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Estuarine nursery under environmental stress with
emphasis on the benthonic microalgae community.
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ABSTRACT: Estuarine nursery under environmental stress with emphasis on the benthonic
microalgae community.  In the Favela do Caranguejo a poor community on the Capibaribe
River estuary is  a f ish farming nursery where bio logical  data were col lected for
ident i fy ing and quant i fy ing benthonic a lgae,  b iomass,  phaeophyt in ,  and pr imary
production. Biomass represented by chlorophyll “a”, showed slower daily growth in
the rainy season than in the dry season, when two biweekly cycles of fast intense
biomass accumula t ion were recorded.  There were in tense pu lses in  the f i rs t
successive stages, in both periods (dry and rainy), typical of an environment under
intense physical and chemical variations, causing communities frequent stress.
Key-words: Benthic algae, eutrophication, environmental stress.

RESUMO: Viveiro estuarino sob estresse ambiental com ênfase na comunidade microalgal bentônica.
Na Favela do Caranguejo,  local izada às margens do estuár io do Rio Capibar ibe,
encontra-se um viveiro de piscicultura onde foi realizada a presente pesquisa. Para
este trabalho, foram coletados dados biológicos como identif icação e quantif icação
das algas bentônicas, biomassa, feofit ina e produção primária. A biomassa expres-
sa através da clorofila “a”, teve um crescimento diário mais lento na estação chuvo-
sa que na estação seca, quando dois ciclos quinzenais de rápida e intensa acumula-
ção de biomassa foram encontrados.  In tensos pulsos na produção pr imár ia nos
primeiros estádios da sucessão foram registrados, em ambos os períodos (seco e
chuvoso), o que caracteriza um ambiente sujeito a intensas variações físico-químicas,
submetendo as comunidades biológicas a freqüente estresse.
Palavras-chave: Algas Bentônicas, eutrofização, estresse ambiental.

Introduction

Most industrial projects and urban expansion are almost always accomplished
without any pr ior study of their  environmental impact,  even less on measures to
contain or to minimize their impact on the environment.

An example of this environmental degradation is the state of the River Capibaribe
estuary (Pernambuco, Northeastern, Brazil) , which, in spite of its social, economical,
and cultural importance and for dividing the city of Recife, it receives considerable
amounts of industrial and domestic eff luent from both the urban zone and several
sites up river.

Communities attached to submerged surfaces are of fundamental importance in
understanding the metabol ism of aquat ic ecosystems, as per iphyt ic a lgae and/or
benthonic microalgae can represent up to 80 to 90% of the total primary productivity
in shallow water (Wetzel, 1990). The attached community accumulates large quantities
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of pollutants, such as insecticides, herbicides, radioactive elements, heavy metals,
organic pollutants (Wetzel, 1983 and 1990; Stevenson et al.,1996)

The benthon ic  communi ty  is  cont ro l led by env i ronmenta l  condi t ions wi th
var ia t ions in  composi t ion and species d ivers i ty ,  and physio logica l  changes l ike
abiot ic factors (Chamixaes, 1991) .  Less attent ion has been paid to the effects that
multiple disturbances have on ecosystems and organisms although many suffer the
impacts of these multiple disturbances and other stressors (Paine et al. , 1998).

This study is important because there is a growing interest in the role of the
microbenthonic community as a pr imary producer in aquat ic ecosystems and i ts
ecological role affecting the distribution of plants and animals; it is also an excellent
bio-indicator of water quality and provides food and shelter for several organisms.

Study area

The fish nursery farm where this work was performed is in the Favela do Caran-
guejo in the Afogados neighbourhood of Recife, Pernambuco. It is on the edge of the
Capibaribe river’s tidal estuary between 08º04' and 08º05’S and 34º54' and 34º55’W
(Fig. 1) . The estuarine nursery is a semi-confined water mass occupying an area of
approximately 1.52 hectares with a volume of 3,560m3 and an average depth of 1.0m,
where fish such as Mugilidae (e.g.Tainha, Curimã, Carapeba, Sauna, etc) are cultivated.

According to Silvestre (1997), the annual characteristics of the water in the nursery
range f rom:  25 .0  to  29 .0 °C ( temperature ) ;  pH 7 .4  –  8 .9 ;  8 , 160 to  >20 ,000µS.cm - 1

(conductivity) ;  >10.0mgO 2.L
- 1 (biochemical oxygen demand); not detected to 19.0mgN.L - 1

( tota l  n i t rogen) ;  0 .2 to 0.5mgP.L - 1  ( tota l  d issolved phosphorus) ;  0 .12 -  0 .23mgAl .L - 1

( a lumin ium) ;  <0 .0003 to  0 .04mgPb.L - 1  ( lead ) ;  0 .03 to  0 .05mgZn.L - 1  ( z inc ) ;  0 .02 to
0.03mgMn.L - 1 (manganese); 0.01 to 0.03mgCr.L - 1 (chromium), and 0.22 to 0.28mgFe.L - 1

( i r on ) .
Average air temperature in the study area was 24.1°C and 26.2°C in the rainy and

dry seasons, respectively. The precipitation reached an average of 11.1mm/day in the
rainy season, and 2.9mm/day in the dry season.

Figure 1:  Part ia l  aer ial  view of Recife,  showing Capibar ibe r iver (1 )  located at Favela do Caranguejo;

the r iver  arm (2 )  and the f ish farming nursery (3 ) .  Scale:  1 : 10,000.  (Source:  F IDEM) .
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Capibar ibe River crosses several  urban nucle i  in the downstream stretches
near the sea;  severa l  indust r ia l  p lants are present  in  the watershed and,  in  the
metropolitan area of Recife, and the river receives domestic sewage. All the residues
of  indust r ia l  pol lu t ion are d ischarged in to the r iver ,  most  of  them are s tored in
sediments. Since the nursery is closely associated with the river, it is submitted to
all pollutants entering the water.

Material and methods

Field collection

Microscope g lass s l ides were used for  colonizat ion and observat ion of  the
succession occurring in the benthos, and to determine the primary production and
biomass in the same space and time.

Glass sl ides were placed in polystyrene (PET) barred boxes to protect them
from grazing by large predators l ike shrimps, crabs, and fishes. These boxes were
anchored to the bottom of the fish nursery by nylon lines. Samples were taken after
02, 04, 07, 09, 11, 14, 16, 18, 23, 30, 37, and 44 days (T2, T4, T7, T9, T11, T14, T16, T18,
T23, T30, T37, and T44, respectively). At each harvest, eight colonized slides were
selected and water was sampled for physical and chemical analysis. This experi -
mental procedure was made in the rainy (June and July, 1997) and dry (January and
February, 1998) seasons.

Benthonic Microalgae Analysis

Benthonic microalgae were collected from the Favela do Caranguejo fish nursery,
f ixed with formol to 2,0%neutral ized with borax, and ident i f ied by microscope at
100x.

For the quantitative analysis, 2.0ml of acetic lugol solution was added to samples.
Benthonic algae counting was performed in an inverted microscope by the Utermöhl
(1958) method modified by Chamixaes (1991).

Organ ism quant i f i ca t ion was by the count  method for  random f ie lds ,
recommended for populat ions with clumped distr ibut ion (Uhel inger,  1964; Bicudo,
1990) .

The minimum number of counting fields was determined by the graphic method
of curve stabilization obtained by starting from added species with increase of shown
area (Boudoresque, 1971), 60 fields were deemed adequate.

The benthonic algae biomass is the chlorophyl l  “a”  quant i ty in the samples,
determined by the Lorenzen (1967), monochromatic method modified for substratum
area by Chamixaes (1991). The primary benthonic algae production was measured by
the dissolved oxygen evolution method (Gaarder & Gran, 1927), modified by Chamixaes
(1991) .  Total  organic product ion (TOP) was est imated by the mgO2 x 0.375 = mgC
(Vol lenweider ,  1969) .  Ass imi la t ion ra te  (AR)  o f  the f ish nursery benthonic  a lga l
community was calculated by the Vol lenweider et  a l .  ( 1969) method modif ied by
Chamixaes (1991). The following equation was used:

mgC. cm -2 .h - 1

        AR =———————————                   (in mgC.mgChla-1.h -1)
                  mgChla. cm-2

Results

Figure 2 shows the variations in benthonic microalgal community growth in the
Favela do Caranguejo fish farm nursery. There was very intense growth in the first 15
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days of  the dry season,  fo l lowed by an abrupt  fa l l  in  dens i ty ,  probably  due to
substratum saturat ion. In the rainy season, there was less growth over the whole
exper imental  per iod.
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Figure 2:  Benthonic  microa lgae densi ty  (ce l ls .cm - 2 )  dur ing succession in the ra iny and dry season

at  Favela do Caranguejo f ish nursery ,  Reci fe ,  Pernambuco,  Braz i l .

In the rainy season, the benthonic algal biomass growth curve was of sigmoid
type, with the exponential growth phase from the beginning of colonization to the 9 th

exhibition day; this was followed a stationary phase until approximately the 30th day
(Fig. 3) .  However in the dry season, the microalgal community presents a “J” type
growth curve, with the biomass exponential ly increasing up to the 18 th day, fal l ing
soon after, growing again and then falling at the end of experiment (Fig. 3).
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F igure  3 :  B iomass  i n  t e rms  o f  ch lo rophy l l  “ a ”  (µg. c m - 2 )  i n  t he  ben thon ic  m ic roa lgae  commun i t y

dur ing  success ion ,  in  the  ra iny  and dry  season a t  Fave la  do Carangue jo  f i sh  nursery ,

Reci fe ,  Pernambuco,  Braz i l .

Dur ing the ra iny season,  chlorophyl l  “a ”  ranged f rom 0.05µg.cm -2  on T2,  to
0.88µg.cm -2 on T44 (Table I). During the dry season, no chlorophyll was detected at
T2, but biomass was 2.52µg.cm -2 at T38 (Table II). Phaeophytin varied from 0.02µg.cm -2

at T2 to 3.61µg.cm -2 at T44 in the rainy season; it was not detected at T2, and attained
3.88µg.cm -2 at T16 in dry season (Tables I and II); phaeophytin increased during both
seasons .

Gross primary productivity (GPP) in the fish nursery varied in the rainy season;
it dropped from 0.0179mgO 2.cm -2 on T2 to 0.0055mgO 2.cm -2 on T37 (Table I) . In the
dry season, it was 0.0077mgO 2.cm -2 on T14, and 0.0210mgO 2.cm -2 on T16 (Table II ) .
GPP began with an intense fluctuation in both seasons, but after the 23rd day of the
dry season no significant change was observed.

Net  pr imary product iv i ty  (NPP) ,  dur ing the ra iny season ranged f rom
0.0009mgO 2.cm -2,  on T7 to 0.0136mgO 2.cm -2 on T23; in the dry season, i t  dropped
from 0.0161mgO2.cm -2 on T16 to 0.0005mgO2.cm -2 on T44 (Tables I and II). Total organic
production (TOP) abrupt dropped from 0.8790mgC.h - 1.cm -2 on T23 to 0.1662mgC.h -1.cm - 2

t4t2 t7 t9 t11 t14 t16 t18 t23 t30 t37 t38 t44

rainy season           dry season                              exposure time (days)

rainy season           dry season                              exposure time (days)

t4t2 t7 t9 t11 t14 t16 t18 t23 t30 t37 t38 t44t0
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on T37 in the rainy season, and in the dry season, it dropped from 0.7430mgC.h -1.cm -2

on T2 to 0.2327mgC.h - 1.cm -2 on T14 (Tables I and II ) .  During the rainy season, TOP
was at its highest on T23 and lowest on T37; this could indicate that the community
reached a peak condition and then began to decline. There is a similarity between
TOP and biomass growth curve in the rainy season, when TOP grew up to the 23 rd day
and then fe l l ,  and b iomass grew unt i l  the  30 th  day and then decreased.  Such
relationships were not seen during the dry season (Table II ) . Breathing activity (BA)
var ied through the ra iny season dropping f rom 0 .0227mgO 2 . cm - 2  on  T14  to
0.0015mgO2.cm -2 on T44; and in the dry season, it varied from 0.0033mgO2.cm -2 on T7
to 0.0138mgO 2 .cm -2  on T9 (Tables I  and I I ) .  Ass imi la t ion ra te (AR)  of  microbiota
benthonic algal ranged from 10.8200mgC.mgChla- 1.h - 1 on T2 to 0.3264mgC.mgChla - 1.h - 1

on T14 in the rainy season; in the dry season, it was not detected, in the 2nd day and
was up to 3.2681mgC.mgChla - 1.h - 1 on T4.

Table I : B iomass in  te rms o f  ch lorophy l l  “a ”  and phaeophyt in ,  g ross  (GPP)  and net  (NPP)  p r imary

p roduc t i v i t y ,  t o t a l  o rgan ic  p roduc t ion  (TOP ) ,  and  b rea th ing  ac t i v i t y  (BA )  o f  ben thon ic

microalgae at  Favela do Caranguejo f ish nursery dur ing the ra iny season.

Table  I I :  B iomass in  te rms of  ch lorophyl l  “a ”  and phaeophyt in ,  g ross (GPP)  and net  (NPP)  pr imary

p roduc t i v i t y ,  t o t a l  o rgan ic  p roduc t ion  (TOP ) ,  and  b rea th ing  ac t i v i t y  (BA )  o f  ben thon ic

microalgae at  Favela do Caranguejo f ish nursery dur ing the dry season.

GPP= gross pr imary product iv i ty ;

NPP= Net  pr imary product iv i ty ;
TOP= to ta l  organic  product ion ;

BA=  b rea th ing  ac t i v i t y

Sample 

time (day) 

Chlorophyll a 

(µg/cm2) 

Phaeophytin 

(µg/cm2) 

GPP 

(mgO2/cm2) 

NPP 

(mgO2/cm2) 

TOP 

(mgC.h-1.cm-2) 

BA 

(mgO2/cm2) 
T2 ND ND 0.0082 0.0016 0.7430 0.0066 

T4 0.16 0.00045 0.0173 0.0132 0.5229 0.0040 

T7 0.33 0.36 0.0129 0.0095 0.3899 0.0033 

T9 0.47 0.98 0.0126 0.0031 0.3808 0.0138 

T11 0.97 0.55 0.0176 0.0079 0.5320 0.0097 

T14 1.46 0.33 0.0077 0.0034 0.2327 0.0042 

T16 2.33 3.88 0.0210 0.0161 0.6347 0.0049 

T18 2.38 1.47 0.0126 0.0025 0.3808 0.0100 

T23 0.85 1.53 0.0185 0.0082 0.5592 0.0104 

T30 2.25 1.08 0.0128 0.0065 0.3869 0.0063 

T38 2.52 1.15 0.0151 0.0028 0.4564 0.0123 

T44 1.63 1.71 0.0102 0.0005 0.3083 0.0097 

 

Sample 

time (day) 

Chlorophyll 

a (µg/cm2) 

Phaeophytin 

(µg/cm2) 

GPP 

(mgO2.cm-2) 

NPP 

(mgO2.cm-2) 

TOP 

(mgC.h-1.cm-2) 

BA 

(mgO2.cm-2) 
T2 0.05 0.02 0.0179 0.0133 0.5410 0.0046 

T4 0.32 0.08 0.0158 0.0131 0.4776 0.0026 

T7 0.42 0.27 0.0073 0.0009 0.2206 0.0065 

T9 0.62 1.09 0.0087 - 0.2630 0.0104 

T11 0.51 0.95 0.0158 0.0031 0.4776 0.0128 

T14 0.75 1.47 0.0081 - 0.2448 0.0227 

T16 0.67 1.73 0.0137 0.055 0.4141 0.0082 

T18 0.54 1.31 0.0119 0.0056 0.3600 0.0063 

T23 0.69 0.67 0.0291 0.0136 0.8790 0.0155 

T30 0.39 1.49 - - - 0.0170 

T37 0.37 1.49 0.0055 - 0.1662 0.0111 

T44 0.88 3.61 0.0135 0.0120 0.4080 0.0015 
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Three classes of microalgae were found in the Favela do Caranguejo fish nursery:
Cyanophyceae, Chlorophyceae, and Bacil lariophyceae (Figures 4 and 5). During the
rainy season, Diatoms (Bacillariophyceae) were dominant throughout the succession,
always corresponding to more than 65% of algal populat ions in the samples, and
representing more than 90% on T2, T11, T16, T18 and T30 (Figure 6). At this time of the
year, the main diatom found in the benthonic microalgal community was Navicula
agnita. Green algae (Chlorophyceae) had some representatives until T21, notably the
Closter ium sp species.  Cyanophyceae was better represented, star t ing f rom T23,
the main species being Lyngbya sp.

Figure 4: Algae Relat ive density (%) during succession, in the rainy season at Favela do Caranguejo

f ish nursery ,  Reci fe ,  Pernambuco,  Braz i l .

Figure 5: Algae Relat ive densi ty (%)  dur ing succession in the dry season at  Favela do Caranguejo

f ish nursery ,  Reci fe ,  Pernambuco,  Braz i l .

Figure 6 :  Ma in  mic roa lgae spec ies  dens i ty  (ce l l s .cm - 2 )  dur ing  success ion ,  in  the  ra iny  season a t

Favela do Caranguejo f ish nursery ,  Reci fe ,  Pernambuco,  Braz i l
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However in the dry season, the f i rst step was dominated by Chlorophyceae,
mainly Closterium sp representing almost 80% of the benthonic microalgal population
on T4 (Fig. 7). After T7 there was alternating dominance between Cyanophyceae and
Bacil lariophyceae, but the Cyanophyceae, even when dominate, never represented
more than 65% of the microalgae. From these, the main species, in terms of density
were Lyngbya sp and Spirul ina sp but Baci l lar iophyceae represented over 90% of
the benthonic microbiota algal in the nursery on T18 and T30. The diatom species
with higher frequency in the dry season were Amphora exigua, Cyclotella meneghiniana
and Navicula agnita.

F igure  7 :  Ma in  m ic roa lgae  spec ies  dens i t y  ( ce l l s . cm - 2 )  du r i ng  success ion  i n  the  d ry  season  a t

Favela do Caranguejo f ish nursery ,  Reci fe ,  Pernambuco,  Braz i l .

Discussion

The metabolic processes of the benthonic microalgae community in the Favela

do Caranguejo fish farm nursery are very quick. This was due to two factors: the high

contribution of nutrients in the nursery, and the fact that the benthonic community

was in direct contact with the sediment, where there is larger nutr ient deposit ion,

also seen by the high benthonic microalgal assimilation rate. Autotrophic cells grow

more rapidly in the presence of ammonium than nitrate. Thompson et al. (2002) and

Li et al .  (1990) noted that, in presence of ammonium growth rate is double that of

controls. Eutrophication can be accelerated if the main form of exported nitrogen is

ammonium and can be reduced in the water bodies by effective phosphate uptake

(McCle l land & Val ie la  1998) .  The input  o f  sewage in  th is  nursery cont r ibutes to

ammonium load ,  and s ince there  was low phosphate  uptake ,  eu t roph ica t ion is

accelerated.

The degradation processes are also intense, since the phaeophytin levels soon

overtook the chlorophyll, starting from the 9 th day in the rainy season, and from the

7 th in the dry season.

St ress is  wel l  ident i f ied when examin ing communi ty  s t ructure and species

succession than when expressed through standing-stock in chlorophyl l  “a” or cel l

density (Chamixaes, 1991). The role of physiological stress in structuring communities

may be greater in warmer climates (Bertness et al., 1999).

In an experiment to create a mature benthonic microalgal community, Thompson

et al. (2002) found maximum chlorophyl l  “a “ ( 11 .39µg.cm -2 )  af ter 14 days exposure.

In the macrocosm experiment with the benthonic microalgal community of Favela do
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Caranguejo f ish farm nursery, the maximum Chlorophyl l  “a“ was detected in rainy

season after 14 days (0.75 µg/cm2)  and after 16 days (2.33µg/cm2)  in dry season. In

field and laboratory experiments, the time to obtain a mature biofilm is approximately

the same as observed by many authors (Silvestre 1994; Gould & Gallagher,1990) for

lent ic ecosystems.

Thompson et al. (2002) observed an increase in Chlorophyll “a” concentration

even in the tanks with mature biof i lm af ter 28 days of substrate exposi t ion.  The

increase of Chlorophyll “a” after establishing a mature biofilm in the first life cycle (0

to 28 days) ,  represents a secondary succession process in this nursery and was

recorded after 44 days of experiment in both seasons.

There was no net primary productivity on some days in the rainy season; this

can be an indication of high heterotrophic activity, consuming all the oxygen surplus

produced by the autotrophic organisms of the nursery benthonic biota. I t  can st i l l

indicate anoxia periods in the sedimentary layer, even during the day. In pol luted

estuar ies oxygen concent ra t ions fa l l  and can become anaerobic  under  ex t reme

condi t ions (Perk ins ,  1974) ,  caus ing in tense f ish mor ta l i ty .  Ex t reme changes in

environmental factors like salinity, temperature, and nutrients can induce low growth

and performance of algae (Erick & Azanca, 2002).

In the rainy season, assimilation rate was higher than the dry season because

the experiment was performed in a shallow ecosystem (less than 1m depth) and the

precipi tat ion,  in spi te of  d i lut ion,  promotes displacement of  the water mass and

causes l ixiviat ion on the edges. Also the presence of stronger winds can cause a

more nutrient to be liberated, released from sediment into the water column and thus

improving nutrit ional conditions for autotrophic organisms. This fish farm nursery is

a eutrophic system in all the physical, chemical, and biological characteristics and

therefore has low diversity.

The presence of the benthonic algae species in this nursery denotes a typical

estuarine flora resistant to domestic and industrial pollution, and thus are excellent

bio- indicators (Moreira Fi lho & Valente-Moreira 1981; Branco 1986),  to character ize

an estuary under threat from humans (Table III ) .

Species 1 2 

Amphora angusta Sea, coast, epiphyte, euryhaline - 

A. exigua Sea, coast, euryhaline - 

Cocconeis dirupta Sea, coast, epiphyte - 

Coscinodiscus 
excentricus 

Sea, coast, polyhaline, euryhaline, 
tycoplanktonic 

- 

C. radiatus Sea, planktonic, neritic - 

Cyclotella meneghiniana Limnetic, coast, oligohaline, halophyla. - 

Fragilaria pinnata Limnetic, coast, oligohaloby, oligosaproby - 

Melosira moniliformis Salobra, sea, coast - 

Navicula cryptocephala Limnetic, alkaliophyla, oligosaproby Resistant to industrial pollution 
from paper factory residues, 

phenol, etc. 

Closterium sp - This genera are particularly 
resistant to spillings rich in 

chrome 

Lyngbya sp - This genera is characteristic of 
polluted waters and can 
produce cyanotoxines 

Pediastrum tetras - Grow well in waters polluted by 
paper industrial spillings which 

are toxic to most algae 

 Sources:  1 -Moreira Fi lho & Valente-Moreira ( 1981 )  and 2-Branco (1986) .

Table III: Species found in the Favela do Caranguejo f ish farm nursery and their ecological meaning.
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The biofilm was dominated by diatoms that occurring in the first 2 days of the
experiment (Thompsom et al., 2002). In the rainy season (Silvestre, 1997), there were
slower growth rates with diatom dominance, and in the dry season, growth rates
were faster with green algae dominance.

Contrary to expectat ion, biof i lm removal can increase the r isk of pathogenic
bacteria development in tanks with biof i lm export ing less phosphorus (Thompsom
et al., 2002).

Cons ider ing organ ism seasona l i ty ,  there  are  poor  methods for  combat ing
epiphytes (pest weed and epiphytic algae), herbivory, and diseases (Ask 1999). As
emphasized in this paper the ecophysiology of the epiphytic community can help
e luc idate seasonal  growth pat terns to  combat  s t ress and d isease on b io log ica l
cultures (e.g. f ish) .

Conclusions

From the results in this study of benthonic microalgae succession at the Favela
do Caranguejo fish farm nursery, Recife, Pernambuco, Brazil, it was concluded that:

a)  The benthonic microalgae biomass growth curve at Favela do Caranguejo
nursery was of the sigmoid type in the rainy season, and “J”  type in dry season,
ind ica t ing h igher  growth ra tes  in  the dry  season;  b )  The h igh phaeophyt in
concent ra t ions before  ha l fway in  the subst ra ta  exh ib i t ion t ime ind ica te  ear ly
senescence of the benthonic algal community; c) The community metabolism of the
Favela do Caranguejo nursery was accelerated due to factors such as high temperature,
h igh pH,  h igh nut r ien t  read iness ,  and h igh ass imi la t ion ra te ;  d )  D ia toms
(Baci l lar iophyceae)  were dominant dur ing the ra iny season and blue-green algae
(Cyanophyceae) during the dry season; e) This ecosystem is an eutrophic environment,
and env i ronmenta l  s t ress causes communi ty  reduct ion in  te rms of  b iomass ,
production, and species diversity when compared to other similar ecosystems.
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