker-Austin C, Ellis T, Lowther JA, Posen PE, Bate-
man KS, Verner-Jeffreys DW, van Aerle R, Stone DM, Paley R, 
Trent A, Katsiadaki I, Higman WA, Maskrey BH, Devlin MJ, 
Lyons BP, Hartnell DM, Younger AD, Bersuader P, Warford L, 
Losada S, Clarke Hynes C, Dear A, Greenhill B, Huk M, Franks 
J, Dal-Molin, Hartnell RE (2022) A seafood risk tool for assessing 
and mitigating chemical and pathogen hazards in the aquaculture 
supply chain. Nat Food 3:169–178

Sultana F, Wahab MA, Nahiduzzaman M, Mohiuddin Md, Iqbal MZ, 
Shakil A, Mamun A, Khan MSR, Wong L, Asaduzzaman M 
(2022) Seaweed farming for food and nutritional security, climate 
change mitigation and adaptation, women empowerment. Aquac 
Fish 8:463–480

Sulu R, Kumar L, Hay C, Pickering T (2004) Kappaphycus seaweed 
in the Pacific: review of introductions and field testing proposed 
quarantine protocols. Secretariat of the Pacific Community, 
Noumea, pp 1–84

Suyo JGS, Le Masson V, Shaxson L, Luhan MRJ, Hurtado AQ (2021) 
Navigating risks and uncertainties: Risk perceptions and risk 
management strategies in the Philippine seaweed industry. Mar 
Policy 126:104408

Syafitri E, Prayitno SB, Ma’ruf WF, Radjasa OK, (2017) Genetic 
diversity of the causative agent of ice-ice disease of the seaweed 

https://nast.ph/index.php/downloads/category/108-day-1-march-13-2017?download=346:4-plenary-2-mr-pedrosa-iii
https://nast.ph/index.php/downloads/category/108-day-1-march-13-2017?download=346:4-plenary-2-mr-pedrosa-iii
https://nast.ph/index.php/downloads/category/108-day-1-march-13-2017?download=346:4-plenary-2-mr-pedrosa-iii
https://pubfiles.pagasa.dost.gov.ph/pagasaweb/files/tamss/weather/tcsummary/ARTC2019_web.pdf
https://pubfiles.pagasa.dost.gov.ph/pagasaweb/files/tamss/weather/tcsummary/ARTC2019_web.pdf
https://www.pagasa.dost.gov.ph/information/climate-philippines
https://www.pagasa.dost.gov.ph/information/climate-philippines


2028 Journal of Applied Phycology (2024) 36:2013–2028

Kappaphycus alvarezii from Karimunjawa Island, Indonesia. IOP 
Conf Ser: Earth and Environ Sci 55:012044

Takao S, Kumagai NH, Yamano H, Fujii M, Yamanaka Y (2015) Pro-
jecting the impacts of rising seawater temperatures on the distri-
bution of seaweeds around Japan under multiple climate change 
scenarios. Ecol Evol 5:213–223

Tee MZ, Yong YS, Rodrigues KF, Yong WTL (2015) Growth rate analy-
sis and protein identification of Kappaphycus alvarezii (Rhodophyta, 
Gigartinales) under pH induced stress culture. Aquac Rep 2:112–116

Troell M, Henriksson PJG, Buschmann AH, Chopin T, Quahe S (2022) 
Farming the ocean- seaweeds as a quick fix for the climate? Rev 
Fish Sci Aquac 31:285–295

Trono GC, Largo DB (2019) The seaweed resources of the Philippines. 
Bot Mar 62:483–498

Tsiresy G, Preux J, Latriva T, Dubois P, Lepoint G, Eeckhaut I (2016) 
Phenology of farmed seaweed Kappaphycus alvarezii infestation 
by the parasitic epiphyte Polysiphonia sp. in Madagascar. J Appl 
Phycol 28:2903–2914

United Nations Environment Programme (UNDP) (2023) Seaweed 
farming: Assessment on the potential of sustainable upscaling 
for climate, communities and the planet. Nairobi, pp 75

Vairappan CS (2006) Seasonal occurrences of epiphytic algae on the 
commercially cultivated red alga Kappaphycus alvarezii (Solier-
aceae, Gigartinales, Rhodophyta). J Appl Phycol 18:611–617

Vairappan CS, Chung CS, Hurtado AQ, Soya FE, Lhonneur GB, Critch-
ley A (2008) Distribution and symptoms of epiphyte infection in 
major carrageenophyte-producing farms. J Appl Phycol 20:477–483

Villafuerte MQ II, Matsumoto J, Kubota H (2015) Changes in extreme 
rainfall in the Philippines (1911–2010) linked to global mean tem-
perature and ENSO. Int J Climatol 35:2033–2044

Villafuerte MQ II, Lambrento JCR, Ison CMS, Vicente AAS, de Guz-
man RG, Juanillo EL (2021) ClimDatPh: An online platform for 
Philippine Climate Data Acquisition. Philipp J Sci 150:53–66

Ward GM, Faisan JP Jr, Cottier-Cook EJ, Gachon C, Hurtado AQ, 
Lim PE, Matoju I, Msuya FE, Bass D, Brodie J (2020) A review 
of reported seaweed diseases and pests in aquaculture in Asia. J 
World Aquacult Soc 51:815–828

Ward G, Kambey C, Faisan JP Jr, Tan PL, Daumich C, Matoju I, Sten-
tiford GD, Bass D, Lim PE, Brodie J, Poong SW (2022) Ice-ice 
disease: An environmentally and microbiologically driven syn-
drome in tropical seaweed aquaculture. Rev Aquac 14:414–439

Yamamoto K, Yoshikawa S, Ohki K, Kamiya M (2012) Unique distri-
bution of epiphytic Neosiphonia harveyi (Rhodomelaceae, Rho-
dophyta) along sargassacean hosts. Phycol Res 60:70–75

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds 
exclusive rights to this article under a publishing agreement with the 
author(s) or other rightsholder(s); author self-archiving of the accepted 
manuscript version of this article is solely governed by the terms of 
such publishing agreement and applicable law.


	Temporal variation in the incidence of seaweed health problems affecting farmed Kappaphycus striatus in relation to environmental conditions in shallow waters
	Abstract
	Introduction
	Materials and methods
	Site selection
	Cultivation system
	Farm management
	Assessment of seaweed health status
	Monitoring of environmental parameters
	Inorganic nutrient determination
	Duration and limitations of the study
	Statistical analysis

	Results
	Seaweed health problem observations
	“Ice-ice” disease (IID)

	Epiphytic filamentous algae (EFA)
	Macroepiphytes and grazing
	Results of monitoring of environmental parameters
	Seaweed health observations in relation to temporal environmental parameters

	Extreme weather disturbance observation

	Discussion
	Conclusion and Recommendations
	Acknowledgments 
	References


