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ABSTRACT: Testing mineral food quality for tropical cladocerans from a shallow Brazilian lake. Bioassays
were carr ied out  to evaluate indiv idual  growth and reproduct ion of  Brazi l ian t ropical
cladocerans with addition of nitrogen (N) and phosphorus (P) to natural seston. Experiments
were made seasonally, except those on the synergic effect of both N and P addition to
seston.  Cohor ts  or ig inated f rom cul t iva ted females were submi t ted to  the fo l lowing
treatments: 1 )  lake seston, 2) lake seston + P, 3) lake seston + N, and 4) Scenedesmus
spinosus (1mg C L -1). In the experiments on synergism the last treatment was replaced by
lake seston + NP. The sestonic C:P molar ratios varied from low (43-73), medium (119) to
high (412-460), and the C:N molar ratios were always low, according to threshold ratios
estimated for temperate lakes. P addition to seston did not enhance growth and reproduction
of cladocerans when sestonic C:P ratios were low, medium, and high. However, significant
higher growth rate of Daphnia gessneri was found in the seston + NP compared to seston
alone in one experiment on synergism. C, N, P body content of cladocerans was similar to
that of temperate counterparts. Energy limitation related to carbon content or food quality
seems to be most important in controll ing cladoceran populations in this lake than food
mineral content.
Key words: C:N ratio, C:P ratio, Mineral limitation, Nitrogen, Phosphorus, Seston, Zooplankton

RESUMO: Teste da qualidade mineral do alimento para cladóceros tropicais de um lago brasileiro
raso.Foram realizados experimentos para avaliar o crescimento individual e a reprodução
de cladóceros tropicais com a adição de nitrogênio (N) e fósforo (P) ao séston natural. Os
experimentos foram realizados sazonalmente, exceto aqueles sobre o efeito sinérgico da
adição conjunta de N e P ao séston.  Coortes or ig inadas de fêmeas cul t ivadas foram
submetidas aos seguintes tratamentos: 1) séston do lago, 2) séston do lago + P, 3) séston
do lago + N e 4) Scenedesmus spinosus (1 mg C L - 1) . Nos experimentos de sinergismo, o
último tratamento foi substituído por séston do lago + NP. As razões molares C:P do séston
variaram de baixas (43-73),  a médias (119) e elevadas (412-460), sendo as razões molares
C:N sempre baixas, de acordo com razões estimadas para lagos temperados. A adição de
P ao séston não aumentou o crescimento e a reprodução dos cladóceros quando as
razões C:P eram baixas, médias ou elevadas. No entanto, as taxas de crescimento de
Daphnia gessneri foram significativamente maiores no tratamento séston + NP comparado
ao séston natural em um dos experimentos de sinergismo. O conteúdo corporal de C, N e
P dos cladóceros foi similar ao encontrado para cladóceros de região temperada. A limita-
ção por energia relacionada ao conteúdo de carbono ou à qualidade do alimento parece
ser mais importante no controle das populações de cladóceros neste lago comparado ao
conteúdo mineral do alimento.
Palavras-chave: Fósforo, limitação mineral, nitrogênio, razão C:N, razão C:P, séston, zooplâncton

Introduction

Growth of  f reshwater  zooplankton is
determined by several factors, particularly
food quantity and quali ty. Several authors

consider phosphorus (P)  and ni t rogen (N)
fundamental components of food quality and
sestonic C:N:P rat ios the most important
indicators of  food qual i ty (Hessen,  1992;
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Sommer,  1992;  Sterner  & Hessen,  1994;
Sterner et al . ,  1992; Urabe and Watanabe,
1992) .

Phosphorus has been the focus of
cons iderably  recent  s tud ies (Gula t i  &
DeMott, 1997; Sterner & Elser, 2002) and as
a constituent of phospholipids, related with
energy storage (ATP) and the synthesis of
nucle ic  ac ids p lays an impor tant  ro le in
growth and reproduction.

However ,  the ro le of  n i t rogen in
determining food quality has received less
attention in nutritional studies of freshwater
zooplankton (Acharya et al., 2004). Nitrogen
is an important component of aminoacids
and the growth of  many animals can be
mainly constrained by dietary protein (White,
1993). I t  i s  poss ib le  tha t  N - l im i ta t ion  o f
food is  more impor tant  in  t rop ica l  lakes
and P- l imi ta t ion in temperate ones (Lewis,
1996; Talling & Lemoalle, 1998).

Herbivores,  such as Daphnia,  a re
supposed to maintain relatively constant C:P
and C:N stoichiometric relat ionships even
when the e lements vary in  the i r  d ie ts
(Hessen,  1990;  Sterner  & Elser,  2002) .
However, DeMott et al. (2004) found strong
evidence that P content in Daphnia in the
envi ronment  var ies  accord ing to  food P
levels, expressed as C:P ratio, contradicting
the homeostasis hypothesis.

C:N and C:P ratios of zooplankton are
lower  than those of  phytoplankton
(Andersen & Hessen, 1991; Hessen, 1990),
suggesting that the animals can concentrate
N or  P in  re la t ion to  C in  the i r  t issues
through feeding and metabolic processes
for invest ing in growth and reproduct ion
(Sterner, 1990). If food C:N or C:P ratios are
low, the necessary amount of N and P are
easily obtained by the animals, in contrast
with conditions of high ratios, when N or P
should be concent ra ted,  by reducing C
incorpora t ion in  the an imal  t issues .
Therefore,  zooplankton net product ion is
supposed to be l imited by N or P above
C:N and C:P thresholds (Urabe & Watanabe,
1992) .

The general aims of this paper were to
test  responses of  c ladocerans f rom a
shallow tropical lake: 1) to additions of N, P
and C to seston; 2) to different conditions
of  C:N and C:P ra t ios .  To achieve these
object ives ,  the fo l lowing analyses and
experiments were performed: a) elemental
ana lyses of  cu l t iva ted a lga ,  seston,  and
cladocerans;  b )  in  v i t ro  exper iments for
eva luat ing growth and reproduct ion o f

c ladocerans f rom the lake fed cul t ivated
edible alga, natural seston and seston plus
N, P and C (S. spinosus) in the four seasons
of one year; c) in vitro experiments to test
the synergic effect of nutrients by adding
both N and P to natural seston; d) in vitro
exper iments to test  responses of
cladocerans in condit ions of low, medium
and high sestonic C:P rat ios and low C:N
ratios, defined according to threshold ratios
estimated for temperate lakes. The aim was
to f ind out whether stoichiometr ic theory
holds for those tropical cladocerans, as well
as to est imate threshold rat ios based on
those usually recorded in the lake.

Material and methods

Study Site
Lake Monte Alegre (21° 11’S, 47° 43’W)

is  located in  southeastern Braz i l ,  and
resulted from damming the Laureano Creek,
which belongs to River Pardo basin, in 1942.
The climate is tropical, marked by a cool–
dry season (May to September) and a warm–
wet one (October to Apr i l ) .  I t  is  a smal l ,
eutrophic, shallow (area = 7 ha, maximum
depth =  5  m) ,  warm d iscont inuous
polymictic reservoir.

The dam is not manipulated, the winds
are weak,  the out le t  is  super f ic ia l ,  the
retention time is not so short in relation to
lake d imensions (~  45 days ) ,  favor ing a
tendency for stratification (Arcifa et al., 1990).
Stratification is more stable during the warm
season,  when d issolved oxygen
concent ra t ions can drop to  zero in  the
deepest layers of the lake. NH 4

+ and NO 3
-

ranged from 0.02 to 1.18 mg L - 1 and 0.01 to
0.99 mg L - 1, respectively, and PO4

—- from 8
to 67 mg L - 1 at the upper layers of the lake
during 2001-2002.

Phytoplankton densities varied from 8
to 14 x 10 3 ind ml - 1 in  1998-1999,  be ing
dominated by Chlorophyceae, followed by
Cyanophyceae (F i le to ,  2001 ) ,  ra re ly
occurring episodes of water blooms. From
1985 to 2002, eight planktonic cladoceran
species have been recorded in the lake in
four annual studies (Arcifa et al., in prep.):
Bosmina tubicen, Ceriodaphnia cornuta, C.
r ichard i , Daphnia ambigua , D.  gessner i ,
Diaphanosoma birgei , Moina micrura ,  and
M.  minuta.  From 1998 to 2001 ,  the most
frequent and sometimes the most abundant
were D. gessneri and D. ambigua, but lately
peaks of Ceriodaphnia richardi are common.
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Seston samplings and phytoplankton
analysis

Seston was sampled in the deepest
region of the lake (5 m) by pumping water
from surface to 3.5 m, with a bilge pump
(Model 34600-0000, Jabsco ITT Ind., Costa
Mesa, USA), delivering 30 L min -1. The water
was f i l te red through a 140 mm net  for
excluding large zooplankton.

Phytoplankton ic  a lgae were
enumerated fol lowing Utermöhl ’s method
(1958) ,  the b iovolume est imated by
geometric forms, and their carbon content
assumed to be 10% of  the b iovolume
(Vollenweider, 1974). Species composition,
size fract ions (≤ 20 µm and > 20 µm) and
morphological characteristics of algae were
analyzed and the resu l ts  presented as
density and biomass.

Alga and cladoceran cultures
The chlorophycean  Scenedesmus

spinosus R.  Chodat ( length - 14 mm) was
cultivated in MBL medium (Stemberger, 1981)
in an environmental chamber (model 347
CDG, FANEM, SP,  Braz i l )  a t  constant
temperature of  23 °C and a 12 :  12  h
photoperiod cycle and constant aeration.

Zooplankton was collected in the lake
with a 60 µm mesh net by vert ical hauls.
C ladocerans were mainta ined in  500 ml
bottles with lake water filtered in glass fiber
f i l te rs  (0 .45 mm, Sar tor ius AG37070,
Germany) plus the green alga S. spinosus
(1 mg C L - 1) , attached to a plankton wheel,
rotating 1 minute every 5 minutes. Several
generat ions were cu l t iva ted before the
exper iments and neonates f rom the 3 r d

generation were used according to von Elert
(2002) .

Elemental analyses
Seston ( in i t ia l  and f ina l  o f  the

exper iments )  and cu l t iva ted a lga ,
concentrated by centrifugation (2000 rpm,
5 min.), were placed in previously weighed
tin capsules, which were then dried at 60
C° for 24 h. Non egg-bearing adult females
from the lake and cultures were separated
under a stereomicroscope and placed on
glass sl ides and dr ied at 60 C°  for 24 h,
being transferred to previously weighed tin
capsules .  Par t icu la te  C and N were
evaluated on an elemental analyzer (Carlo-
Erba CHN 1110). The analyses of particulate
P were made according to Murphy & Riley
(1962) with alga and seston samples filtered
in glass fiber filters, and the processing of
the animals following the same procedures
for C/N analyses. C, N, and P content of the
seston and the animals in the enrichment
treatments were evaluated whenever the
quantity of samples of animals and seston
were suff icient.

Growth experiments
Six growth experiments were performed

and are summarized in Table I ,  using the
most abundant cladoceran species in the
lake during the period of each experiment.

Around 20 individuals, born within 24
h,  were p laced in  500 ml  bot t les ,  on a
plankton wheel, rotating 1 minute every 5
minutes. Experiments I to IV, carried out in
2002, tested N and P additions to seston.
Treatments ,  wi th three repl icates each,

Table I. Summary of the experiments.

 

Experiment Date 
Cladoceran/Max.  

length (mm) 
Treatments 

I 19-24/01/2002 
C. richardi (0.80) and 

D. ambigua (0.90) 

II 07-11/06/2002 
D. ambigua and 

D. gessneri (1.16) 

III 03-06/09/2002 C. richardi 

IV 03-07/12/2002 
C. richardi and 

D. gessneri 

1) lake seston; 

2) lake seston + P; 

3) lake seston + N;  

4) S. spinosus 

 

V 08-12/02/2003 
C. richardi and 

D. gessneri 

VI 21-25/01/2004 C. richardi 

1) lake seston;  

2) lake seston + P;  

3) lake seston + N; 

4) lake seston + NP 
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were: 1 )  lake seston, 2)  lake seston + 25
mg PO4

-P L -1 3) lake seston + 260 mg NO3
- L-1,

and 4) the chlorophycean Scenedesmus
spinosus (1 mg C L -1). Experiments V and VI,
made in 2003 and 2005, tested the synergic
effect of N and P addit ions to seston.
Treatments, with three replicates each, were:
1) lake seston, 2) lake seston + 25 mg PO4

-P
L -1 3) lake seston + 260 mg NO3

- L - 1, and 4)
lake seston +  25 mg PO 4

-P L - 1 +  260 mg
NO3

- L - 1. Experiments were undertaken at the
temperature of 24°C and 12: 12 h photoperiod
cycle.

Before s tar t ing the exper iments ,  ca .
10  neonates were p laced on smal l ,  p re -
tared pieces of aluminum foil, dried at 60°C
fo r  24  h  to  de te rm ine  the  i n i t i a l  body
weight .  In the subsequent days (2 ,  3 ,  or
5) ,  depending on the durat ion of juveni le
per iod of  each species,  ca.  5 -10 animals
were taken f rom each bot t le ,  p laced on
glass sl ides, measured, dr ied at 60°C for
24 h, and weighed for biomass evaluation.
The biomass was evaluated by weighing
the  an ima ls  on  a  mic roba lance  (Me t t le r
Toledo UMT-2)  to the nearest 0.1  µg. The
exponential growth rate was calculated by
the equat ion:

g = [ln (Wt) - ln (W0)]/ t,

where:  W 0 and W t a re  the average
weight of the animals in time 0 and after t
days (3 – 5 days depending on the juvenile
period of each species tested), respectively.
 Only the juveni le growth was monitored
but experiments were extended to evaluate
the fecundity (eggs/total female) and clutch
size.

The results were analyzed by General
L inear  Model  (Est imate Model )  and the
signi f icant  d i f ferences by ANOVA (Systat
Program) and post hoc Tukey test (Systat,
version 9, 1999, SPSS, Chicago, IL, USA).

Results

Elemental analyses
The relative elemental composition of

the green alga S. spinosus was 45.50 %±
1.30 and 0.59 % ± 0,00 of carbon, nitrogen
and phosphores ,  respect ive ly. The
elemental composition of lake seston (initial
and final) and of seston enriched with N, P
and NP are presented in Table II. N and P

Table II: Carbon, nitrogen and phosphorus concentrations and C:N and C:P ratios (molar) of seston  offered
to cladocerans during the experiments I to VI. Data are means ± SD for three replicates.

Experiments Seston 

  C (mg L-1) N (mg L-1) P (µg L-1) C:N C:P 

 Initial seston 0.75 ± 0.05 0.20 ± 0.02 22.00 ± 3.40 4.25 ± 0.60 57.00 ± 13.50 

I Final seston 0.65 ± 0.06 0.17 ± 0.03 30.50 ± 0.93 4.30 ± 3.50 46.50 ± 8.75 

 Seston + N 0.60 ± 0.30 0.20 ± 0.07 - 4.00 ± 3.00 - 

 Seston + P 0.39 ± 0.00 - 50.00 ± 20.55 - 24.95 ± 2.60 

 Initial seston 0.50 ± 0.05 0.11 ± 0.00 20.70 ± 2.60 5.85 ± 0.55 73.00 ± 0.15 

II Final seston 0.55 ± 0.00 0.11 ± 0.00 22.70 ± 0.90 5.80 ± 0.30 66.00 ± 2.70 

 Seston + N 0.75 ± 0.00 0.20 ± 0.00 - 4.12 ± 0.00 - 

 Seston + P 0.70 ± 0.06 0.18 ± 0.00 44.00 ± 1.60 4.70 ± 0.40 44.00 ± 4.10 

 Initial seston 0.60 ± 0.00 0.11 ± 0.00 23.60 ± 2.70 6.35 ± 0.45 64.10 ± 1.00 

III Final seston 0.47 ± 0.00 0.09 ± 0.00 26.95 ± 5.80 6.35 ± 0.15 41.45 ± 2.25 

 Seston + N 0.44 ± 0.15 0.14 ± 0.00 - 3.60 ± 1.15 - 

 Seston + P 0.60 ± 0.01 - 43.00 ± 1.30 - 37.40 ± 0.20* 

 Initial seston 0.46 ± 0.00 0.09 ± 0.00 28.00 ± 2.30 5.75 ± 0.10 43.00 ± 3.85 

IV Final seston 0.50 ± 0.10 0.11 ± 0.00 23.00 ± 0.83 5.75 ± 1.30 63.00 ± 17.40 

 Seston + N 0.50 ± 0.17 0.22 ± 0.00 - 2.70 ± 0.90 - 

 Seston + P 0.50 ± 0.00 0.16 ± 0.00 66.30 ± 3.95 3.60 ± 0.03 20.80 ± 1.70* 
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addi t ions s ign i f icant ly  increased the i r
concentrat ions in the seston, except N in
experiment I  (Tab. I I ) .  Sestonic C:N molar
ratios were low during the experiments I to
V and a little higher in experiment VI . C:P
rat ios were low in exper iments I  to  IV,
medium in exper iment  V,  and h igh in
experiment VI. C:P ratios were significantly
reduced in experiments III (P = 0.020), IV (P
= 0.023), V (P = 0.12) and VI (P = 0.023); C:N
ratios in experiments V (P = 0.026) and VI
(P  =  0 .029 and 0 .020 wi th  N and NP
addi t ions ,  respect ive ly ) .  Only  the in i t ia l
seston was analyzed during the experiment
V as the f inal  samples were damaged in
the elemental analyzer.

 Mean body carbon concentrations of
cladocerans varied from 40.85 to 54.60%,
wi th no s ign i f icant  d i f ferences between
individuals from the lake and the laboratory
in all experiments (Tab. II I ) .  N varied from
6.35 to 15.10 % and P from 0.60 to 1.46%. N
additions to seston significantly increased
the relative content of Ceriodaphnia richardi
only in experiment IV (P = 0.020).

Phytoplankton
Nanop lank ton  p redomina ted  in

density (above 75%) and microplankton in
biomass, except in experiment II in autumn
(Tabs IV, V).

In the experiments I to IV the average
algal carbon was lower in autumn (0.10 µg
C L - 1) ,  increasing in winter ,  spr ing and
summer (0 .35,  0 .45,  and 0.20 µg C L - 1,
respect ive ly ) .  Nanoplankton cont r ibuted
70% (autumn),  54% (winter ) ,  31% (spring) ,
and 40% (summer) to the algal carbon. In

experiment V, average algal carbon was low
(0.11 µg C L - 1)  compared to experiment VI
(0.70 µg C L - 1) .  Nanoplankton contr ibut ion
was 10.2% and 17% to the algal carbon in
exper iments V and VI  (summer ) ,
respectively.

Experiments
In the experiments with low C:P molar

ratios (I to IV) N or P addition to seston did
not enhance cladoceran biomass and growth
rates (F igs 1 ,  2 a and b) .  However ,
s ign i f icant ly  reduced growth ra tes of  D.
ambigua were found in  exper iment  I ,  in
summer, with N and P addit ions (g = 0.01
and 0.05, respectively) compared to seston
alone (0.23) in t = 2 days (P = 0.018 and P =
0.015, respectively).

No pos i t ive e f fect  was observed on
cladoceran growth rates in the seston + N
or P treatments with intermediate C:P ratio
(experiment V) (Fig. 3 a). However, significant
higher growth rate of D. gessneri was found
in the seston + NP compared to seston + P
in t = 4 days (P = 0.046).

P addit ion to seston did not improve
cladoceran growth in the experiment with
high C:P molar rat io (VI )  (Fig. 3 b) ,  but N
addit ion to seston negatively affected the
in i t ia l  growth,  when loss of  weight  was
observed and shown by the negative value
of the exponential growth rate (g = -0.13 in
t = 2 days) followed by the recovery of the
initial weight in t = 4 days (g = 0.00).

Reproduction was not improved with N
and P additions in the experiments with low
C:P (F ig .  4  a  and b ) .  Negat ive e f fec t  on
C .  r i cha rd i  reproduction occurred with P

Table I I : Cont .

Experiments Seston 

  C (mg L-1) N (mg L-1) P (µg L-1) C:N C:P 

 Initial seston 0.60 ± 0.03 0.12 ± 0.01 13.10 ± 0.40 5.80 ± 0.03 119.30 ± 0.04 

V Seston + N 0.39 ± 0.02 0.13 ± 0.00 - 3.55 ± 0.00* - 

 Seston + P 0.90 ± 0.02 0.20 ± 0.01 17.80 ± 2.80 5.00 ± 0.28 125.20 ± 22.0 

 Seston + NP 0.99 ± 0.02 0.25 ± 0.01 25.40 ± 2.10 4.60 ± 0.18 98.55 ± 0.65* 

 Initial seston 1.70 ± 0.05 0.20 ± 0.01 11.40 ± 0.00 9.50 ± 0.70 412.00 ± 10.70 

 Final seston 0.40 ± 0.10 0.045 ± 0.00 2.25 ± 0.00 10.35 ± 0.07 460.00 ± 19.80 

VI Seston + N 1.70 ± 0.05 0.35 ± 0.00 - 6.00 ± 0.30* - 

 Seston + P 1.70 ± 0.05 - 30.00 ± 0.00 - 160.00 ± 4.25* 

 Seston + NP 0.40 ± 0.01 0.27 ± 0.05 29.90 ± 0.00 1.60 ± 0.20* 156.00 ± 4.00 
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Table I I I :  Carbon,  n i t rogen and phosphorus re lat ive content  of  c ladocerans f rom the lake,  laboratory
cultures and seston treatment in the experiments I to VI.

Experiments C N P  C N P 

   C. richardi    D. gessneri  

 Cultures 48.55 ± 7.00 11.20 ± 4.00 1.00 ± 0.08  45.60 ± 2.20 10.30 ± 0.25 1.07 ± 0.15 

 Lake 46.50 ± 2.10 12.00 ± 1.00 1.10 ± 0.03  47.25 ± 1.10 6.35 ± 1.10 1.06 ± 0.10 

I Seston 52.50 ± 6.90 12.40 ± 1.60 1.10 ± 0.15  50.55 ± 9.25 10.30 ± 0.40 1.15 ± 0.07 

 Seston + N 45.75 ± 6.00 10.40 ± 0.40 -  50.40 ± 1.30 12.35 ± 1.25 - 

 Seston + P - - 1.20 ± 0.20  - - 1.40 ± 0.02 

   D. ambigua    D. gessneri  

 Cultures 50.50 ± 2.10 10.40 ± 3.40 0.97 ± 0.04  49.10 ± 2.70 10.75  ± 3.90 1.00 ± 0.06 

 Lake 40.85 ± 1.65 10.15 ± 0.35 1.00 ± 0.10  42.90 ± 1.40 6.60 ± 0.60 1.25 ± 0.20 

II Seston 51.50 ± 9.20 9.55 ± 0.07 1.10 ± 0.14  54.15 ± 3.00 9.50 ± 0.70  1.40 ± 0.06 

 Seston + N 50.40 ± 1.30 12.20 ± 1.65 -  54.90 ± 10.00 10.00 ± 0.20 - 

 Seston + P - - 1.30 ± 0.20  - - 1.30 ± 0.20 

   C. richardi      

 Cultures 49.90 ± 2.30 8.55 ± 3.20 1.12 ± 0.20     

 Lake 46.30 ± 1.85   9.15 ± 3.00  1.00 ± 0.10     

III Seston 54.60 ± 3.90 8.85 ± 0.60 1.10 ± 0.15     

 Seston + N 51.20 ± 14.00 9.85 ± 0.90 -     

 Seston + P - - 1.40 ± 0.01     

   C. richardi    D. gessneri  

 Cultures 52.50 ± 3.25 7.10 ± 0.20 1.30 ± 0.25  48.00 ± 1.60 7.45 ± 0.50 1.00 ± 0.07 

 Lake 48.45 ± 4.80 10.24 ± 3.55 1.15 ± 0.08  47.55 ± 3.80 10.75 ± 4.20 1.10 ± 0.20 

IV Seston 53.50 ± 4.95 9.10 ± 1.50 0.99 ± 0.01  48.15 ± 8.70 10.45 ± 0.15 1.46 ± 0.15 

 Seston + N 49.95 ± 1.35 15.10 ± 1.20* -  55.00 ± 5.65 10.90 ± 0.90 - 

 Seston + P - - 1.20 ± 0.20  - - 1.30 ± 0.10 

   C. richardi    D. gessneri  

 Cultures 49.10 ± 6.20 11.75 ± 3.25 0.99 ± 0.01  49.00 ± 2.75 9.80 ± 0.40 1.10 ± 0.10 

 Lake 46.60 ± 1.95 10.40 ± 0.20 0.80 ± 0.04  46.50 ± 0.70 9.60 ± 0.05 0.75 ± 0.03 

 Seston 52.45 ± 6.90 12.00 ± 1.10 1.10 ± 0.15  50.55 ± 9.25 11.00 ± 0.70 1.10 ± 0.03 

V Seston + N 51.40 ± 0.80 10.70 ± 0.85 -  51.65 ± 0.50 12.20 ± 0.02 - 

 Seston + P - - 1.18± 0.25  - - 0.95 ± 0.02 

 Seston +NP - - 0.98 ± 0.03    1.10 ± 0.03 

   C. richardi      

 Cultures 49.60 ± 0.05 9.10 ± 0.20 1.06 ± 0.00     

 Lake 49.70 ± 0.10 9.00 ± 0.15 1.00 ± 0.01     

 Seston 49.90 ± 0.10 11.60 ± 0.07 -     

VI Seston + N 46.50 ± 0.15 7.00 ± 0.05 -     

 Seston + P - - 0.80 ± 0.01     

 Seston +NP - - 0.60 ± 0.00     
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addit ion to seston as the cladoceran did
not reproduce in the seston + P treatment
in  exper iment  I I I ,  in  winter  (F ig .  5  a ) ,
coinciding with the reduction of the growth
rate from 0.41 in t = 2 days  to 0.24 in t = 3
days (Fig. 2 a), suggesting a toxic effect of
P addition.

The average fecundity of D. gessneri
was signif icant ly lower in the seston + P
compared to seston alone in the experiment
with intermediate C:P ratio (V) (P = 0.041)
(F ig .  6  a )  and is  probably  re f lec t ing the
lower growth rate found in this treatment

(Fig. 3 a).
There was no difference in reproductive

parameters among treatments in the
experiment with high C:P ratio (VI) (Fig. 6 b).

C ladoceran growth was s ign i f icant ly
higher in experiment I, in summer (P = 0.000)
(Fig. 1 a) ,  and in experiment I I I ,  in winter
(P = 0.021)   when  fed  the  green  alga
S .  sp inosus (F ig .  2  a ) .  Reproduc t ion  o f
C. richardi and D. ambigua in experiment I,
in summer, was also significantly enhanced
in  the  g reen  a lga  t rea tment  (P  =  0 .000 )
(Fig. 4 a).
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Figure 5:  Clutch size and fecundity of cladocerans in experiments III and IV (winter and spring). Different
letters above error bars (small letter for fecundity and capital for clutch size) indicate significant
differences (ANOVA, P < 0.05).
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Figure 4:  Clutch size and fecundity of cladocerans in experiments I and II (summer and autumn). Different
letters above error bars (small letter for fecundity and capital for clutch size) indicate significant
differences (ANOVA, P < 0.05).
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Discussion

Deta i led exper iments ,  designed
speci f ica l ly  to  eva luate the in f luence of
seston mineral content (N and P) and the
impl ica t ions for  l i fe  s t ra teg ies o f  the
organisms, have been focused for tropical
cladocerans (Ferrão-Filho et al., 2003b; Fer-
rão-Filho & Arcifa, 2006; Ferrão-Filho et al.,
2007). C, N, and P content of food and of
consumers in the present experiments have
also been analyzed to eva luate the
appl icab i l i ty  o f  the s t r ic t  homeostas is
hypothesis to tropical cladocerans.

L imi t ing C:N and C:P molar  ra t ios
estimated for temperate lakes range from
15 to 30 and from 138 to 500, respectively
(DeMott & Gulati , 1999; Olsen et al. , 1986;
Sterner, 1993; Sterner & Hessen, 1994; Urabe
& Watanabe,  1992)  300 being the most
accepted lower l imi t  for  C:P rat io. In the

Figure 6: Clutch size and fecundity of cladocerans in experiments V and VI (summer) .  Dif ferent letters
above error  bars (smal l  le t ter  for  fecundi ty and capi ta l  for  c lutch s ize)  indicate s igni f icant
differences (ANOVA, P < 0.05).

tropics, l imiting values have not yet being
establ ished and thus,  assuming the
temperate values seston was not N-and P-
l imited during our experiments, except by
P in experiment VI.

N and P content  o f  the seston
increased wi th nut r ient  enr ichment even
when l imi ta t ion was not  detected,  as in
exper iments I  to  V.  The ext ra  nut r ient
incorporated by a lgae had l i t t le  posi t ive
effect on cladocerans in most experiments.
However, negative effects have been found
such as the decrease of D. ambigua growth
rates by N and P addi t ions to seston in
experiment I, as well as a zero growth rate
of C. richardi with N addition in experiment
VI .  N and P addi t ion to  the assumed P -
l imi ted seston in  exper iment  VI  d id not
influence cladoceran growth; the effect of
both nutrient addit ions was found only in
experiment V on synergism, when Daphnia
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gessneri  experienced higher growth rates
in the seston + NP compared to seston + P.
This suggests a synergic ef fect  or  a co-
l imitat ion of both nutr ients.  Reproduct ion
was not affected by N and P enrichment in
most  exper iments .  Negat ive ef fects
(probably  tox ic i ty )  on c ladoceran
reproduct ion wi th  N and P addi t ions to
seston occurred on some occasions, as the
lack of reproduction and the reduction of
growth rates of C. richardi in experiment III
with P additions to seston.

Literature is controversial on the effects
of high sestonic C:P ratios on cladoceran
growth. Negative influence of high C:P ratios
on Daphnia  growth has been repor ted
(DeMott, 1998; DeMott & Pape, 2005; Elser
et al . ,  2001; Sommer, 1992; Sterner, 1993;
Urabe et al., 1997; Ferrão-Filho et al., 2007).
On the other  hand,  some studies have
reported low correlation between Daphnia
growth and sestonic P content (DeMott &
Tessier, 2002; Müller-Navarra, 1995). Negative
ef fect  o f  P addi t ion to  seston has been
observed on popula t ion growth of
Cer iodaphnia dubia (Matveev & Balsei ro ,
1990 )  the same way N or  P  addi t ion
sometimes caused adverse effects in our
study.

Ferrão-Filho & Arcifa (2006) did not find
any increment on cladoceran growth and
reproduction in experiments with P addition
to seston from Lake Monte Alegre with very
high C:P molar ratios (936-1043), in summer.
Only in autumn, when C: P ratios varied from
401 to 505, Daphnia gessneri growth rate
was s ign i f icant ly  increased wi th  P
enrichment.  The authors pointed out that
seston C:P ratio was not a good predictor
of cladoceran P limitation and that residual
l imi ta t ion ind icates o ther  fac tors ,  and
emphasized the need for more studies on
food limitation in tropical cladocerans.

The decrease of  P content  in
herbivores might indicate a P-limited growth
in the field or a tendency for stress caused
by the diet (DeMott et al., 2004). In our study,
N and P content  has not  s ign i f icant ly
differed in animals from the laboratory and
the lake dur ing the exper imenta l  per iod,
ind icat ing that  c ladocerans were not
stressed by diet or animal P content is not
a good indicator of food quality in the lake.

Rela t ive contents  o f  C ,  N ,  and P in
cladocerans from Lake Monte Alegre fall in
the same range for temperate counterparts.
The C content in temperate Daphnia is, on
average, 44% (Hessen 1990), and N varies

from 8 to 10% in cladocerans (Andersen &
Hessen,  1991 ) .  P  content ,  especia l ly  in
Daphnia,  ranges f rom 0.60 to 1 .50%
(Andersen & Hessen,  1991 ) ,  1 .33% being
found in average for nine Daphnia species
(Brett et al . ,  2000). Variat ion in N content
among taxa could be attributed to distinct
pool  o f  prote ins (E lser  e t  a l . ,  1996)  and
di f ferences in  P content  among species
could be related to variation in RNA content
(Mckee & Knowles, 1987).

The increase in N and P content of one
cladoceran,  Cer iodaphnia r ichard i ,  wi th
addition of nutrients in two experiments in
our study has not enhanced growth rates.
This agrees with DeMott et al. (2004) who
found that P addit ion to seston increased
Daphnia P content  wi thout any ef fect  on
growth rate.

P content of zooplankton species was
unrelated to P variation of the diet in several
studies,  what has been predicted by the
st r ic t  homeostas is  model  ( rev iewed by
Sterner  & Hessen,  1994) .  Other  papers ,
however, report decreases of P content in
cladocerans fed P-deficient diets either in
laboratory exper iments (DeMot t ,  1998;
DeMott, 2003; DeMott & Pape, 2005; Plath
& Boersma, 2001) or in the field (DeMott et
al., 2001, 2004; DeMott et al, 2004). Ferrão-
Filho et al. (2007) tested three  cladoceran
species from Lake Monte Alegre and found
that two of them (M. micrura and C. richardi)
showed higher homeostasis coefficients to
P compared to the other one, D. ambigua,
meaning that  those two species showed
little variation in P content, even when fed
P-l imited diets. Homeostasis seems to be
a characteristic of the cladocerans of Lake
Monte Alegre tested in  the exper iments ,
except C. richardi.

Energy can be suggested as a factor
in f luencing c ladoceran growth in  the
exper iments as shown by bet ter
performance of c ladocerans in the green
alga. Reproduction has been also improved
in the a lga t reatment in summer.  The
importance of sestonic energy limitation for
c ladoceran ind iv idua l  growth and
reproduction has already been reported in
Lake Monte Alegre by Ferrão-F i lho et  a l .
(2003; 2005). Fileto et al. (2004) found better
performance of cladocerans from the lake
in the nanoplankton composed of rounded
and non-sp iny a lgae and those f ree o f
gelat inous sheaths. Thus, algae size and
form as well  as other characterist ics and
the contribution of detritus and bacteria are
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re levant  aspects  to  be taken in to
consideration in studies of food influence
on growth and reproduction.

Food l imi ta t ion by carbon in  the
seasons during the experiments I to IV is
unlikely, considering that sestonic carbon
concentrations exceeded threshold values
commonly reported for cladocerans (0.005
- 0.31 mg C L -1) (conversion of data reviewed
by Sarma et al., 2005, using 0.5 dry weight
= carbon concentration).

In spring and summer (experiments IV
and I ,  respect ive ly ) ,  a lga l  carbon was
predominantly composed of microplankton,
as previously observed in the lake (Ferrão-
F i l h o  e t  a l . ,  2 0 0 5 ) .  T h e  l o w e r  g r o w t h
ra tes o f  Daphnia gessner i  in  spr ing and
D .  amb igua in  summer  in  the  ses ton
t rea tmen t  cou ld  be  re la ted  to  the
dominance  o f  m ic rop lank ton ,  mos t l y
composed of  an ined ib le  coenobic  a lga
(Coelastrum reticulatum – 40 µm) and of a
f i lamentous one (Cy l indrospermopsis
rac iborsk i i  –  120 µm).  In  exper iment  VI
(summer), algal carbon was also dominated
by microplankton in  agreement  wi th
observations made in the summer of 1999
(Ferrão-Filho et al., 2005). The zero growth
rate of  C .  r ichard i in  exper iment  VI  was
unrelated to the presence of f i lamentous
a lgae as the f i laments  d id  not  a f fec t
c ladoceran growth in the two t reatments
without N addition. It seems to be related,
however ,  to N enr ichment of  seston in
addition to the high C:P ratio found.

The occurrence of high C:P ratios were
rare in Lake Monte Alegre,  including the
per iod the exper iments were made.
Characteristics such as shallowness and low
thermal  s tab i l i ty  wi th  shor t  per iods of
stratification (Arcifa et al., 1990) can lead to
partial or total mixing of the water column
and, consequently, nutrient replacement for
phytoplankton.

Maybe the hypothes is  o f  minera l
l imi ta t ion is  p laus ib le  for  exp la in ing the
phytoplankton in f luence on zooplankton
development in temperate region,  where
most  lakes are  o l igot rophic  or  u l t ra -
o l igot rophic  (Sarma et  a l . ,  2005) .  In  the
tropics, mesotrophic, eutrophic, and even
hypereut rophic  lowland lakes are  more
common (Harper ,  1992) ,  where nutr ient
limitation is probably rare.

For Boersma & Kreutzer (2002) mine-
ral limitation is not as important for organism
growth when food is scarce as energy is
for maintaining individual metabolism. It is

poss ib le  that  in  eut rophic  t rop ica l  lakes
other food characteristics such as quantity
and qual i ty  in  terms of  s ize ,  form,  and
digestibi l i ty (Fi leto et al . ,  2004; Ferrão-Fi -
lho & Arcifa, 2006) can have a major role in
regulating planktonic populations than mi-
neral deficiency.

In summary, in this study cladoceran
growth and reproduct ion were not
influenced by P addition to seston with low
(~ 43-73) and medium (~119) C:P molar ratios,
which could be expected based on the
est imated threshold C:P ra t io  (300)  for
temperate cladocerans. However, the lack
of cladocerans’ responses to P addition to
seston with high C:P ratios (~ 412-460) is in
d isagreement  wi th  s to ich iometr ic  theory
predict ion.  Besides,  lack of  c ladocerans ’
responses to P enrichment of seston with
very high C:P rat ios (up to 1043) (Ferrão-
Fi lho & Arci fa,  2006) lead to hypothesize
that only extremely high C:P ratios would
be limiting or that stoichiometric theory does
not  hold for  c ladocerans of  th is  t ropica l
eutrophic lake.

Acknowledgements

We thank all the people who helped
in the field, as well as FAPESP for a grant to
C.F. (00/12885-7) and a financial support to
M.S.A. (97/10407-6). We are grateful to A. S.
Ferrão-Filho for establishing the laboratory
and for helpful suggest ions, W. Guagnoni
for  manufactur ing some of  the lab
equipment, J. F. Andrade and V. R. Balbo for
help in P analyses.

References

Andersen, T. & Hessen, D.O. 1991. Carbon,
n i t rogen,  and phosphorus content  o f
f reshwater  zooplankton.  L imnol .
Oceanogr.,  36:807-814.

Acharya,  K. ,  Kyle ,  M.  & Elser ,  J . J .  2004.
Bio log ica l  s to ich iometry  o f  Daphnia
growth: an ecophysiological test of the
growth ra te  hypothes is .  L imnol .
Oceanogr.,  49:656-663.

Arcifa, M.S., Meschiatti, A.J. & Gomes, E.A.T.
1990. Thermal regime and stabil i ty of a
tropical shallow reservoir: Lake Monte Ale-
gre, Brazil. Rev. Hydrobiol. Trop., 23:271-
281.

Boersma, M. & Kreutzer, C. 2002. Life at the
edge:  is  food qua l i ty  rea l ly  o f  minor
importance at low quanti t ies? Ecology,
83:2552-2561.



 FILETO, C. et al.                        .         Testing mineral food quality for tropical cladocerans ...270

Brett, M.T., Müller-Navarra, D.C. & Park, S.K.
2000. Empirical analysis of the effect of
phosphorus l imi ta t ion on a lga l  food
qual i ty  for  f reshwater  zooplankton.
Limnol. Oceanogr. , 45:1564-1575.

DeMot t ,  W.R.  1998.  Ut i l i za t ion of  a
cyanobacter ium and a phosphorus -
deficient green algae as complementary
resources by daphnids .  Ecology,
79:2463-2481.

DeMott, W.R. 2003. Implications of element
def ic i ts  for  zooplankton growth.
Hydrobiologia, 491:177-184.

DeMott, W.R. & Gulati, R.D. 1999. Phosphorus
l imitat ion in Daphnia: Evidence from a
long-term study of three hypereutrophic
Dutch lakes. Limnol. Oceanogr ., 44:1557-
1564.

DeMot t ,  W.R. & Tessier,  A.J .  2002.
Sto ich iometr ic  const ra in ts  vs .  a lga l
defenses:  test ing mechanisms of
zooplankton food l imi ta t ion .  Eco logy ,
83:3426-3433.

DeMot t ,  W.R.  & Pape,  B.J .  2005.
Stoichiometry in an ecological context:
test ing for  l inks between Daphnia  P -
content ,  growth ra te  and habi ta t
preference. Oecologia, 142:20-27.

DeMott ,  W.R., Gulati ,  R.D. & Van Donk, E.
2001 .  E f fec ts  o f  d ie tary  phosphorus
def ic iency on the abundance,
phosphorus ba lance,  and growth of
Daphnia cucul la ta  in  three
hypereut rophic  Dutch lakes .  L imnol .
Oceanogr. , 46:1871-1880

DeMott, W.R., Pape, B.J. & Tessier, A.J. 2004a.
Pat terns and sources of  var ia t ion in
Daphnia phosphorus content in nature.
Aquat. Ecol., 38:433-440.

DeMott, W.R., Edington, J.R. & Tessier, A.J.
2004b.  Test ing zooplankton food
limitation across gradients of depth and
product iv i ty  in  smal l  s t ra t i f ied lakes .
Limnol. Oceanogr., 49:1408-1416.

Elser, J.J., Dobberfhul, D.R., MacKay, N.A. &
Schampel, J.H. 1996. Organism size, life
h is tory ,  and N:P s to ich iometry.
Bioscience, 46:674-684.

Elser, J.J. ,  Hayakawa, K. & Urabe, J. 2001.
Nutr ient l imitat ion reduces food quali ty
for  zooplankton:  response to  seston
phosphorus enrichment. Ecology, 82:898-
903.

Fe r rão -F i l ho ,  A .S .  &  A rc i f a ,  M .S .  2006 .
Growth  responses  o f  t rop ica l
cladocerans to seston from Lake Monte
A leg re  (B raz i l )  supp lemented  w i th
phosphorus, fat ty acids, a green algae

and a  cyanobacter ium. Hydrobio logia ,
563:155-165.

Ferrão-Filho, A.S., Arcifa, M.S. & Fileto, C.
2003a.  Resource l imi ta t ion and food
qual i ty  fo r  c ladocerans in  a  t rop ica l
Brazilian lake. Hydrobiologia, 491:201-210.

Ferrão-Filho, A.S., Fileto, C., Lopes, N.P. &
Arcifa, M.S. 2003b. Effects of essential
fatty acids and N and P-limited algae on
the growth rate of tropical cladocerans.
Freshwater Biol. , 48:759-767.

Ferrão-Filho, A.S., Arcifa, M.S. & Fileto, C.
2005. Inf luence of seston quanti ty and
quality on growth of tropical cladocerans.
Braz. J. Biol., 65:77-89.

Ferrão-Fi lho,  A.S. ,  Tessier,  A.J .  & DeMott ,
W.R.  2007.  Sensi t iv i ty  of  herb ivorous
zooplankton to  phosphorus def ic ient
diets: testing stoichiometric theory and
the growth ra te  hypothes is .  L imnol .
Oceanogr., 52:407-415.

Fileto, C. 2001. O zooplâncton do Lago Monte
Alegre: variação temporal e a influência
das frações do fitoplâncton sobre o cres-
c imento e reprodução de c ladóceros .
Ribeirão Preto, USP, 100p (Master Thesis).

Fileto, C., Arcifa, M.S., Ferrão-Filho, A.S. &
Si lva ,  L .H.S .  2004.  In f luence of
phytoplankton fract ions on growth and
reproduct ion of  t rop ica l  c ladocerans .
Aquat. Ecol., 38:503-514.

Gulati, R.D. & DeMott, W.R. 1997. The role
of food quality for zooplankton: remarks
on the state-of-the-art, perspectives and
priorit ies. Freshwater Biol., 38:753-768.

Harper,  D .  1992.  Eut rophicat ion of
f reshwaters :  pr inc ip les ,  problems and
restora t ion .  Chapman & Hal l ,  London.
327p.

Hessen, D.O. 1990. Carbon, ni t rogen and
phosphorus status in Daphnia at varying
food conditions. J. Plankton Res., 12:1239-
1249.

Hessen,  D.O.  1992.  Nutr ient  e lement
limitation of zooplankton production. Am.
Nat., 140:799-814.

Lewis Jr., W.M. 1996. Tropical lakes: how la-
titude makes a difference. In: Schiemar,
F. & Boland, K.T. (eds. )  Perspectives in
t rop ica l  l imnology.  SPB Academic
Publishers, Amsterdam. p.43-64.

Matveev, V.F.  & Balsei ro ,  E .G.  1990.
Contrast ing responses of  two
cladocerans to changes in the nutritional
value of nanoplankton. Freshwater Biol.,
23:197-204.

McKee, M. & Knowles, C.O. 1987. Levels of
protein, RNA, DNA, glycogen and l ipids



271                Acta Limnol. Bras., 19(3):257-271, 2007

dur ing growth and development  o f
Daphnia magna  St raus (Crustacea -
Cladocera). Freshwater Biol., 18:341-351.

Müller-Navarra, D. 1995. Evidence that highly
unsaturated fat ty ac ids l imi ts  Daphnia
growth in  nature .  Arch.  Hydrobio l . ,
132:297-307.

Murphy,  J .  & Ri ley,  J .P.  1962.  A modi f ied
s ing le so lu t ion method for  the
determinat ion of  phosphate in  natura l
waters. Anal. Chim. Acta, 27:31-36.

Olsen,  Y. ,  Jensen,  A. ,  Reiner tsen,  H. ,
B∅ersheim, K.Y., Heldal, M. & Langeland,
A.  1986.  Dependence of  the ra te of
release of phosphorus by zooplankton
upon de P:C ratio in the food supply, as
ca lcu la ted f rom the recyc l ing model .
Limnol. Oceanogr., 31:34-44.

P la th ,  K .  & Boersma,  M.  2001 .  Minera l
limitation of zooplankton: stoichiometric
const ra in ts  and opt imal  forag ing .
Ecology, 82:1260-1269.

Sarma, S.S.S., Nandini, S. & Gulati, R.D. 2005.
Life history of cladocerans: comparisons
of  t rop ica l  and temperate  taxa .
Hydrobiologia, 542:315-333.

Sommer,  U .  1992.  Phosphorus - l imi ted
Daphnia: intraspecific facilitation instead
of  compet i t ion .  L imnol .  Oceanogr. ,
37:966-973.

Stemberger, R.S. 1981. A general approach
to the culture of planktonic rotifers. Can.
J. Fish. Aquat. Sci ., 38:721-724.

Sterner, R.W. 1990. The ratio of nitrogen to
phosphorus resupl ied by herb ivores -
zooplankton and the algal  compet i t ive
arena. Am. Nat., 136:209-229.

Sterner,  R.W. 1993. Daphnia growth on
varying qual i ty of Scenedesmus: mine-
ra l  l imi tat ion of  zooplankton.  Ecology,
74:2351-2360.

Sterner,  R.W. & Hessen, D.O. 1994.  Algal
nutr ient  l imi ta t ion and the nutr i t ion of
aquatic herbivores. Annu. Rev. Ecol. Syst.,
25:1 -29.

Sterner, R.W. & Elser, J.J. 2002. Ecological
stoichiometry:  the biology of elements
f rom molecules to  the b iosphere .
Pr inceton Univers i ty  Press ,  Pr inceton.
584p.

Sterner, R.W., Elser, J.J. & Hessen, D.O. 1992.
Sto ich iometr ic  re la t ionships among
producers ,  consumers ,  and nut r ient
cyc l ing in  pe lag ic  ecosystems.
Biogeochemistry, 17:49-67.

Talling, J.F. & Lemoalle, J. 1998. Ecological
dynamics of  t rop ica l  in land waters .
Cambridge University Press, Cambridge.

441p.
Utermöhl, V. 1958. Zur vervollkommung der

quant i ta t iven phytoplankton -methodik .
Mitt .  Int. Verein. Theor. Angew. Limnol. ,
9:1 -38.

Urabe, J. & Watanabe, Y. 1992. Possibility of
n i t rogen or  phosphorus l imi ta t ion for
planktonic cladocerans: an experimental
test. Limnol. Oceanogr., 40:232-241.

Urabe,  J . ,  C lasen,  J .  & Sterner ,  W. 1997.
Phosphorus limitation of Daphnia growth:
is it real? Limnol. Oceanogr., 42:1436-1443.

Vol lenweider ,  R.A.  1974.  A manual  on
methods for  measur ing pr imary
production in aquatic environments. 2nd

ed.  B lackwel l  Sc ient i f ic  Publ icat ions,
Oxford. 213p. (IBP Handbook, 12).

Von Elert, E. 2002. Determination of limiting
polyunsaturated fat ty acids in Daphnia
galeata using a new method to enr ich
food algae with single fatty acids. Limnol.
Oceanogr.,  47:1764-1773.

Whi te ,  T.C.R.  1993.  The inadequate
environment: nitrogen and abundance of
animals. Springer, Berlin. 425p.

Received: 25 April 2007
Accepted: 14 August 2007




