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Abstract

The seaweeds Chaetomorpha antennina, Gymnogongrus griffithsiae and Ulva fasciata were studied
regarding tissue concentrations of total nitrogen, total phosphorus, total protein, hydrosoluble
protein, total carbohydrate, chlorophyll a and total carotenoid throughout a 39-month survey in
two coastal environments of Rio de Janeiro State, Brazil. One of the sites (Itapuca Stone) has high
concentrations of dissolved nutrients and an intense long-term process of cultural eutrophication;
the second site (Bananal Inlet) is thought to have lower concentrations of dissolved nutrients and
no relevant anthropic impact. Seaweeds experienced changes in the concentrations of the sub-
stances in the thalli; however they did not show any cyclic seasonal pattern, except for pigments,
with lower values in summer in both sites. The differences found for each species in each sampling
at the sites were small (e.g. U. fasciata, more total nitrogen at Itapuca Stone) or absent (e.g. C. an-
tennina, no significant differences for hydrosoluble protein in the sites). Differences in the con-
centrations of dissolved nutrients in the sites did not generate contrasting chemical profiles in the
seaweeds. There is no evidence of nitrogen- or phosphorus-limitation in any season. It is presum-
able that the concentrations of dissolved nutrients at the nutrient-poorer site are sufficient to
generate high concentrations of the substances in the thalli of the species tested, similar to the
concentrations measured in the eutrophic site. Experimental data are needed to elucidate the fac-
tors that promote the success of the species tested under contrasting nutrient availability and en-
vironmental disturbance.
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1. Introduction

Growth of macrophytes and phytoplankton in tropical coastal waters is generally limited by nutrient availability
[1]. Human use of coastal areas has greatly increased the inputs of nitrogen and phosphorus into many aquatic
systems, with resultant impacts at the population and ecosystem level [2]. Increased abundance of nuisance ma-
croalgae is among the direct consequences of nutrient loading [3].

Studies on the abundance of opportunistic seaweeds and measurements of dissolved nutrients are traditional
approaches used to add information to evaluate the trophic state of a given ecosystem. However, other parame-
ters may also be used to assess some ecological characteristics of coastal environments. For instance, monitoring
the concentration of total N and P in macroalgal tissues may be a more useful indicator of enrichment or eutro-
phication potential [4], since total nutrient concentration in the algal tissue integrates the nutrient regime over
time [5] [6].

In addition to measurements of tissue N and P, other chemical parameters can be useful in this field. Analyses
of protein, carbohydrate and photosynthetic pigments can aggregate more information for the understanding of
the behavior of algal species as responses to environmental conditions. Protein in the thalli is mainly influenced
by nitrogen availability [7]. Both experimental and field studies have demonstrated that seaweeds tend to accu-
mulate higher concentrations of protein and chlorophyll when dissolved nitrogen is available in high concentra-
tions [8]. The values in the thalli tend to be relatively higher in specimens living in eutrophic environments or
those that have been previously submitted to high concentrations of dissolved nutrients in a period before sam-
pling [9].

High concentrations of carbohydrate in contrast with low concentrations of protein are frequently related to
nitrogen deficiency in algae [10]. Under long-term short supply of nitrogen, it is observed that an increase in to-
tal carbohydrate and a progressive decrease of the concentration of nitrogenous substances (protein, pigments,
intracellular inorganic nitrogen, nucleic acids, etc.) over time occur, and this is a universal behavior of seaweeds
[7] [11] and microalgae [12]. Nitrogen-bearing substances may be partially consumed as alternative sources of
nitrogen by algal species under nitrogen starvation [7] [12].

Data on pigment composition are also important to assess responses to environmental factors, such as temper-
ature, salinity, dissolved nutrients and irradiation. The pigment content may increase in response to the envi-
ronmental factors such as high nutrient availability [13] or decrease as a consequence of excess of solar radiation
and exposure to UV radiation [14]. Damage caused by UV radiation may be especially relevant in tropical envi-
ronments, where seaweeds are particularly exposed to high irradiation [14] [15].

Studies on tissue chemical composition of macroalgae are predominantly carried out in temperate environ-
ments [6] [13] [16]-[21]. By comparison, information on tissue chemical composition of algae from tropical and
subtropical environments is relatively scarce [22]-[27], and more data are needed from the tropics.

In this study we report on the temporal variations of tissue N, P, N:P atomic ratio, protein, carbohydrate, and
photosynthetic pigments (chlorophyll and carotenoids) of the green algae Chaetomorpha antennina and Ulva
fasciata and the red alga Gymnogongrus griffithsiae. The three macroalgal species are common in two tropical
sites of Rio de Janeiro State, Brazil, with different trophic states: Bananal Inlet (oligotrophic-mesotrophic) and
Itapuca Stone (eutrophic-hypereutrophic). Comparisons were made between algal substances and the concentra-
tions of dissolved nutrients in the systems in this 3-year assessment to evaluate the effects of excess of nutrients
on the chemical composition of the species studied.

2. Materials and Methods
2.1. Sampling Sites

Both sampling sites are located in Niter6i municipality, State of Rio de Janeiro, Brazil (Figure 1). Bananal Inlet
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Figure 1. Sampling sites in Rio de Janeiro State, Brazil. 1 =
Itapuca Stone. 2 = Bananal Inlet.

(23°58'S, 43°01'W) corresponds to the marine part of an environmental protected area (Serra da Tiririca State
Park), with restricted access for recreational uses. The area is not inhabited, but human occupation can be seen
close to the limits of the park (5 - 6 km away from the sampling site). The terrestrial part of the park is a moun-
tain area covered by a tropical rain forest (Atlantic Forest). This site is considered protected from relevant hu-
man impacts. Macroalgal floristic studies are still scarce in this site, but preliminary results indicate the exis-
tence of 92 species at the intertidal zone (Moreira, unpublished data).

The second site is Itapuca Stone (23°04'S, 43°08'W), located in Guanabara Bay. The site is in the urban area
of Niteroi City, and it is located near the entrance of the Bay (Figure 1), which promotes a local dilution in the
typical high levels of pollution of this coastal system and a faster water turnover [28]. Inner areas of Guanabara
Bay show a low water exchange rate [29] due to geomorphological features and human occupation of coastal
areas. The Bay comprises an area of 381 km? and an estimated 2-billion m* of water. Its hydrographic basin
(4000 km?) includes 35 rivers that contribute substantially to the freshwater input. Guanabara Bay is considered
a eutrophic or hypereutrophic environment (depending on the specific part of the Bay), highly disturbed by
anthropic impacts [30].

Considering the environmental characteristics described here, we hypothesized that the seaweeds of Itapuca
Stone (Guanabara Bay) would present permanently high concentrations of tissue N and P; in addition, the sea-
weeds in Itapuca Stone would not show significant variations in their tissue substances throughout the year and
no inter-annual changes in the chemical substances analyzed. On the other hand, temporal changes in algal tis-
sue substances would be expected for the seaweeds of Bananal Inlet.

2.2. Seaweeds

Three macroalgal species were analyzed, and their identification was carried out following a widely accepted
checklist [31]. Chlorophyta: Chaetomorpha antennina (Bory) Kitzing and Ulva fasciata L. Rhodophyta: Gym-

nogongrus griffthsiae (Turner) Mart.
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2.3. Sampling

Sampling began in December 2000 (end of the austral spring) and continued through February 2004 (austral
summer). Samples were collected every 30 - 75 days, depending on the tidal regime and season. Samples were
collected in the intertidal area only.

Whole thalli of adult plants were collected in early morning and washed in the field with seawater to remove
epiphytes, sediment and detritus. At least 15 whole plants of each species were collected, independent of the size
of each seaweed. All species were typically found at the same specific points in the site throughout the study
(e.g. C. antennina was sampled always at the same rocks). The plants were placed in plastic bags, and kept on
ice until return to the laboratory (less than one hour). In the laboratory, samples were gently brushed under run-
ning seawater, rinsed with distilled water, and dried at 60°C for at least three days and until constant weight, to
determine the percentage of moisture in the tissues. The dried material was ground into a powder and kept in de-
siccators containing silica-gel at room temperature until N and P tissue analyses.

Samples for pigment were analyzed immediately after the preparation of the algal material, in the same day of
the field trip, using wet thalli. Samples for protein and carbohydrate were cleaned, weighted (wet weight) and
stored at 4°C until analyses, up to five days later. At the time of each collection of macroalgae, four 250 ml-wa-
ter samples (n = 4) for dissolved nutrient analysis were taken from 15 - 20 cm below the water surface, as well
as measurements of local temperature at the same depth. The samples of water were filtered through cellulose
membrane filters (Millipore® HAWP 0.45 pm pore) and kept at —20°C until spectrophotometric determinations
of dissolved nutrients. Each sample was measured at least three times to obtain accurate results, and the results
showed in this study represent mean values for four independent samples collected in the field for each sam-

pling.
2.4. Tissue Analyses

Total N and P were determined in algal tissue after peroxymonosulphuric acid digestion, using a Hach digestor
(Digesdhal®, Hach Co.) [32]. Total N and P contents in the samples were determined spectrophotometrically af-
ter specific chemical reactions. For analytical details see Lourenco et al. [15]. For each species and sampling
four independent (from different plants) measurements of tissue N and P were performed (n = 4).

The Lowry et al. method [33] was used to evaluate hydrosoluble protein in the samples, with bovine serum
albumin as a protein standard. Spectrophotometric determinations were done at 750 nm. Results obtained for to-
tal nitrogen were used to calculate the total protein content, using the nitrogen-to-protein conversion factors
proposed by Lourenco et al. [34]. Carbohydrate was extracted with 80% H,SO,, according to Myklestad &
Haug [35] and determined spectrophotometrically at 485 nm by the phenol-sulphuric acid method [36], using
glucose as a standard. Pigment extraction was performed in methanol, at 4°C, for 20 h. Chlorophyll a and total
carotenoid was determinated spectrophotometrically as described by Lorenzen [37] and Strickland & Parsons
[38], respectively.

2.5. Dissolved Nutrients

For the quantification of nutrient ions in seawater, spectrophotometric determinations of nitrate and nitrite [39],
ammonium/ammonia [40], urea and phosphate [41] were performed, following standard procedures.

2.6. Physical and Meteorological Parameters

Salinity was measured with a hand refractometer (Shibuya Optical, model S-10) using four samples (n = 4) col-
lected in the field in each trip. Air temperature and seawater temperatures were measured with a mercury-col-
umn thermometer (Incoterm Co., Brazil).

Meteorological data (average monthly air temperature and precipitation) were obtained from the Fluminense
Federal University Meteorological Station, located in Niter6i, beside Guanabara Bay.

2.7. Statistical Analysis

The results for each species separately and for total measurements of all species combined were analysed by
single-factor analysis of variance (ANOVA) with significance level a = 0.05 [42], followed with a Tukey’s multiple

(=)
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comparison test. Suitable transformations of data (e.g. log of the actual data) were made when necessary. Time
was the only factor considered in ANOVA.

3. Results

Table 1 shows small temperature variations throughout the study. Maximum temperatures tended to be achieved
in December-February (austral summer). Maximum monthly average temperatures were obtained in December
2003 and February 2004. Similar trends were obtained for atmospheric precipitation, with higher values ob-
tained in summer months, and a maximum record in December 2001.

Measurements of salinity were typically lower at Itapuca Stone, where they fluctuated between 29.5 and 34.9
psu throughout the study (Table 2). At Bananal Inlet, minor variations in salinity were recorded, with values
fluctuating around 35 psu (except in January 2004, when 31.2 was recorded). Conversely, variations in water
temperature were wider in Bananal Inlet, with a difference between maximum and minimum mean values of 9°C
(Table 2), ca. three times that recorded at Itapuca Stone (3°C). Air temperatures during field trips were similar
in both sampling sites, however higher variations were recorded at Bananal Inlet.

In general, higher concentrations of all dissolved nutrients were found at Itapuca Stone, although in some ob-
servations the concentrations of nutrients were similar in both sites (Table 3). Typical concentrations of ammo-
nium/ammonia were > 5 uM at Itapuca Stone and <2 uM at Bananal Inlet, with significant differences between
the sites (p < 0.0001). In Itapuca Stone, nitrite concentrations were typically ca. three times higher than those of
Bananal Inlet (p < 0.0001), and a similar trend was recorded for nitrate. At Bananal Inlet maximum values for
nitrate and nitrite were found in late summer/early autumn (Table 3). Urea tended to show higher concentrations
in late spring and in summer, and lower values in winter, with higher concentrations at Itapuca Stone (p =
0.0231). Total nitrogen was influenced mainly by dissolved ammonium/ammonia and nitrate, the nitrogenous
ions presented in higher concentrations in both sampling sites. Higher values for total nitrogen tended to be
achieved in summer at Bananal Inlet (maximum of 12.4 uM, January 2004), and in winter at Itapuca Stone
(maximum of 36.2 uM, July 2003). Typical concentrations of phosphate were ca. three times higher at Itapuca
Stone than at Bananal Inlet (p < 0.0001), however the N:P atomic ratio were similar for both sites (p = 0.38),
with overall fluctuations around 15:1 in seawater.

Wide variations among the three species were found for total tissue nitrogen (Figure 2). G. griffithsiae and U.
fasciata tended to show higher concentrations of tissue nitrogen, while C. antennina presented lower values. In
many comparisons U. fasciata showed differences for the measurements obtained in the sites, with higher values
at Itapuca Stone. For the other species differences were small or not significant for monthly comparisons of the
sites. C. antennina showed minor variations in tissue phosphorus throughout the study in both sites (Figure 3).
A similar trend was obtained for G. griffithsiae, but in some comparisons higher values were recorded at Banan-
al Inlet. Among the three seaweeds, U. fasciata showed wider variations in tissue phosphorus in this study, with
a trend to show higher concentrations of tissue P at Itapuca Stone.

Variations in tissue N:P ratio were wider for G. griffithsiae, varying from 10:1 (Bananal Inlet, December 2000)
to 34:1 (Itapuca Stone, January 2003). For most of the comparisons, values of tissue N:P ratio were not signifi-
cantly different in both sites for the three species (Figure 4).

As total protein was calculated using nitrogen-to-protein conversion factors, the same general trends de-
scribed for total nitrogen were found (Figure 5). Typical values for hydrosoluble protein were higher than 15%
of d.w., with U. fasciata showing percentages higher than the other species in most observations (Figure 6).
Changes in hydrosoluble protein followed the same general description presented for tissue N and total protein,
with U. fasciata showing more protein at Itapuca Stone, and small or null differences between the sites for the
other species.

Carbohydrate was the most abundant component for all species, with typical concentrations > 40% d.w. in
almost all measurements (Figure 7). G. griffithsiae showed maximum concentrations of total carbohydrate, with
more than 60% of d.w. in some observations. G. griffithsiae tended to show higher concentrations of total car-
bohydrate in Bananal Inlet throughout the study.

Clorophyll a and total carotenoid showed wide variations in the measurements throughout the study (Figure 8
and Figure 9). C. antennina showed virtually the same concentrations of clorophyll a and total carotenoid in
both sites, but G. griffithsiae tended to present higher concentrations in Bananal Inlet and U. fasciata at Itapuca
Stone. For all species lower values were measured after the summer, and higher values tended to be found in

autumn and winter.
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Table 1. Atmospheric precipitation and air temperature collected daily at the Fluminense Federal University

Meteorological Station throughout the period of this study.

Month/year

Nov/2000
Dec/2000
Jan/2001
Feb/2001
Mar/2001
Apr/2001
May/2001
Jun/2001
Jul/2001
Aug/2001
Sep/2001
Oct/2001
Nov/2001
Dec/2001
Jan/2002
Feb/2002
Mar/2002
Apr/2002
May/2002
Jun/2002
Jul/2002
Aug/2002
Sep/2002
Oct/2002
Nov/2002
Dec/2002
Jan/2003
Feb/2003
Mar/2003
Apr/2003
May/2003
Jun/2003
Jul/2003
Aug/2003
Sep/2003
Oct/2003
Nov/2003
Dec/2003
Jan/2004
Fev/2004

Precipitation (mm)

Average
1.8
31
2.2
34
21
0.2
25
2.0
23
0.2
2.0
1.6
34
8.1
21
4.1
1.0
0.1
51
1.9
0.8
0.6
2.9
0.9
7.0
55
6.8
0.1
6.7
19
1.6
1.5
0.9
1.0
3.0
4.3
6.4
3.8
4.9
4.4

Total
57.2
94.8
66.8
95.6
65.4

4.8
78.2
56.8
724

54
30.8

49.2

101.0

251.8
65.2

114.4
31.6

44

157.2
232
24.8
18.6
87.2
28.8

108.6

171.6

211.8

1.8

208.8
56.0
49.0
45.4
29.0
320
90.0

132.0

192.4

116.8

152.4

127.8

Minimum
21.8
229
23.2
24.2
234
223
19.9
19.5
20.2
22.5
22.9
234
232
237
225
21.3
20.1
18.9
20.0
18.9
21.2
22.4
235
239
239
23.6
22.1
19.2
18.7
17.2
174
18.9
20.0
21.8
23.0
225
22.6
21.8
22.9
23.2

Air temperature (°C)
Average

24.9
26.3
27.0
28.3
27.6
26.3
235
23.0
23.5
24.8
25.9
26.6
25.9
27.7
26.3
24.9
23.5
21.9
23.7
21.9
25.2
25.9
26.7
27.1
28.2
27.5
25.9
23.0
23.0
21.6
21.2
22.4
23.6
25.3
26.3
25.7
26.1
24.9
26.3
27.0

Maximum

29.2
31.3
32.7
35.0
34.3
324
29.0
28.3
27.2
29.0
30.4
31.9
30.8
33.8
321
30.4
29.1
26.3
29.3
26.2
31.0
311
31.6
325
34.8
33.8
315
28.6
29.7
27.8
26.5
27.1
28.7
30.3
31.3
30.3
31.2
29.2
31.3
32.7
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Table 2. Average values of salinity and temperature measured at the sampling sites during part of the field trips.
Results for salinity represent the mean values of four determinations + the standard deviation (n = 4). Data for the
first 18 months of this study are not presented.

Sampling Salinity (psu) Seawater temperature (*C) Air temperature (°C)

Itapuca Stone Bananal Inlet Itapuca Stone Bananal Inlet Itapuca Stone Bananal Inlet

Aug/2002 33.9 34.6 24.0 22.0 23.5 215
Oct/2002 33.9 354 23.0 19.0 25.0 22.0
Nov/2002 33.7 35.2 25.0 235 26.7 25.0
Dec/2002 29.5 349 25.0 21.0 255 25.0
Jan/2003 30.2 349 26.0 23.5 28.0 25.2
Feb/2003 321 36.2 24.0 27.0 28.0 27.0
Mar/2003 34.9 35.1 26.0 26.0 26.5 26.0
May/2003 34.8 35.2 235 25.0 255 25.5
Jun/2003 34.7 35.0 23.0 23.0 24.0 20.5
Jul/2003 34.1 349 23.0 22.5 23.0 22.0
Aug/2003 32.1 34.9 23.0 22.2 22.5 21.7
Sep/2003 34.5 35.0 23.0 23.0 23.0 23.5
Nov/2003 33.7 34.1 255 23.0 27.0 24.5
Jan/2004 315 31.2 245 17.0 26.5 23.0
Feb/2004 29.6 35.8 255 18.0 26.0 23.0

4. Discussion
4.1. Dissolved Nutrients

Results confirmed that concentrations of dissolved nutrients at Itapuca Stone were higher than at Bananal Inlet,
but the differences between the sites were not intense. In some observations no statistical difference was de-
tected between the sites, and in some monthly comparisons the absolute values measured in Bananal Inlet were
only 30% - 50% lower than in Itapuca Stone.

Some hypotheses can be considered to explain the small differences in dissolved nutrients in the sites. The
Inlet is the marine part of the Serra da Tiririca State Park, with most of its area comprising a rain forest on
mountains. The topographical characteristics of the area possibly favor the transport of nutrients from the forest
soil to the Inlet, especially after rainfalls. As a typical concentration of nitrogen in soil may be three orders of
magnitude higher than that of the seawater, the run-off of relatively small fractions of nutrients from the forest
would promote a remarkable fertilization of the seawater in the Inlet. If this interpretation is correct, inputs of
organic substances (e.g. humic acids) probably are also relevant in Bananal Inlet. In this scenario, the forest that
surrounds the sampling site could play as an important factor for the input of nutrients into the site. The influ-
ence of run-off from an adjacent forest to algal communities has already been shown [43]. These authors dem-
onstrated that the run-off from a forest in the east coast of South Korea promoted a remarkable increase in heavy
metals, especially cadmium, detected in the algal flora besides a relevant nutrient enrichment.

A second hypothesis refers to the effects of the water circulation in the region. Despite the Inlet is an inha-
bited area, it is close to urbanized districts of Marica, Niteréi and Rio de Janeiro municipalities. The short dis-
tance to urban areas would favor the input of seawater with high concentrations of nutrients (and even pollutants)
in Bananal Inlet. The entrance of Guanabara Bay is ca. 20 km to the Inlet, and the Bay itself is an important
source of dissolved nutrients to adjacent areas [44]. These arguments are hypothetic, but there is some evidence
to corroborate with this interpretation. For instance, in some field trips it was possible to detect the presence of
solid waste (plastic, paper, etc.), in moderate amounts, floating in the Inlet. The occurrence of these records had
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Table 3. Some selected mean values for dissolved nutrients collected throughout the present study in the two sampling
sites. The results are expressed as UM (except N:P ratio) and represent the average of four replicates + SD (n = 4).

Nutrient

Sampling N-Ammonia N-Nitrite N-Nitrate N-Urea Total N Phosphate N:P ratio
Dec/2000

Itapuca Stone 14.7 £ 4.65 0.70£0.14 3.02+1.76 1.85+0.38 20.2+3.47 2.68£0.83 7.56 +1.89

Bananal Inlet 4,08 £0.15 0.51+0.12 3.16 £0.32 0.88 £ 0.19 8.63+0.36 1.16 £0.37 7.44 +239
Mar/2001

Itapuca Stone 2.80£0.47 0.34 £0.06 242 +0.77 0.89+0.13 6.45+1.80 0.98 £0.32 6.58 +1.39

Bananal Inlet 1.83+0.21 0.30 £0.05 3.96 £0.49 0.34+£0.08 6.43 +0.52 0.56 £0.22 115+7.79
Jun/2001

Itapuca Stone 531+3.71 1.72£0.15 8.72+3.64 2.31+0.52 18.1+6.76 1.91+£0.54 9.48+2.12

Bananal Inlet 0.87+0.13 0.83+0.10 4.61+0.14 1.11+0.20 7.42+0.10 1.14+0.14 6.51+0.71
Nov/2001

Itapuca Stone 2.72+0.10 1.21+£0.06 7.03+0.18 1.37+£0.31 124 +0.15 1.60£0.10 7.73+£0.39

Bananal Inlet 2.84+0.27 0.86 £ 0.02 8.90+0.28 1.07 £0.28 13.7+0.19 1.59 +0.39 8.60 £2.10
Mar/2002

Itapuca Stone 5.74+0.76 1.02 £ 0.08 478+0.11 1.15+0.36 19.1+9.2 3.93+047 19.1+£9.2

Bananal Inlet 1.25+0.14 0.30+0.09 4.58 +0.48 0.53+0.03 10.9+0.7 2.38+0.22 206+1.1
Jun/2002

Itapuca Stone 13.5+1.67 3.28+0.28 6.45 + 3.66 2.30+0.18 321+27 4.45+0.82 140+1.1

Bananal Inlet 1.30+0.16 0.23+0.04 3.97+£0.43 0.51+0.06 88+11 1.66 £ 0.60 172+14
Aug/2002

Itapuca Stone 7.11+1.60 1.83+0.38 12.4 + 4.66 1.71+0.51 247 +6.74 2.39 £ 0.66 10.3+0.5

Bananal Inlet 0.90 +£0.25 0.25 +0.04 2.25+0.62 1.37£0.58 6.1+1.89 0.48 +£0.02 129+4.2
Oct/2002

Itapuca Stone 8.60 +1.84 2.00+0.07 9.79+2.09 2.13+0.55 24.6 +4.48 1.34+0.09 183+27

Bananal Inlet 0.76 £ 0.15 0.16 + 0.06 1.96 £ 0.40 1.26 £0.16 5.4 +0.53 0.77 £ 0.06 71+11
Jan/2003

Itapuca Stone 4.91 £0.55 0.44 £0.07 1.88+0.43 1.87+0.33 11.0£0.76 1.29+0.29 8.7+1.2

Bananal Inlet 1.31+£0.29 0.22 £ 0.07 2.47 £ 0.60 227+0.25 8.5+0.99 0.56 £0.07 155+35
Mar/2003

Itapuca Stone 10.5+3.69 0.70+0.34 342+0.24 1.29+£0.52 20.3+6.23 2.87+1.20 17.0+4.38

Bananal Inlet 3.95+0.83 0.91+0.69 3.59+1.03 0.67 +0.16 11.2+1.36 1.39+0.55 17.3+43
Jun/2003

Itapuca Stone 14.0+0.81 157+0.15 4.48 £0.37 1.01+£0.12 22.6 +1.53 1.27 £0.40 22625

Bananal Inlet 1.46 +0.79 0.43+0.03 2.10+0.17 0.36 £0.08 55+225 0.75+0.71 15.1+£5.2
Aug/2003

Itapuca Stone 8.96 £ 0.52 1.72 £0.07 6.24 £0.73 0.79 +£0.09 18.6 £ 0.51 0.81+0.03 236+24

Bananal Inlet 144 £1.17 0.29+0.03 1.93+0.23 0.39+0.08 49+1.67 0.63+0.31 135+6.7
Nov/2003

Itapuca Stone 10.6 +1.30 3.04£0.73 11.1+4.18 241+0.54 28.0+45 1.65+0.35 11.8+0.8

Bananal Inlet 212+0.54 0.58 + 0.07 191+0.14 0.69 +0.23 7311 1.34+£0.37 11.6+4.7
Feb/2004

Itapuca Stone 3.73+0.59 0.72+0.15 1.39£0.70 1.36 £ 0.31 18.3£3.25 6.25+1.68 143+5.0

Bananal Inlet 1.87+0.80 0.47 £0.06 1.89+£0.80 0.50 +£0.16 6.5+0.6 1.15+0.27 145+6.1

(=)
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Figure 2. Temporal fluctuations in tissue nitrogen of Chaetomorpha antennina
(A), Gymnogongrus griffthisiae (B), and Ulva fasciata (C) sampled in Itapuca
Stone and Bananal Inlet from December 2000 to February 2004. Data are ex-
pressed as percentage of the dry weight (d.w.) and each point represents the mean
of four replicates + standard deviation (n = 4).

no apparent link with events such as heavy storms or windy conditions in previous days to the field trip. Gar-
bage in the area seems to result from peculiar patterns of circulation in the Inlet, since no local source of pollu-
tion exists in the site itself. As one admits the transport of solid garbage from adjacent areas to the Inlet, it is
presumable to assume that dissolved nutrients from surrounding eutrophic waters could achieve the Inlet. Nev-
ertheless, it is important to reinforce that in general the seawater in the Inlet is predominantly clean and transpa-
rent. Moreover, the Inlet has a remarkable wave action, a factor that contributes for a quick dilution of sub-
stances and transport of materials, establishing a presumably low residence time in the Inlet.

A third hypothesis is the occurrence of some upwelling events in coastal areas of Niter6i municipality. These
events frequently reach Bananal Inlet in summer, but rarely could reach Itapuca Stone (located inside Guanabara
Bay). For instance, in one of the filed trips (January 9th, 2004) waters of 17°C reached the Inlet (Table 2), a
typical temperature of upwelling events in the region. This interpretation is reinforced by the detection of high
concentrations of nitrate in that month in the Inlet (3.39 = 0.83 uM), which were not statistically different of

those detected in Itapuca Stone.
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Figure 3. Temporal fluctuations in tissue phosphorus of C. antennina (A), G.
griffthisiae (B), and U. fasciata (C) sampled in Itapuca Stone and Bananal Inlet
from December 2000 to February 2004. Data are expressed as percentage of the
d.w. and each point represents the mean of four replicates + SD (n = 4).

The excess of nutrients in Guanabara Bay characterizes that environment as eutrophic [30], achieving hyper-
eutrophy in some parts and generating relevant floristic changes. A small number of macroalgal species exists
near the entrance of Guanabara Bay, where Itapuca Stone is located. According to Taouil & Yoneshigue [45],
there are only 45 species in that area, while more than 70 species were recorded in the same site by the end of
the decade of 1960. This number contrasts with the 92 species found by Moreira (unpublished data) in Bananal
Inlet. The ongoing process of eutrophication has been promoting a loss of biodiversity in Guanabara Bay,
changing the characteristics of local algal communities [45]. Opportunistic species, which tolerate high concen-
trations of pollutants (generally present in large volumes in environments disturbed by cultural eutrophication)
tend to proliferate, occupying the space left by more sensitive species [46].

Despite significant differences in the concentrations of dissolved nutrients have been detected in the sites, N:P
ratio tended to be similar at the sampling sites throughout the study. An overall mean value of 14.9:1 was calcu-
lated for Itapuca Stone and 14.7:1 for Bananal Inlet. Compared to the classical studies [47] [48], which indicate
a N:P ratio of 16:1 as an average value for world oceans, the current results are within fluctuations expected for
field data. Despite the small number of samples analyzed, values around 15:1 would not indicate limitation by
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Figure 4. Temporal fluctuations in tissue N:P ratio of C. antennina (A), G.
griffthisiae (B), and U. fasciata (C) sampled in Itapuca Stone and Bananal Inlet
from December 2000 to February 2004. Data are expressed as percentage of the
d.w. and each point represents the mean of four replicates + SD (n = 4).

N or P to the algae. This trend contrasts with other Brazilian studies. For instance, Aidar et al. [49] obtained an
average N:P ratio of 12:1 for the continental shelf of Ubatuba, Sdo Paulo State, suggesting a phytoplankton li-
mitation by nitrogen. Valentin et al. [30] found wide variations in atomic ratios in different sampling sites in in-
ner parts of Guanabara Bay with a remarkable influence of the tidal regime. Low N:P rations in inner parts of
Guanabara Bay (<10:1) were interpreted as a result of excess phosphate from domestic effluents [30].

Measurements of N:P ratio are insufficient to determine the presence or absence of a given species in an en-
vironment under strong impact. It is widely known that each species has an optimal N:P ratio for its metabolic
demands [7] [50], but it is unlike to happen competitive exclusion due to this factor. The exclusion of a given
species from a disturbed environment by anthropic action is more likely to be a consequence of the effects of
pollutants, but normally it is very difficult to determine the limits for the action of a specific pollutant since in
general complex mixtures are discharged into the sea [51].

4.2. Total Tissue Nitrogen and Phosphorus in the Seaweeds

In this study, the red alga G. griffithsiae tended to show higher concentrations of tissue nitrogen and phosphorus
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Figure 5. Temporal fluctuations in total protein content of C. antennina (A),
G. griffthisiae (B), and U. fasciata (C) sampled in Itapuca Stone and Bananal
Inlet from December 2000 to February 2004. Data are expressed as percentage
of the d.w. and each point represents the mean of four replicates £ SD (n = 4).

than the green algae. This is in accordance with studies of Diniz et al. [52] and Lourenco et al. [34] who charac-
terized the chemical composition of seaweeds from Brazilian coastal environments. Rhodophytes tended to
show more nitrogen-bearing pigments and higher concentrations of hydrosoluble protein. Higher concentrations
of phosphorus in seaweeds would be related to the characteristics of fast growing species, which produce more
ATP [7] [52].

In physiological terms, seaweeds from tropical environments show a low demand for dissolved nutrients,
compared to seaweeds from temperate environments [53] [54]. In the tropics plants are commonly saturated
with nutrients even in low concentrations (e.g.: 3.0 uM for N e 0.25 uM for P), which are sufficient to generate
high growth rates and tissue nutrients in suitable concentrations. Compared to phytoplankton, seaweeds have a
high procurement for carbon, higher than the relative demand for nitrogen and phosphorus, a characteristic re-
lated to the life cycles, life span, growth and composition of the thalli [55]. If the availability of inorganic nu-
trients increases temporarily, there is a natural trend of a fast up take and assimilation of nutrients, displaying in
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Figure 6. Temporal fluctuations in hydrosoluble protein of C. antennina (A),
G. griffthisiae (B), and U. fasciata (C) sampled in Itapuca Stone and Bananal
Inlet from December 2000 to February 2004. Data are expressed as percentage
of the d.w. and each point represents the mean of four replicates + SD (n = 4).

the thalli higher concentrations of N and P [56]. However, if an abundant amount is kept for a longer period,
there is a trend of saturation of the thalli with nutrients, and no increment in algal responses to nutrients is rec-
orded [53]. Thus, an excess of nutrient in water not necessarily will generate high concentrations of N and P in
tissues, because even a luxuriant consumption of nutrients (such as nitrogen) has a limit, without a progressively
linear response to the stimulus after a given point. If high concentrations of nutrients persist, the algae (macro-
and micro-algae) may either excrete inorganic nutrients or keep the synthesis of organic matter in stable levels,
without increases in concentrations of N- and P-bearing-substances [7] [12] [57]. These are typical responses of
algae in eutrophic environments.

In Bananal Inlet, concentrations of dissolved nutrients are supposedly enough to sustain an optimum growth
in the species tested. The observations of the local species showed tissue-N concentrations never lower than 2%
d.w., suggesting that growth conditions would be suitable throughout the year [58]. Thus, the seaweeds tend to
show high tissue N and P concentrations, possibly close to the saturation level. In this context, measurements
done with samples from Bananal Inlet tended to be predominantly high, similar to those of Itapuca Stone.
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Figure 7. Temporal fluctuations in total carbohydrate of C. antennina (A), G.
griffthisiae (B), and U. fasciata (C) sampled in Itapuca Stone and Bananal Inlet
from December 2000 to February 2004. Data are expressed as percentage of the
d.w. and each point represents the mean of four replicates = SD (n = 4).

Another factor to contribute to diminish differences of tissue N and P measured in the different sites are topo-
graphical features. Itapuca Stone is plan, with low natural shelters (e.g. crevices in rocks), and seaweeds are di-
rectly exposed to dryness during low tides. This condition promotes a strong stress in the species, which is ex-
pressed as damages in the thalli and loss of tissue nutrients [59] [60]. In many field trips in summer months and
also in short isolated periods of strong heat in any season, several individuals showed tips bleached, indicating
loss of their constituents. This phenomenon was particularly common in G. griffithsiae, especially easy to see
due the contrast between the dark red of the healthy individuals and the pale color (white or yellowish) of dam-
aged plants. In Bananal Inlet this phenomenon was less common, although in some occasions algae were found
with bleaching especially after period of strong heat. There, U. fasciata was the species that showed more com-
monly damaged thalli, while G. griffithsiae has never been found with bleaching in Bananal Inlet. This trend is
possibly a consequence of the specific occupation of the space by the red alga in Bananal Inlet, always in spe-
cific places sheltered from sunshine, under shadows created by large rocks and crevices. These arguments are
important to understand why concentrations of tissue N and P of G. griffithsiae were similar in both environments
(Figure 2 and Figure 3) and how abiotic sources of stress may influence the nutrient composition of the algae.

)



A. Nascimento et al.

25+ A —e—Itapuca

—8—Bananal
3
k]
X
P
=
<
<%
o
o
ey
(@)

o
N
L

o
N

Chlorophyll-a (% d.w.)

2.5,
2.0 1
1.5 1
1.0 1

054"

Chlorophyll-a (% d.w.)

4 2 3
oo

e & & & @ @ O & &
FLEE P gPFFTL S 5\)&0 e &8

OQJ @’b 5\) 60Q @‘bs ?90_, éo sfb(\ @’b ?gq\ eo QQ‘
Figure 8. Temporal fluctuations in chlorophyll a content of C. antennina (A),
G. griffthisiae (B), and U. fasciata (C) sampled in Itapuca Stone and Bananal

Inlet from December 2000 to February 2004. Data are expressed as percentage
of the d.w. and each point represents the mean of four replicates + SD (n = 4).

Despite the minor differences in tissue N and P for each species in both sites, most of the observations did not
reveal cyclic patterns of variation of concentrations, except for lower values of chlorophyll a and total caroteno-
id in summer/early autumn, contrasting with typical results reported for temperate environments [5] [8]. Fluctu-
ations found in tropical environments are associated to significant changes in concentrations of nutrients
throughout the year (including possible inputs of nutrients into the system) or the occurrence of a more intense
environmental factor (eg.: temperature, upwelling), affecting algal responses during part of the annual cycle. In a
related study, Lourenco et al. [15] studied the seasonal variations of tissue N and P of eight macroalgal species
of Araruama Lagoon, a hypersaline environment in Rio de Janeiro State. Remarkable seasonal variations in tis-
sue nutrients for the seaweeds were found, with higher values in autumn and lower in spring for most of the spe-
cies. The authors also considered that seaweeds are severely affected by high temperatures, at least in part of the
spring and in the summer. The absence of patterns for seasonal variations in tissue N and P of the seaweeds in
the present study suggests: (i) that the nutrient supply is virtually constant or it suffers minor variations; and (ii)
that other abiotic factors (e.g. temperature) play a secondary role to influence nutrient accumulation by the sea-
weeds. The lack of seasonal variations of tissue N and P of 10 seaweeds (6 green and 4 red algae) was also
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Figure 9. Temporal fluctuations in total carotenoid content of C. antennina (A),
G. griffthisiae (B), and U. fasciata (C) sampled in Itapuca Stone and Bananal Inlet
from December 2000 to February 2004. Data are expressed as percentage of the
d.w. and each point represents the mean of four replicates + SD (n = 4).

confirmed [56] in a seven-year study (from 1997 to 2004) performed in Boa Viagem Beach, a site located in
Guanabara Bay. Lourenco et al. [28] found N:P atomic ratios in the algal tissues typically higher than 20:1 and
lower phosphorus concentrations in the water than at Itapuca Stone in the present study.

According to the Bjornsater and Wheeler’s classification [61] of macroalgal nutrient status based on N:P ratio
of tissues, a N:P ratio < 16 indicates N-limitation; a N:P ratio 16 - 24 indicates N-sufficiency and P-sufficiency
—i.e. no limitation and N:P > 24 indicates P-limitation. Applying this classification to our data we could con-
clude that the macroalgae in the sampling sites are permanently N- and P-sufficient, with few exceptions. How-
ever, the N:P ratio must be evaluated with care, as it may obscure trends for the individual elements. For in-
stance, the lower values for phosphorus in the seaweeds were normally > 0.40% d.w. A 0.40% of tissue P does
not represent a low level of phosphorus, and it is actually higher than values found for many other algae from
tropical environments [53] [54]. In some cases a high N:P ratio observed may be strongly affected by the high
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concentrations of nitrogen and is not necessarily indicative of P limitation. Thus, the classification of Bjérnsater
& Wheeler [61] must be considered with caution, because the ranges may not be suitable for macroalgae from
tropical environments such as Guanabara Bay and Bananal Inlet. Further investigations are needed to test the
suitability of that classification for tropical environments, where seaweeds typically grow well with low concen-
trations of dissolved nutrients and normally have lower tissue N and P compared to species from temperate en-
vironments.

4.3. Protein, Carbohydrate and Photosynthetic Pigments

Following the same general trends described for total nitrogen, the red alga G. griffithsiae tended to show higher
concentrations of hydrosoluble protein than the green algae. Our results also agree with those of Gressler et al.
[62], who found that four red seaweeds from Brazil typically show hydrosoluble protein fluctuating from 4.6%
to 18.3% of d.w. In our study, hydrosoluble protein of G. griffithsiae fluctuates from 10% to 20% of d.w in most
of the observations.

Possibly most of the studies on major chemical components of seaweeds have focus on the nutritional proper-
ties of the species, e.g. [63]-[69]. However, analyses of major chemical components are important tools for en-
vironmental issues. Previous studies performed confirm that tissue protein is positively correlated dissolved ni-
trogen in the water [70] [71]. In the present study, the apparent permanent sufficiency on nutrients (especially
nitrogen) would contribute to the high measurements of protein in the seaweeds in both sites. One can speculate
that in Itapuca Stone the saturating levels of dissolved nutrients would keep protein in high concentrations. De-
spite the concentration of nutrients is not so high at Bananal Inlet it would be enough to generate a high accu-
mulation of protein. These interpretations have support from the studies of [53] with the green alga Enteromor-
pha intestinalis (=Ulva intestinalis) in mesocosms, in which the alga did not respond to enrichment with nu-
trients if thalli concentrations were saturated.

The accumulation of protein tends to promote a decrease in carbohydrate production. The assimilation of ni-
trogen (ammonia) into amino acids occurs via a GS/GOGAT (glutamine sintetase/glutamine: 2-oxoglutarate
aminotransferase) system, resulting in production of glutamate. For the synthesis of glutamate two molecules of
2-oxiglutarate are required, while for the synthesis of other amino acids carbon skeletons are required through
respiratory chain. As a result, assimilation photosynthetic nitrogen stimulates the respiratory flux of carbon. In
cells growing with high concentrations of nutrients, levels of endogenous reserves of carbohydrate drop and the
assimilation of nitrogen in amino acids depends on recent photosynthesis [10] [72].

These arguments support the occurrence of higher concentrations of carbohydrate in samples from Bananal
Inlet, especially G. griffithsiae and U. fasciata. Results for G. griffithsiae are similar to those of Perfeto [73],
who found values predominantly >50% d.w. for the same species in a seasonal study in southern Brazil, under
subtropical climate. Padua et al. [24] also reported similar results for total carbohydrate, with concentrations
varying from 55.3% to 58.4% of d.w. for Ulva lactuca and U. fasciata from Parana State, Brazil. Protein levels
measured in those species by the same authors varied from 13.3% to 18.4% d.w. [24]; these values are slightly
lower than the current results. Higher concentrations of carbohydrate than that of protein in 30 common sea-
weeds of tropical Australia were also found [74], as well as for three common species of Abu Qir Bay, Egipt
[75]. Despite the amount of dissolved nutrients in Bananal Inlet is relatively high, it is lower than in Itapuca
Stone. Considering the coupling between carbon and nitrogen metabolism, it is logical to understand a tendency
for more carbohydrate in Bananal Inlet, even with discrete differences in some comparisons. As C. antennina
exhibited the smallest differences for virtually all comparisons of the two sites, this alga probably has a naturally
low demand for nutrients. Supposedly the chemical composition of C. antennina was virtually not affected by
differences in nutrient regimes in the sites. This trend has been documented for slow-growing tropical macroal-
gae, such as thus of the genus Sargassum [54] and green algae typical of warm waters, such as Halimeda [53].
Thus, independent of specific environmental characteristics in which they are, these species tend to exhibit dis-
crete responses of synthesis of substances to available nutrients, keeping their chemical composition with slight
fluctuations.

A wide range of variation in the content of hydrosoluble protein in the green algae U. fasciata and C. anten-
nina agrees with the variations in tissue nitrogen throughout time, with accumulation of nitrogen in some pe-
riods as protein. The occurrence of very “flexible” protein content in those seaweeds points to the capability of
them to respond to rapid environmental changes. Fleurence [76] points that protein contents in Ulva typically

vary from 10% to 26% d.w.
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The high concentrations of total carotenoid found in this study (normally higher than 50% of the chlorophyll
content) points to the role of carotenoids as shields to protect the photosystems [77]. The presence of different
quantities and kinds of pigments (chlorophyll, carotenoids, phycoerythrin) in G. griffithsiae results in a high ca-
pacity to absorb light in virtually all visible light. The diverse pigments of the red alga may favor the species to
occupy microhabitats not directly exposed to light in rocky shores, under shadows of large rocks or in crevices.
G. griffithsiae is found in these microhabitats at Bananal Inlet. In this context, the species could have competi-
tive advantages for not exposing itself to high intensities of light. Presumably, G. griffithsiae shows an efficient
apparatus for light absorption. The presence of accessory pigments could account for the lower concentrations of
chlorophyll in G. griffithsiae compared to the other species.

Remarkable oscillations in pigment content were recorded in Ulva fasciata and they seem to be related to the
loss of pigments in certain periods of the year, as a consequence of partial loss of thalli due to excessive desicca-
tion. Intertidal seaweeds experience extreme conditions of heat in tropical environments, which may affect their
morphological features [78]. As a foliose alga that occupies the mid-littoral area, U. fasciata is particularly ex-
posed to high temperatures. This factor is apparently less important in C. antennina, which inhabits places under
direct wave action and permanently in contact with seawater in movement. Moreover, arguments relative to life
cycle of the species (not assessed in this study) are also potentially relevant, especially for U. fasciata, which
suffers a population decline in summer due to phenological processes in the region [51]. The apparent biomass
fluctuations observed for U. fasciata (with lower biomass in summer) were similar in both environments, sug-
gests that abiotic factors such as light and temperature might be as important as dissolved nutrients to affect the
chemical composition of the species, as demonstrated for Gracilaria tikvahiae [59]. Gymnogongrus griffithsiae
also presented significant changes in the concentrations of photosynthetic pigments (less than U. fasciata) and
loss of thalli in samples collected at Itapuca Stone, after periods of strong heat. The exposure of seaweeds to
high irradiation in summer could account for the lower contents of chlorophyll recorded for G. griffithsiae and U.
fasciata due to loss of tissues. Aguilera et al. [14] recorded this same trend for Porphyra umbilicalis from the
North Sea, with loss of chlorophyll after periods of intense heat.

5. Concluding Remarks

Changes in the concentrations of total protein, hydrosoluble protein, total carbohydrate, chlorophyll a, total ca-
rotenoid, tissue nitrogen and tissue phosphorus in Chaetomorpha antennina, Gymnogongrus griffithsiae and
Ulva fasciata were predominantly small or absent in the two sampling sites. No clear cyclic variations through-
out time were detected for the substances measured in the seaweeds, except for pigments, which showed de-
clines at the end of summer months. Dissolved nutrients are available in higher concentrations to seaweeds at
Itapuca Stone, where they possibly achieve permanent saturating levels for the seaweeds. Concentrations of dis-
solved nitrogen and phosphorus at Bananal Inlet seem to be always high enough to supply the metabolic de-
mands of the seaweeds for synthesis of organic substances and growth, with no evidence of nutrient limitation
throughout the year.
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