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Abstract—Macroalgae (seaweed) can be cultured effectively for the production of useful algal
biomass and removal of nutrients from fishpond effluents. A land-based, tide/gravity-driven
flow-through, fish-macroalgae integrated system was studied at Makoba Bay, Zanzibar, Tanzania,
during May—October, 2000. Rectangular cages made of 1-inch mesh netting were constructed
in channels that received the outflows of the fishponds. Four species of macroalgae were planted
in the cages and compared for their usefulness as biofibasilaria crasssandUlva reticulata

grew at average rates of 1.5 and 1.2 %, respectively. Both species removed nitrogen as seaweed
protein at rates of up to 0.4 g Nfich The algal biomass produced was of good quality with
protein dry weight contents of 13% fGr. crassaand 26 % folJ. reticulata The biofilters also

raised the pH values of the fishpond effluents and oxygenated the water. In cordfasiziod
Gracilaria, species oEucheumandChaetomorphgerformed poorly in the fishpond effluents.

INTRODUCTION water from fishponds and cages has been a recent
venture. In Chile, Troell et al. (1997) studied the
Besides their other use as food, fertilisers and inintegration of cage culture of salmon and the red
the production of phycocolloids, macroalgae find macroalgaGracilaria chilensison ropes. The
application in the removal of nutrients from effluent authors extrapolated their results to show that each
waters of sewage, industry and mariculture hectare of alga cultivated close to finfish cages had
fishponds. the potential to remove at least 5 % of fish-excreted
Semi-intensive and intensive mariculture inorganic nitrogen. The integration of macroalgae
involves feeding fish by fertilisation of the ponds, with shellfish/crustaceans culture was also studied
either with live or formulated feeds. Fed by Qian etal. (1986) and Ni et al. (unpublished) in
aquaculture creates much pollution, as fish excreteChina. The treatment of land-based fishpond
60-70 % of the nitrogen they ingest in dissolved effluents using macroalgal biofilters has been
forms (Porter et al., 1987), which can cause studied mostly in Israel (Vandermeulen & Gordin,
eutrophication of the marine coastal environment 1990; Neori & Shpigel, 1999; Neori et al., 2000),
leading to harmful algal blooms. To avoid such where the authors obtained significant ammonia-
effects, mariculture effluent water should be nitrogen removals with re-aeration and restoration
recycled or treated before it is released back to theof the pH of the water. Trials on the culturing and
sea. use of macroalgae to filter nutrients from fishponds
The use of macroalgae as ‘biofilters’ of effluent in Tanzania, as reported by Mmochi et al. (1999)
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and Mwandya (2001), were not successful. Anothe
attempt to use macroalgae to treat wastewater if  Tumbatu Is.
Tanzania (although not from fishponds) was by ¢ o
Haglund and Lindstrom (1995) who used sewage
water to culture macroalgae under laboratory
conditions. The use of macroalgae biofilters for
the removal of nutrients in land-based mariculture
has been described as a cost-effective method ¢
removing nutrientdn situ (Vandermeulen &
Gordin, 1990).

The Institute of Marine Sciences (IMS),
Zanzibar, Tanzania, in collaboration with the |Zanzibar
National Centre for Mariculture (NCM), Eilat, < .
Israel, have been conducting a study on the use @
macroalgae to remove nutrients from an integrateq =
finfish-shellfish-macroalgae system at Makoba,| ¢
Zanzibar, for the past three years. During this
period, it has been difficult to grow macroalgae in
the integrated system due to environmental
problems. Trial experiments by Mmochi et al.
(1999) on macroalgae led to decomposition and
rotting followed by death of the algae, the main
cause of which was thought to be the substratum | m———————
This consisted of a ‘mangrove substratum’ formed
by mangrove trees that were buried at the site as &ig. 1. Map of Unguja Island, Zanzibar, showing the
result of a hurricane in the ®8entury. The  Study sites
resultant substratum has very fine sediment that is
re-suspended whenever water is allowed into theinto six fishponds of about 260%reach (Fig. 2).
ponds, and this settles on the algal fronds, hinderingSince the refilling of the reservoir depended on
growth. The sediment also contains somethe spring tides, it was only achieved twice per
microorganisms that may also settle on the algaemonth when the tidal height was large enough to
Apart from the twice daily water exchange, the enter the reservoir (at least 3.7 m above chart
macroalgae were planted in almost stagnant waterdatum).

The aim of this study was to use the water flow

regime used successfully in Eilat to culture Experimental design

macroalgae in fishpond effluent water at Makoba.

To our knowledge, except for the ongoing trials Macroalgae cages were installed in the fishpond
with abalone an@racilaria in South Africa (Alan ~ outflow channels (Fig. 2). Water was allowed to
Critchley, pers. commun.), this is the first study of flow continuously through the cultivated
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its kind in Africa. macroalgae cages and then to the sea. All
experimental procedures, with respect to stocking,
MATERIALS AND METHODS sampling and harvesting, were similar in all
experiments unless otherwise indicated.
Study site The green macroalgaéllva reticulataand

Chaetomorpha crassaand the redGracilaria
Experiments were conducted at Makoba Bay, oncrassawere collected from wild stocks at Chwaka
the northwest coast of Zanzibar, Tanzania (Fig. 1).Bay, whereas commercially farméilicheuma
Water trapped in a reservoir (40,000) rduring denticulatunmwas purchased from seaweed farmers
each high tide was later released through channelat Uroa and Matemwe (Fig. 1).
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Fig. 2. Sketch of the Makoba integrated system showing the layout of ponds and channels

The experimental material was sorted in the Growth rates of the macroalgae
laboratory to separate and clean the desired species
from other unwanted algae, seagrasses and debrig-our species of alga€haetomorpha crasséliva
The experimental material was then kept overnight reticulata,Eucheuma denticulatuemdGracilaria
in 300-litre plastic containers filled with seawater, crassawere planted in cages at the channels
at room temperature, and aerated until the nextdraining the fishponds (positions ‘A" and ‘B’ in
morning when it was transported to the Fig. 2), and in channels leading to the fishponds;
experimental siteEucheuma denticulatuwas, i.e., between the reservoir and fishponds as
however, kept on the floor in the laboratory and controls. Two-square-metre chamber cages
not in water as it is known to be affected by long- (referred here as ‘units’) were constructed using
term storage in stagnant water and especially in1-inch netting material and thin nylon ropes
containers (Msuya, 1996). Samples were taken forcommonly known as '‘tie tie’ (for seaweed
chemical analyses of the stocked biomass, in whichcultivation). Ulva reticulata Chaetomorpha
protein, carbohydrate, ash, phosphorus and fibrecrassaand Gracilaria crassawere planted into
contents were assessed. these units, at a stocking density of 3 k§/m

Two experiments were conducted: one on Eucheuma denticulatumas planted using 20-mm
growth and a second on the nutrient removal nylon ropes placed 20 cm apart. Eleven pieces of
capacity of the macroalgae. The experiments for Eucheumgabout 100 g each) were tied to each
each algal species required six weeks, and werefope using ‘tie tie’, as described by Msuya et al.
conducted from May to October, 2000. In the first (1996), about 10 cm apart. Sofedenticulatum
experiment, all four species were cultured in the units were installed at the intersection of two series
same period, whereas in the second experimentof fishponds (point ‘C’in Fig. 2), where effluent

each species was cultured six weeks after thewaters were thought to have the highest
previous one. concentrations of nutrients.
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This experiment was designed to establish Basic parameters
which of the four species would survive under suchOxygen concentration and temperature were
conditions before their abilities to remove nutrients measured with an oxygen meter (OxyGuard Handy
were evaluated. The units and ropes were cleaned/k IIl), water velocity using a mini current meter
and ‘weeded’ twice a week to remove other (Model SD-6000), the pH of the water with a pH
epiphytic algae which grow with the targeted meter (HlI 8424) and salinity with a hand
species and to remove any accumulated debris. refractometer (SPER 300011).

Nutrient biofiltration abilities of the RESULTS
macroalgae
In both fishpond outflow channels, water velocity
Six (2 nf) macroalgae units (three units in two averaged 8 cm/s. Ammonia-N concentration in the
replicates) were placed in a series at the outflowwater entering from the tidal water reservoir into
channels of the fishponds (Fig. 2). Two control the control seaweed units averagedM. In the
macroalgae units also placed in series were placegvater exiting these control units ammonia-N
within the channel from reservoir to the fishponds. concentration averagedpM, which rose to 7.7
UM in the fishpond outlets. However, variability
of these concentrations and of the concentrations
Sampling and analytical procedures in the water exiting the treatment seaweed units
was high and inconsistent, disallowing a rigorous

Algal yields use of these data for nutrient removal calculations.

Macroalgae were harvested once a week, squ_eezeguch calculations were, however, possible with the
(for Ulva) or shaken (for the rest of the species), Yield and Protein Content data

to remove excess water and their fresh weights

measured on a commercial scale. This was dongchemical composition of the stocked

by the same person and in the same way to ensurghacroalgae

consistency of the measurements. Growth rates

were calculated from biomass data according toThe culturing of the algae at Makoba fishponds
Lignell et al. (1987) and yields were calculated per generally resulted in improved quality of the algae.

unit area and time. Their protein and carbohydrate contents increased
and their ash content dropped (Table 1)Ulna
Nutrients reticulata, protein content increased, while the

Weekly water samples were taken in the morningother components either remained the same or
at 08:30 and in the afternoon at 14:00 hours anddropped slightly.

filtered in the field (glass microfibre filters, 25 mm) In Gracilaria, contents of protein, carbohydrate
using syringes. The samples were analysed forand fibre rose, while ash content dropped. Even in
dissolved inorganic nutrients (NHN, NO;-Nand  ChaetomorphaandEucheumawhich did poorly

PO,-P) as in Parsons et al. (1984). as biofilters, there were significant changes in
_ composition as a result of the culture in the tidal
Protein content of the macroalgae waters, including rises in protein and carbohydrate

Samples of the macroalgae, 150 g (fresh weight)contents and drops in ash content.
each, were taken from each unit to the laboratory,

where they were sorted and rinsed with fresh waterChemical composition of the cultured

The rinsed samples were oven-dried at 60 °C foralgae

24 hrs and then at 105 °C to constant weight. Dry

samples were packed in sealed plastic bags an®rotein content, which is considered the major

taken to the NCM in Eilat, for Kjeldahl organic indicator of the quality of the macroalgae biofilters

nitrogen analysis. (Neori et al., 2000), gave higher values in the treat-
ments than in the respective controls (Table 2).
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Table 1. Composition of macroalgae collected from wild stocks at Chwaka Bay and Matemwe, Zanzibar, Tanzania

Species Protein Carbohydrate Ash Phosphorus Fibre
Ingredient (% in dw) on stocking

Ulva reticulata 189 + 4.0 23.1+ 54 222+ 20 0.1 £ 0.0 37.7+ 3.6

Gracilariacrassa 114 = 2.3 282+ 3.1 377+ 36 0.1 £ 0.0 227+ 2.2

Chaetomorpha crassi0.1 + 1.0 134+ 43 39.7+ 6.9 0.1 £+ 0.0 35.7+ 4.2

Eucheuma 2.0 15.2 56.9 0.1 25.9

denticulatum

Ingredient (% in dw) at the end of the experiments

Ulva reticulata 257+ 1.7 21.1+ 20 18.3+ 0.6 0.1 £ 0.0 385+ 2.9
Gracilariacrassa 13.2 + 0.7 331+ 44 150+ 0.9 0.04% 0.0 38.7+ 2.9
Chaetomorpha crassk8.1 + 1.1 156+ 6.7 353+ 9.3 0.1 + 0.1 36.0+ 2.8
*Eucheuma 76 £ 0.3 235+ 44 466+ 6.9 0.04+ 0.0 223+ 3.8

denticulatum

*Material from control units.

Protein content in thelva fishpond effluents rose  a typical sign of stress—peroxide formation; the
by 5 % in 6 weeks, while it dropped slightly in the plants finally rotted and died. Epiphytes were found
controlUlva. In Gracilaria cultured in the fishpond  growing on the test algae, decreasing their growth
effluents, protein content rose by 4 % in 6 weeks, even further. Cross-contamination of the units was
while in the control units a rise of 2 % was observed betweedlva reticulataandGracilaria
measured. Protein content of macroalgae in thecrassa probably a result of very small pieces of
units placed in series at the fishpond effluents wasmaterial which remained even after careful sorting
slightly but repeatedly higher in the first unit (in nature the three species grow together in the
compared to those from the second and third unitsntertidal areas), or fouling. The pieces Bf

(data not shown). denticulaturrthat were cultured at the intersection
of the two series of ponds (C in Fig. 2) died after
Growth rate and yield 10 days. Those pieces Bf denticulatunplanted

in the fishpond effluent channels, just before their
Three of the four species of algae survived in thejntersection, survived until the fourth week.
outflow channels of the fishponds. The red alga  Gracilaria had the best daily growth rate of the
Eucheuma denticulatudid not survive. The alga  remaining three algal species, followed Hya and

started by lightening in colour during the first Chaetomorph4Table 2). All four species survived
week. White lesions were then observed at the tipsthe experimental period in the control units.

Table 2. Growth, yield, protein content and N removal rate by macroalgae at Makoba, Zanzibar, May—October
2000

Nitrogen
Growth rate Yield, fresh removal rates
(% per day) (g/rtid) Protein content (% of dw) (g NAd)*
Macroalgae After Treat- Cont-
species Treatment Control  Treatment Control |Initial 6 weeks  Control ment rol

Ulva reticulata 1.2+2.7 0.5+0.4 72+ 53 13%14 20.7+ 0.7 25.7+1.7 20.1+0.4 0.43 0.05
Gracilaria crassal.5+0.4 1.0+0.5 105+ 60 45%28 9.4+ 0.4 13.2+0.7 11.8+0.4 0.18 0.05

Chaetomorpha <0 <0 26+124 23+14 10.1+ 0.3 13.1+ 1.1 10.4+ 3.4 0.07 0.05
crassa
Eucheuma <0 3.0+ 0.6 + 18+ 8 2.0 A 7.6 +£0.3 * 0.025

denticulatum

*Calculated from yield and protein contetitNo material was left.
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The fresh yield obUlvain the fishpond outflow 10000
channels was 0.5 kg in the first 2 weeks (Fig. 3), --O-- Experimental units }
declined slightly and then rose again to above 1 kg ~ 9000~ —*~ Control units
during the final 2 weeks. In contrast, the yield in
the control units was low (Fig. 3iGracilaria = 8000
growth was steady, and was higher in the fishpond 20001
outflow channels than in the control channels (Fig.
4). Chaetomorphaon the other hand, did not 6000 -
produce an easily defineable pattern (Fig. 5).
Eucheumagrew during the first two weeks by 1 5000 ! ! ! ! ! !
kg, but lost weight by the fourth week (Fig. 6). o 1 2 We?éks 4 5 6
Biofiltration ability Fig. 4. Cumulative harvest ofGracilaria crassa(wet wt

+ SD), Makoba, Zanzibar, May 2000

Water column nutrient concentrations at Makoba

were 7.7+ 4.6 (ammonia-N), 1.2 1 (nitrate-N)
10000

and 0.7+ 0.4 (orthophosphate). However, as
mentioned above, these measurements gave
inconsistent results probably because of organic
matter breakdown processes in the sediment at the
bottoms of the different mariculture facilities. o 6000
Therefore, the nutrient removal rates presented

8000

| --O-- Experimental units
—&— Control units l

here are based on algal yield and its nitrogen 4000
content. The algae at Makoba removed significant
amounts of nitrogen. During the six-week 2000
experimentsPlva removed much more nitrogen 0

than eitheGracilaria or ChaetomorphdTable 2).
Areal removal (removal per unit area) rates ranged
from 0.43 g N/rifd byUlva down to 0.07 g N/iAd

by Chaetomorpha wt + SD),
10000 3000
--0-- Experimental units
8000 —®— Control units 2500
_____ o
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Fig. 3. Cumulative harvest ofUlva reticulata (wet wt +
SD), Makoba Zanzibar, May 2000

Weeks

Fig. 5. Cumulative harvest ofChaetomorpha crasséwet

Makoba, Zanzibar, May 2000

--O-- Experimental units
| —®— Control units

Weeks

Fig. 6. Cumulative harvest ofEucheuma denticulatum
(wet wt + SD), Makoba, May 2000
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Effect of seaweed on water quality mg/l (Fig. 8). Minimum dissolved oxygen
concentrations obtained were 3.1 and 5.3 fog/I
The macroalgae raised the pH of the fishpondfishpond and macroalgae outflows respectively
outflow water, from 7.% 0.16 at the outflow of  whereas the maximum concentrations were 6.4 and
the fishponds to 8.16 0.15 at the outflows of the 8.7 mg/Irespectively. In the control channels,
last macroalgae units (Fig. 7), with significant oxygen concentrations hovered around 6.8 mg/l
differences between fish and macroalgae (P <throughout the study period. Temperatures in the
0.001). In the control units, constant average pHfish and macroalgae outflow waters were similar
values of 8.13t 0.12 were measured. The (P > 0.05) at an average of 29 °C (Fig. 9) with
macroalgae also aerated the water, with significantminimum and maximum values at 27.3 and 29.6 °C

statistical differences between fishponds andfor fish and 27.1 and 29.5 °C for macroalgae ponds
macroalgae units (P < 0.001) in oxygen content.respectively.

From an average value of 4.6 mg/l at the outflows  Salinity of the water varied from 23-40 %o
of the fishponds, the oxygen concentration at the(Fig. 10), with higher fluctuations during June
outflow of the last macroalgae units rose to 7.2 when it was raining. Towards the end of July and

--e-- Fish effluent
8.4 —0— Algae effluent

7.4 | IS I I [ [ ) ) O A |
1 3 5 7 9 11 13 15 17
Weeks

Fig. 7. pH values & SD) at the fish-macroalgae
integrated system, Makoba, Zanzibar, May—October
2000
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Fig. 8. Dissolved oxygen concentratior5(SD) at the fish-
macroalgae integrated system, Makoba, Zanzibar, May—
October 2000

in August, salinity was stable, at 35 %o.
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Fig. 9. Temperature values £ SD) at the fish-
macroalgae integrated system, Makoba, Zanzibar,
May-October 2000
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integrated system, Makoba, Zanzibar, May—August
2000
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DISCUSSION result of intolerance to salinity or mineral contents
in the water, observations that were also reported
Chemical composition from the Philippines and Malaysia (Doty, 1986).

In China, however, Qian et al. (1996) integrated

CulturedUlvaandGracilaria can be rich in protein  the culture ofKappaphycugformerly placed in
and so can be a good food source for shellfish,the genugucheumpand oyster and obtained good
such as abalone (Neori et al., 2000) or as angrowth rates for both the macroalga and the oyster.
ingredient in fish feed as used at the Makoba From our results wittEucheumahat were
integrated system (Mmochi et al., 1999). The planted at the intersection of the two pond series
macroalga&Chaetomorphas also rich in protein  (j.e. the algae that died after 10 days), it is possible
butEucheumédas low protein conterEucheuma  that the algae obtained relatively higher nutrient
is a well-known source of the phycocolloid concentrations coming from both pond series, thus
carrageenan. When cultured in the tidal reservoirspeeding up their death.
water, the chemical composition &ucheuma Yields and growth rates of the macroalgae
improved greatly, with higher levels of protein and obtained in this study are indicative of the
carbohydrates (polysaccharides) and lower levelspossibility of culturing macroalgae at Makoba.
of ash. This observation gives hope that by Ammonia-N concentrations were higher than those
improving the culturing technolog§ucheuma  reported earlier at Makoba (Mwandya, 2001 and
culture in tidal mariculture ponds can still become Msuya, 2001). At this point we would like to
a viable industry for a high-quality product. There correct the data reported by the latter report. The
is no known commercial use Ghaetomorphabut  nutrient concentrations should be multiplied by the
its biomasgould be possibly converted into biogas. respective atomic weights of each nutrient. The

The increase in protein content in the higher nutrient concentrations in the present study
macroalgae thalli when cultured in fishpond may be due to the fact that there were no
effluents show that the macroalgae removed moresedimentation or shellfish ponds placed between
nitrogen than they needed and therefore stored ithe fishponds and the seaweed (as was the case
in their thalli, a useful feature if the biomass is during the study by Mwandya, 2001) that would

used to culture marine herbivores. have reduced nutrient concentrations before the
. water drained into the seaweed. The study by
Growth rate and yield Mwandya also reported that the integrated system

at Makoba, did not produce ammonia-N
concentrations that exceedegd!.

The present study was conducted during the
rainy season, which could have affected the growth
X of the macroalgae because of high dilution of
the water where it was exposed and becamesg,yater at the channels and ponds. Salinity at the
bleached or desiccated. This was mostly observeq)u,[ﬂOW of fishponds was below 30 %, most of the
during the afternoon whereas during the morningtime between May and July (Fig. 10), and became
the alga was submerge@haetomorphaand o\ en jower during the downpours (e.g. on 9th June,
Gracilaria did not show the same buoyancy. salinity was 23 %o in the afternoon). Despite all

In the case dEucheumathese results indicate these factors, the macroalgae were growing

that whatever was killing it came from the gistactorily as also shown by their good
f|shpond§. Poss!ble cause_s are low pH, |OV\{ Sa'!n'typhotosynthesis rates (data not shown).
and relatively higher nutrient fluxes considering

that nutrient concentrations in the sea where thejofiltration ability

algae are farmed are very low (ammonia-N

concentrations have been below @M). Similar  Macroalgae can be used to remove a significant
results were obtained in Hawaii where it was amount of nitrogen in this kind of low-tech
reported that stress signs on the algae could be gtegrated system. The results also show that with

The relatively lower growth rate tfiva compared

to Gracilaria could have been a result of an
observation that during the experiments the former
alga was always buoyant, rising to the surface of
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high water velocity, high removal rates can be University (Israel), The National Centre for
obtained even with relatively lower nutrient Mariculture (Israel) and the Institute of Marine
concentrations. In this study, the macroalgae Sciences, University of Dar es Salaam (Zanzibar,
biofilters were able to restore the pH of the water Tanzania). The authors would like to thank Prof.
and aerate the water in the integrated system. FoSven Beer of Tel Aviv University, Israel and Dr
a system like the one at Makoba where thelngrid Lupatsch of the National Centre for
performance of the macroalgae biofilters is limited Mariculture, Israel, for reading the manuscript. Dr
by water availability, these removal rates are Alan Critchley is thanked for reviewing the
significant. Results ofracilaria in this study  manuscript. We would also like to thank Florence
showed that it performed less efficiently théima Mamboya and Augustine Mwandya for their help
in N removal These results are similar to those in fieldwork and nutrient analyses, and the Nutrition
obtained by Neori et al. (2000) who reported that Department of the National Centre for Mariculture
the efficiency ofGracilaria confertain removing (Israel) for analysing protein contents.
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