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1.0 Background  

Recent studies have shown that relocation of seaweed farms from shallow water to deeper water 

environments reduced the risk of’ ‘ice-ice’ syndrome on these seaweeds thus improving their 

growth rate and biomass (Msuya et al., 2014). However the studies have not been specific on the 

best culture technique for adoption in deep water environments. Recognizing the fact that seaweed 

biomass production could also be affected by other factors such as the wind patterns (Hurtado et 

al., 2001) and water quality (Msuya et al., 2014), the present study determined the growth rates of 

E. denticulatum and K. alvarezii cultured using two deep water culture techniques (floating raft 

(FR) and modified off-bottom (MB) in the southern coast of Kenya. The impact of these factors 

on farmed seaweeds was also investigated. The results from the study were critical in enhancing 

seaweed production strategies with a focus of formulating sustainable national seaweed policy in 

Kenya for greater economic growth 

2.0 Materials and methods 

2.1 Study sites 

The study was conducted for ten months in the intertidal areas near Kibuyuni (4.38S, 39.20E) and 

Mkwiro villages (4.40S, 39.23E) in the southern coast of Kenya. The two sites had been referenced 

as suitable seaweed faming sites (Wakibia et al 2006). The climate in the southern coast of Kenya 

is influenced by northeast monsoon (NEM) winds which blow from the northeast between 

December and March (kaskazi) and southeast monsoon (SEM) winds blowing from the southeast 

between May and October (kusi).The two seasons significantly affect the chemical and physical 

conditions of coastal waters (McClanahan, 1988).  

2.2 Materials, cultivation techniques and growth experiments 

The FR and MB techniques used were modified from those described by Lirasan and Twide (1993) 

with modifications.The FR technique consist a floating bamboo raft (4 x 5 m2) anchored to the 

bottom of a deep lagoon (5m at low tide) by a polypropylene rope (10 mm diameter) and a 100 kg 

weight.The MB technique consisted mangrove poles (6 cm diameter) and (7 m long) driven into 

the seabed, held upright at 6 m above ground. A metal ring was locked around the length of each 

pole at 20 cm above the seabed. On the uppermost part of the pole a small wooden block was 

nailed to the pole.These rings connect the polypropylene ropes from one pole to the other.Three-1 

Litre empty plastic bottles were attached to each of the stocked ropes to enhance buoyancy. 

Seedlings of both species were obtained from seaweed farms at Kibuyuni and Mkwiro. 5 similar 

ropes (6mm diameter and 5m long) were stocked with 25 seaweed cuttings of 50-80g seed densities 

using ‘tie-ties’ and 3 empty ropes were used as controls in each culture technique. A completely 

randomized design (CRD) was adopted to assign 13 stocked ropes in each of the 2 culture 

techniques at each site. After 30 days of culture the number of missing seaweed cuttings, ‘ice-ice’ 

syndrome, grazed and macro epiphyte infested thalli were visually counted in each monoline 
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before they were weighed using spring balance (Satorius Model, Germany). These numbers were 

computed as a percentage of the original number of cuttings on the entire rope. Young thalli from 

every harvest were used for the next growing cycle with experiments being repeated monthly from 

September 2015 to June 2016. The mean relative growth rate (RGR) expressed as percent increase 

in wet weight (wt) per day was calculated according to the formula by Wakibia et al., (2006): 

RGR = [(wt/wo)1/t –1] × 100 %, where, wo = average wet weight of seaweed cutting at day 

0; wt = average seaweed cutting wet wt at time t and t = time intervals (days).  

2.3 Plant tissue analysis 

After the final growth of seaweeds culture, 200 g of wet seaweed was measured, sun dried for one 

day, then oven dried at 40ºC to a constant weight for the determination of total nitrogen (N) and 

phosphorus (P) content. Procedures described by National Council for Air and Stream 

Improvement (NCASI) method TNTP-W10900 (NCASI, 2000) was used. 

2.4 Environmental parameters 

Air and water temperature were measured monthly by a clinic, max/min. thermometers and salinity 

by a refractometer (Atago model, Japan), water motion  by Plaster of Paris (POP) balls, Doty 1971, 

and water nitrate and phosphates by Parsons et al., (1984). 

2.5 Data analysis 

All data were analyzed using Microsoft Excel and Minitab 17 Statistical Software (2010). t- tests 

was used to determine significant differences in relative growth rates between species, sites and 

culture techniques. Pearson’s product-moment correlation, determined the relationships between 

relative growth rates of cultured E. denticulatum, K. alvarezii in the two culture techniques and 

environmental factors (P < 0.05). 

3.0 RESULTS  

Seasonal variability in RGRs emerged during 10 months in both techniques and sites. RGRs were 

in the range of 0.9 – 10.2 % d ̄ ¹ for E. denticulatim and 0.3 – 5.7 % d ̄ ¹ for K. alvarezii at Mkwiro 

and -0.2 – 7.3 % d ¯¹ for E. denticulatum and -1.7 – 4 % d ¯¹ for K. alvarezii at Kibuyuni. There 

was positive correlation of RGRs of both eucheumoids with diffusion factor and water nitrates and 

negative significant correlation with maximum water temperature, % plant loss, % ‘ice-ice’ 

syndrome, % epiphytic load and % plant loss. Percentage herbivory showed significant negative 

correlation only with RGR of K. alvarezii. No correlation was found between RGRs of both 

seaweeds with thallus N (%). Apart from the strong positive correlation found between RGR of E. 

deticulatum with diffusion factor all the other significant correlations were weak. There was no 

significant difference in diffusion factor between the two sites but biotic factors including % 

herbivory, % epiphytes and % ‘ice-ice’ syndrome were significantly higher at Kibuyuni than at 

Mkwiro (P < 0.05). 

CONCLUSIONS AND RECOMMENDATIONS 

Biotic factors including % herbivory, % epiphytes and % ‘ice-ice’ syndrome were presumed to 

have fundamentally influenced variation in RGRs between Mkwiro and Kibuyuni. The RGR of 

4.3 ± 0.4 % d ¯¹ by FR was significantly higher than 3.2 ± 0.4 % d ¯¹ by MB technique (P ˂ 0.05). 

Strong oceanic waves which were accompanied by loss of seaweed thalli in the MB technique at 

Mkwiro between April and June led to significantly higher RGR in the FR than in the MB (P ˂ 

0.05). The higher percentage herbivory, epiphyte and susceptibility to ‘ice-ice’ associated with K. 

alvarezii than E. denticulatum in both techniques led to the former having significantly lower 

RGRs than the latter. The RGR of 4.5 % d ˉ¹ and range of 0.3 - 9.2 % d ˉ ¹ observed in the FR and 

RGR of 3.2 % d ˉ ¹ and range of -1.7 - 10.7 % d ˉ ¹ observed in the MB techniques suggests that 

the two culture techniques are suitable for improving the growth rate of K. alvarezii and E. 



denticulatum in Kenya thus improving their biomass. Further research on the stability of MB in 

deep water and accessibility of FR techniques is recommended prior to commercial adoption.  


