
The rotifer Brachionus plicatilis (O.F.
Müller,1786) is a cosmopolitan species (Walker
1981) commonly used to rear fish larvae, which
explains the widespread interest on this organism.
However, most publications refer to laboratory
experiments and only a few to natural environ-
ments (Walker 1973, 1981). Some aspects studied
are: nutrition (Vadstein et al. 1993, Yúfera and
Navarro 1995), physiology (Epp and Winston
1978, Miracle and Serra 1989), reproduction
(Lubzens et al. 1993, Carmona et al. 1995) and
genetic variability aspects among populations
(Serra and Miracle 1987).

Because B. plicatilis tolerates large varia-
tions in environmental conditions as an osmo-
conformist (Epp and Winston 1977), it is dom-
inant in some stressed environments, such as
Barra Lagoon (Arcifa et al. 1994).
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Abstract:  Secondary production, density and biomass fluctuations, and some reproductive aspects of the rotifer
Brachionus plicatilis were studied weekly  for two years in a Brazilian coastal lagoon. Food (and secondarily
temperature) seemed to be the main factor involved in the summer increments. In the first summer, a mass mor-
tality of fish caused changes in the phytoplankton, which switched from the dominance of Cyanophyceae to
Chlorophyceae and other groups. For two months, production, density and biomass were relatively high until the
recovery of the Cyanophyceae dominance. In the second summer, peaks of shorter duration and higher values
of production, in comparison to the first one, were found. The contribution of resting eggs hatching, in the first
summer, and the increment in parthenogenetic reproduction, in the second summer, would account for the pop-
ulation increases observed. Males and mictic females occurred when densities were high.

Key words: Coastal lagoon, zooplankton, Brachionus plicatilis, secondary production, mictic phase,  South
America.
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Zooplankton composition and fluctua-
tions in Barra Lagoon were studied from
December 1990 through August 1993, and
were partially published (Arcifa et al. 1994).
The present paper focuses on secondary pro-
duction, density and biomass fluctuations,
egg production, and appearance of males and
mictic females of Brachionus plicatilis, from
December 1990 to May 1992. 

MATERIALS AND METHODS

Barra Lagoon (22º57’ S, 42º47’ W) is part
of a coastal lagoon system, the Maricá System,
located in Rio de Janeiro State, Brazil. Due to
the influence of the sea and freshwater sources,
salinity varies from 3 to 12 ‰ in this lagoon.
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Data presented here refer to the period from
December 1990 to May 1992 and are part of a
zooplankton study in Barra Lagoon. The study
was divided into Period I (December/90 -
June/91) and Period II (October/91 - May/92).

Samples were taken weekly from one sta-
tion with an electric bilge pump, delivering 30
l/min, and the water (210 l) was filtered
through a 60 µm mesh net. Samples were pre-
served in 4 % formaldehyde.

Zooplankton organisms were counted in 1
ml subsamples in a counting chamber until
attaining at least 60 individuals, as recom-
mended by McCauley (1984). Two forms (1
and 2) were identified and counted separately.

Brood size was evaluated by counting the
eggs of 30 randomly chosen egg-bearing
females per sample.

Wet weight biomass was estimated
through biovolume, based on the geometric
form of the organism, considering density as 1
(McCauley 1984) and dry weight as 10 % of the
wet weight (Doohan 1973). A total of twenty indi-
viduals was measured.

Secondary production was calculated with the
equation proposed by Rigler and Downing (1984).

RESULTS

Densities and number of eggs of B. pli-
catilis were low during December 1990
(Period I) (Fig. 1). In January 1991, the num-
ber of eggs increased, but high densities (2774
ind/l) occurred only after a fish mortality in

TABLE 1

Occurrence and  average length and biomass of the two Brachionus plicatilis forms from December 1990 to May 1992.

I        II Length ± s (µm) N=20 Biomass ± s (µg) (dry weight) N=20
Rotifera  B.  plicatilis

Form 1 +        + 116.72 ± 10.32 0.035 ± 0.009
Form 2 +         - 171.99 ± 12.05 0.113 ± 0.040

I = Period I, II = Period II; + = present, - = absent

Fig. 1. Population and egg densities of Brachionus plicatilis, from December 1990 to May 1992. (M = fish mortality, 
I = Period I, II = Period II).
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February 9 to 13. In March, after a decrease to
ca. 1000 ind/l, population density increased
again, reaching 7440 ind/l. In April, a drop to
1000 ind/l was followed by a new population
growth, resulting in densities of 3700 ind/l. At
the end of this month, density decreased again
to 280 ind/l. In this phase (February - April/91)
a new larger form of B. plicatilis, Form 2,
occurred (Table 1).

From February to April 1991, in compari-
son with the high densities (Fig. 1) and biomass
(Fig. 2), secondary production of the two forms
was relatively low (maximum of ca. 60 µg/l/day)
(Fig. 3). Egg production was also low as indicat-
ed by the biomass values of egg-bearing females
and brood size, which hardly exceeded 1 (Fig.
2). In May, densities (Fig. 1), biomass (Fig. 2),
and secondary production (Fig. 3) were low.

Fig. 2. Biomass of Brachionus plicatilis females, with and without eggs, and average brood size from December 1990 to
May 1992. (M = fish mortality, I = Period I, II = Period II).

Fig. 3. Secondary production of Forms 1 and 2 of Brachionus plicatilis, from December 1990 to May 1992. 
(M = fish mortality, I = Period I, II = Period II).
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Period II was also characterized by high
B. plicatilis densities and biomass, in summer
(December/91 - February/92) (Figs. 1 and 2).
The high density of December (8375 ind/l)
was followed by a sharp decrease to 208 ind/l.
In January, population increased to 2036 ind/l
and dropped again to ca. 200 ind/l. In
February, a new peak of 7659 ind/l was record-
ed but, by the end of the month, density
dropped to 108 ind/l. In Period II densities
were higher than those of Period I, but bio-
mass was lower, due to the absence of Form 2.

The number of eggs/l was higher in the
second period than in the first one (Fig. 1),
resulting in a higher secondary production
(Fig. 3). The contribution of egg-bearing
females and brood size were also higher in
Period II than in Period I (Fig. 2).

Statistically significant inverse Spearman
rank correlation was found between number of
eggs and Cyanophyceae densities during
Period I (r = -0.52; n = 24; P = 0.01) and also
between salinity and B. plicatilis density dur-
ing Period II (r = -0.36; n = 32; P = 0.04). Other
correlations between number of eggs and some

TABLE 2

Month average values of salinity, temperature, 
and phytoplankton density in Periods I and II. 

Salinity Temperature Phytoplankton
(‰) (ºC) (ind x 106/ml)

P I 
Dec/90 4.3 29.8 0.52
Jan/91 4.6 27.3 1.15
Feb 5.0 28.6 0.16
Mar 6.3 28.2 0.36
Apr 3.2 26.4 0.44
May - - 0.88

P II
Oct 4.6 26.1 0.98
Nov 5.0 26.5 1.28
Dec 6.0 28.2 1.10
Jan/92 7.5 28.4 0.87
Feb 8.0 28.0 0.92
Mar 9.1 27.8 0.83
Apr 11.5 26.7 0.90
May 11.6 25.1 1.10

(Sources:  Carmouze et al.  1994a, Domingos et al.  1994,
unpublished, Bernardes 1995).

factors, such as temperature, salinity,
Chlorophyceae, Cyanophyceae, and between
B. plicatilis density and Cyanophyceae,
Chlorophyceae and temperature, were not sta-
tistically significant.

Males and mictic females were found in
samples during peaks of population density, in
both periods (Fig. 1).

DISCUSSION

Comparing Periods I and II, common fea-
tures were the increase in density, biomass,
and production of Brachionus plicatilis during
summer, the occurrence of males and mictic
females, and a brood size of one egg/female
during the population peaks. Other features,
such as number of eggs/l, ovigerous female:
non-ovigerous female ratio, production and
biomass values, and the duration of the sum-
mer peaks differed in both periods.

The average temperatures were relatively
high during the whole study period (Table 2),
reaching peaks of 300C during summer. This
fact would favour the rotifer population growth
in this season, as it is known that higher temper-
atures promote an increase in population
growth, egg production rates, and fertility of B.
plicatilis (King and Miracle 1980, Snell 1986,
Miracle and Serra 1989, Serra et al. 1994).

It is possible, however, that food might
be the main factor promoting population and
production increases in the lagoon. The mass
mortality of fish, in February 1991 (Period I),
was responsible for changes in abiotic and
biotic factors (Carmouze et al. 1994a, b;
Domingos et al. 1994). In the phytoplankton,
the dominant small Cyanophyceae (2.4 µm) -
Synechocystis aquatilis f. salina and
Synechococcus elongatus - were initially
replaced by Chlorophyceae, such as Chlorella
vulgaris var. autotrophica and C. minutissima
(5.5 µm), and later also by Prasinophyceae,
Bacillariophyceae, Cryptophyceae, and
Dinophyceae. Chlorella, and part of the
other algal groups possibly favoured the
maintainance, for two months, of high densi-
ties, biomass, and production of Brachionus
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plicatilis, whose decrease coincided with the
recovery of the same former Cyanophyceae, in
April (Domingos et al. 1994).

Chlorella has been more successfully used
for rearing this rotifer than Synechococcus
(e.g. Snell 1986, James and Abu-Reseq 1988,
Lubzens et al. 1993). Species of the latter, as
well as Cyanophyceae in general, are consid-
ered a low-quality food, deficient in essential
highly unsaturated fatty acids (DeMott and
Müller-Navarra 1997, Gulati and DeMott
1997). The small size of Synechococcus and
Synechocystis could also be inadequate, as
preferences for particles in the range of 3 to 10
µm were reported for B. plicatilis (Spittler and
Cruz S. 1988, Andres 1996).

Increases in density, biomass, and produc-
tion in the summer of Period II are more diffi-
cult to explain based on phytoplankton compo-
sition, as it was dominated by the same small
Cyanophyceae. But the duration of the peaks
was shorter, suggesting suitable but ephemeral
conditions, not related to phytoplankton.
Possibly, other food resources were exploited.

The decrease of the average brood size to
one egg/female, in both periods, coincided with
population increases. In Period I, high total
zooplankton densities, resulting in higher graz-
ing pressure, seemed to be responsible for con-
trolling phytoplankton growth, in spite of abi-
otic suitable conditions, including nutrients
(Arcifa et al. 1994). Even so, relatively high
algal densities and biomass were reported - 2.0-
3.8 x 105 ind.ml-1 and 2-6 mgC.l-1, respectively
(Domingos et al. 1994), making unlikely a lim-
iting resource for the rotifer growth or a nega-
tive influence on its life table parameters. It is
more plausible that a density-dependent control
mechanism of the B. plicatilis population
occurred, in this period, as well as in Period II.

It is probable that the appearance of males
and mictic females, at the time of high rotifer
densities, in both periods, has been caused by
overcrowding, according to observations made
in experiments (Pourriot and Snell 1983, Snell
and Boyer 1988, Lubzens et al. 1993), and in
the field (Walker 1973).

Taking into account both the relatively
low number of eggs/l and of egg-bearing
females, from February to April 1991, in
Period I, it is reasonable to suppose that the
contribution of resting eggs hatching of both
rotifer forms was fundamental for the high
population densities attained at that time.
Resting eggs, mixed with mollusc fecal pel-
lets, were found two months before the start of
the rotifer increase. The hatching of resting
eggs is related to organic matter photolysis by
UVB rays, producing OH and resulting in bio-
chemical influences on the eggs (Mopper and
Zhou 1990, Hagiwara et al. 1995). Before fish
mortality, dissolved organic carbon increased
in the lagoon (Carmouze et al. 1994b), proba-
bly favouring the hatching of eggs. According
to results of Minkoff et al. (1983) and Snell
and Persoone (1989), light, temperature, and
food conditions were also favourable to the
hatching. In Period II, on the contrary, both the
number of eggs/l and the ovigerous female:
non-ovigerous female ratio were high.
Therefore, it seems that the significant contri-
bution of resting eggs hatching, in Period I,
and the parthenogenetic reproduction, in
Period II, would account for the population
increases in the lagoon.

Form 2 was responsible for higher bio-
mass values in Period I, in comparison to
Period II. A higher production, in the second
period, resulted from a larger number of eggs
produced by more reproductive females.

Although there was a significant negative
correlation between B. plicatilis density and
salinity, in Period II, it is hard to explain its
influence, considering that this rotifer species
is euryhaline, surviving in salinities ranging
from 1 to 97 ‰ (Walker 1981).
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