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Turbulent waters may detach seaweeds from rocky coasts and transport them to the beach, where they remain
stranded and can be a potential source for the industry of products extracted from macroalgae. The general objective
of the present study was testing through the determination of nitrogen, phosphorus and calcium concentrations, the
application of the stranded seaweeds and as manure, as well as estimating their biomass.
Seaweeds were collected monthly between July 2002 and March 2003 at João da Cunha Island, located at
27°08'08”S and 48°32'30”W in Santa Catarina State, Brazil. In the laboratory the material was identified, cleaned
and washed in running fresh water before being weighted. For chemical analises and plants were
separated and oven dried during three days until constant weight was obtained. The determination of the total
nitrogen concentration was done by the colorimetric method; total phosphorus was determined following Murphy
and Riley's Method; calcium concentration was verified by the atomic absorption spectrometric's method. Dry
weight and ashes were obtained following the gravimetric method. Total biomass of and varied
among sampling dates, being higher during summer. Results obtained through chemical analises of the stranded
seaweeds indicate that it is possible to find nutrients that are essential in the production of fertilizers, although they
are present in smaller quantities in the algae. The small amount of stranded seaweeds at João da Cunha Island is not
favorable to its commercial exploration; other places should be investigated for this purpose.
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ABSTRACT

Estimative of the Biomass and Determination of Chemical Parameters of the
Stranded Seaweeds and on João da Cunha Island (Porto
Belo, SC) and their Potential use as Manure

Hypnea Sargassum

R. E. Guimaraens; K. R. S. Sauer Machado and K. N. Kuroshima

INTRODUCTION

Seaweeds may be divided into three big groups: Rhodophyta
(red algae), Phaeophyta (brown algae) and Chlorophyta (green
algae). There are 4000 to 6000 species of red seaweeds, which
are distributed in approximately 680 genera, a number greater
than the two other groups of seaweeds altogether. They are
structurally complex and particularly abundant in tropical
warm waters, growing usually fixed to rocks or other seaweeds.
Their plastids contain phycobilins, pigments which hide the
color of chlorophyll and give red seaweeds their characteristic
color. Brown seaweeds, another group almost exclusively
marine, include the most conspicuous algae of temperate,
boreal and polar waters. Although this group comprises only
about 1500 species, it dominates the rocky coasts along the
coldest regions of the world, being less common and diverse in
tropical waters. They may present quite complex morphologies,
being even similar to plants. The third group of seaweeds is
composed by green algae that are very diverse in relation to their
structure and life cicles (R , E and E , 2001).

Besides being biologically and ecologically important as
primary producers and food for several organisms living at the
rocky coasts or in adjacent waters, seaweeds are being studied
and explored as a source of commercially important products
for men. They have been directly used or transformed into flour,
after being dried and grounded. In that case they can serve as
manure, food for humans or cattle or have medicinal usage,
among others. The commerce of (known as “nori”)
was responsible for 1,8 billion dollars/year in the beginning of
the 90s (O , 1996). Several other red seaweeds are
consumed in the Pacific Islands and North Atlantic (R ,
E and E , 2001). Sargassum species are used as
manure in China (R , 1983). Seaweeds are important
suppliers not only of mineral elements, but also organic
compounds.

The majority of studies that have already been realized with
macroalgae was done in temperate regions, where seaweeds are
abundant and grow fast (the so-called “kelps” may reach 60m
high in brown seaweed forests). For this reason, those seaweeds
may be collected without causing any harm to the ecossistem. In
tropical regions, seaweeds diversity is much bigger, but the sites
where we can find them are not as extensive or as not as freqüent
as the ones present in colder regions. Besides, we are still
initiating our studies related to seaweed cultivation and must
import products for our usage.

Turbulent waters caused by currents, winds and tides may
detach seaweeds from rocky coasts and transport them to the
beach, where they remain stranded. Those algae can be a
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Figure 1. Illustration showing samples sites.
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potential source for the industry of products extracted from
macroalgae, although they are often found partially
decomposed. João da Cunha Island (mostly known as Porto
Belo Island), located at 27°08'08”S and 48°32'30”W in Santa
Catarina State, 66 km from the capital Florianópolis (Figure 1),
receives a great quantity and variety of seaweeds on its beach
daily. Thousands of turists visit the Island monthly during
summer looking for recreation and leisure and for this reason
the seaweeds are collected and transported to the continent
where they go to the garbage, instead of naturally replacing the
nutrients in the environment. During preliminar observations it
was verified that the genera (Rhodophyta) and

(Phaeophyta), both with a great economic potential,
were very frequent and abundant on the beach.

The general objective of the present study was testing
through the determination of nitrogen, phosphorus and calcium
concentrations the application of those stranded seaweeds as
manure as well as estimating their biomass.

All the seaweeds present in quadrats of 0,25m distant 5 m
one from the other along a 50m transect on the beach were
collected monthly between July 2002 and March 2003, put into
plastig bags and taken to the laboratory, totalizing ten replicates
in each sampling. In the field, the approximated area occupied
by the stranded seaweeds was also estimated with a tape
measure. In the laboratory the material was identified, cleaned
and washed in running fresh water before being weighted.
Epiphytes and accompanying organisms were removed and
total wet weight determined in an analytical scale. After this
procedure, a few seaweeds were kept in flasks with formalin 4%
for further identification.

The and algal samples collected
according to above descriptions were immediately brought to

laboratory for chemical analysis in refrigerated bags. The algae
samples were carefully rinsed with distillated water to eliminate
salts and cleaned of epiphytes. The samples were then weighted
and dried at 60ºC about three days or until constant weight was
obtained. The difference between these two weights was used to
calculate dry weight according to W & G
(1996). These dried materials were stored in plastic bags at
ambient temperature for chemical analysis.

Ash content of the algae was determined gravimetrically.
0.1g of dried material was burned during 12 hours at 550ºC
(G , 1997). The results were expressed in percentage
of ash content. Nitrogen, phosphorus and calcium content in
algal samples were taken in triplicate over mineralized samples
according to C (1996). 0.5g of algae samples (
and ) collected each day was taken in Teflon beakers
with 10ml H SO (P.A. Merck) at 200ºC during 15 minutes.

During each field trip, the total area occupied by the stranded
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The samples were refrigerated until ambient temperature
was reached, then it was added 0.5ml H O and they were
warmed until 60ºC. This operation was repeated several times
until the solution was cleared. As a final step, 5ml H O was
added to the material and it was warmed to 260~280ºC until
complete mineralization. The solutions were refrigerated until
ambient temperature was reached, and calibrated to 100ml with
deionized water. These samples were used to P, N and Ca
determinations. An amount of 10 ml of mineralized An amount
of 10 ml of mineralized solution was used to N determination.
NaOH solutions were added over these samples until a pH 10
was reached and then, they were used to determine N by the
cadmium reduction method (S P ,
1972). In this method NO - (resulted by mineralization) turns
into NO2 by passing across a cadmium column. The NO -
formed was determined by colorimetric methods using a
reaction of NO - with diazotized sulfanilamide followed by N-
1-naphthyl-ethylenediamine dihydrochloride, forming the
reddish purple azo dye. Total P was determined in mineralized
samples like PO compounds, using colorimetric methods,
where PO reacts with ascorbic acid producing an intense
colored molybdenum blue compound. Calcium content was
determined by Atomic Absorption Spectrometry (Perkin-
Elmer, 3110) according to G & O (1990).
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Figure 2. Mean and standard deviation of algal biomass.
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Table 1. Wet and dry weight of andHypnea Sargassum.

Date
Wet

weight
Dry

weight Wet weight Dry weight
Wet

weight
Hypnea

(g)
Hypnea

(g)
Sargassum

(g)
Sargassum

(g) Total (g)
18/07/02 16,13 0,71 4,37 0,47 20,50
21/08/02 61,94 4,10 61,94
17/10/02 12,75 0,81 0,69 0,06 13,44
22/11/02 82,31 6,02 97,70 10,14 180,01
06/12/02 22,73 0,90 2,38 1,05 25,11
12/12/02 0,78 0 0 0 0,78
15/01/03 172,75 8,76 56,66 5,27 229,41
13/03/03 46,72 1,67 56,18 5,89 102,90
Mean 52,01 2,87 35,60 3,74 79,26

Table 3. List of species and genera found at the study site.

Brown algae Red algae Green algae

Dyctiota
cervicornis

Acanthophora

spicifera

Acetabularia

calyculus
Feldmannia
irregularis

Bryothamnion
seaforthii

Codium taylori

Hincksia
mitchelliae

Gelidium crinale

Padina gymnospora Gracilaria
domingensis

Sargassum sp Hypnea musciformis
Hypnea spinella
Laurencia sp
Pterocladiella
capillacea

Table 2. Percentage of occurrence of andHypnea Sargassum.

Date Hypnea Sargassum% %
18/07/02 70,87 19,2
21/08/02 58,46 -
17/10/02 67,75 0,27
22/11/02 14,6 17,33
06/12/02 58,11 6,08
15/01/03 43,56 14,29
13/03/03 34,35 41,3



seaweeds was estimated. The mean area for all the samplings
was 62,3m . Biomass showed a great variation between
and . The first genus was more abundant than the
second one. Table 1 shows wet and dry weight of Hypnea and
Sargassum at each sampling date. Total wet weight was
calculated by adding the biomass of the two genera found in all
the quadrats sampled at each date. Figure 2 shows total algal
biomass mean and standard deviation calculated from the ten
replicates collected at 8 sampling dates. The higher biomass
was found during summer period (December, January and
March). The percentages of biomass contribution of
and in each sampling date were calculated by adding
the values of the ten replicates (Table 2). Sargassum was not
collected in August. Number of species varied along time.
However, red seaweeds were always more numerous, followed
by the brown and green algae, respectively (Table 3). It was not
always possible to identify the algae at specific level.

For , calcium values varied between 377,960 e
3257,570 ug/g. For , the minimum value found was
1867,920 ug/g and the maximum 5892,760 ug/g (Table 4).

Total concentrations of phosphorus are shown in Table 5.
Phosphorus values found for were always higher than

values and in five of the seven samples, phosphorus
was not even detected (N.D.) by the methodology applied
(Table 5).

Temporal distribution of nitrogen is represented in Table 6. It
can be observed that the average value of nitrogen was higher in

(479,02 ±548,099 ug/g) than in (188,6 ±
16,2 ug/g).

Those values show that presents, in average,
twice as much nitrogen in relation to . Temporal
distribution shows a great variability along the studied period;
Sargassum presented a minimum of 168,170 ug/g in March
2003 and a maximum of 1553,890 ug/g in October 2002 (Table

It can be noticed that the amount of nitrogen found was
always higher than the amount of phosphorus.

Table 8 presents expected values of nitrogen and phosphorus
for 100g of and .

Those two elements constitute 4% of the total composition of
commercial organic fertilizers. It can be observed that the
amount of nitrogen found in the two genera studied is well
below the one found in commercial fertilizers. In relation to
phosphorus, the values are still lower, getting close to zero. Ash
values are shown in table 9. total ash values were
calculated only twice, since the small amount of material
collected prevented the acquisition of ashes from the other
samples.
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6). Table 7 shows the relationship between nitrogen and
phosphorus found for and .

Vascular plants are rich in polysaccarides that take long to
degradate. In seaweeds, polysaccarides appear in lower
amounts and they possess higher decomposition rates. For that
reason, seaweeds are important suppliers of organic compounds
and inorganic nutrients in the marine environment.

In the present study, the identification of the seaweeds at
specific level was not always possible to be done, since the
material collected was in different stages of decomposition. The
Rhodophyta stood out in relation to the other groups due to
higher species richness and abundance. Total seaweed biomass
varied seasonally, with higher quantities of stranded seaweeds
during summer. and biomass also followed
this pattern.

The biomass of seaweeds found at Ilha de Porto Belo was
enough for the chemical analises proposed, but it is not high
enough to be commercially explored. The small amounts of
stranded seaweeds found may be due to several environmental
factors, like climatic events, for example, which were not
investigated during the present study. The low values of
biomass found have influenced the obtained results for
chemical parameters, specially the ones found for the element
phosphorus. Chemical analises of a and
showed that phosphorus values found in the samples were low
in relation to nitrogen and calcium (in a few samples
phosphorus was not even detected). This fact agrees with what
was found by S (1988) in tide pools in the Brazilian
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Table 4. Temporal variation of calcium for and
.

Hypnea
Sargassum

Date Calcium ug/g

Hypnea

Standard
Deviation Sargassum

Standard
Deviation

18/07/02 540,83 ± 26,1 2346,04 ± 39,2
21/08/02 3257,57 ±100,1 N.D. N.D.
17/10/02 1358,09 ± 47,2 5892,76 ±117,3
22/11/02 620,62 ± 39,4 1867,92 ± 26,2
06/12/02 2689,16 ±145,2 3735,89 ±125,0
15/01/03 1898,29 ± 35,9 3103,18 ± 6,3
13/03/03 377,96 ± 4,8 4111,48 ± 84,5
Mean: 1534,65 3509,55
Standard Deviation: 1043,74 1310,67
Minimum value: 377,960 1867,920
Maximum value: 3257,570 5892,760

Table 5. Phosphorus temporal variation for andHypnea
Sargassum.

Date Phosphorus ug/g

Hypnea

Standard
Deviation Sargassum

Standard
Deviation

18/07/02 16,17 ±1,4 7,01 ±0,1
21/08/02 3,36 ±0,5 N.D N.D.
17/10/02 0,32 ±0,0 N.D ±0,0
22/11/02 N.D ±0,0 N.D ±0,0
06/12/02 1,53 ±0,4 N.D ±0,0
15/01/03 7,87 ±0,3 4,18 ±0,2
13/03/03 1,90 ±0,4 N.D ±0,0
Mean: 5,19 5,6
Standard Deviation: 5,46 2,00
Minimum value: 0,320 4,180
Maximum value: 16,170 7,010

Table 6. Nitrogen temporal variation for andHypnea
Sargassum.

Date Nitrogen ug/g

Hypnea

Desvio
padrão Sargassum

Desvio
padrão

18/07/02 211,76 ±0,002 218,05 ±0,002
21/08/02 186,13 ±0,006 N.D. N.D.
17/10/02 172,65 ±0,000 1553,89 ±0,004
22/11/02 192,26 ±0,006 172,62 ±0,004
06/12/02 189,16 ±0,000 566,10 ±0,004
15/01/03 165,23 ±0,002 195,26 ±0,000
13/03/03 203,38 ±0,000 168,17 ±0,002
Mean: 188,65 479,02
Standard Deviation: 16,20 500,34
Minimum value: 165,230 168,170
Maximum value: 211,760 1553,890

Table 7. N:P relation temporal distribution.

Date Hypnea Sargassum

18/07/02 13,09 31,10
21/08/02 55,39 0
17/10/02 539,53 0
22/11/02 0 0
06/12/02 123,63 0
15/01/03 20,99 46,71
13/03/03 107,04 0
Mean 122,81 11,11



northeast. These authors observed that at high temperatures,
fosfate was quicky liberated by the seaweeds. Low values of
this element are due to the fact that it is the first one to be
liberated in the decomposition process. Besides, the seaweeds
are already in a partial degree of deterioration. Nitrogen values
found are higher if compared to the values of the other elements;
its amount is also higher for plants in general (C
1996; G O 1990; P ., 2003).Ash values
are variable in the seaweeds and may vary because of the
environmental conditions to which algae were submitted, as
water turbulence and winds. Different percentage ashes among
species may be due to physiological variations among them.
This parameter is an excellent answer to concentrations of
substances found in sea water, which are incorporated to the cell
walls and cytoplasm of the algae.

Results of chemical analises indicate that we can find
essential nutrients in the production of fertilizers in stranded
seaweeds. However, their quantities are low and besides, the
small amounts of stranded seaweeds present at Ilha de Porto
Belo limit its commercial explotation. Other places could be
investigated for this purpose.

The red seaweed and the brown seaweed
found at Porto Belo Island present the elements nitrogen,
calcium and phosphorus found in commercial fertilizers, but
not in sufficient amounts to be commercially explored. Besides,
there is a great variation in their biomass along the year, turning
it difficult to be commercially explored. Further studies should
take place in sites where biomass is higher and more constant
along the year. Doing this, we could confirm whether the
stranded seaweeds have or do not have potential as manure.

Future studies should include seasonal patterns, test different
species and different stages of decomposition and, most
important of all, compare fertilizers obtained from the algae
with commercial fertilizers.
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Table 8. Estimative of amount of nitrogen and phosphorus
present in 100 grams of andHypnea Sargassum.

Nitrogen Phosphorus

Date
Hypnea

(gN/100g)
Sargassum

(gN/100g)
Hypnea

(gN/100g)
Sargassum

(gN/100g)

18/07/02 0,037 0,022 0,002 0,001
21/08/02 0,037 0 0,000 0
17/10/02 0,038 0,155 0,000 0
22/11/02 0,038 0,017 0,000 0
06/12/02 0,038 0,057 0,000 0
15/01/03 0,038 0,02 0,001 0
13/03/03 0,038 0,017 0,000 0
MEAN 0,019 0,041 0,000 0

Table 9. Total value of calculated ashes.

Date Species Total ashes %

18/07/02 21,585

21/08/02 46,830

17/10/02 15,858

22/11/02 20,469

22/11/02 18,100

06/12/02 16,610

15/01/03 23,083

15/01/03 21,768

13/03/03 27,180
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Sargassum
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