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ABSTRACT

Background. Chydoridae is the most diverse family of cladocerans but information about their biology or 
life cycles is still limited, perhaps because of the hard task that their taxonomy involves or that culture in 
optimal conditions are not described for several species. Goals. This study examined the effects of culture 
conditions (algal concentration, algal species, and temperature) on the demography of Alona guttata (Sars, 
1862) to obtained their maximal growth rates. Methods. Life table analysis with the chydorid A. guttata were 
performed as follows: five females per cohort (six replicas) were fed on either Chlorella vulgaris (Beijerinck, 
1890) or Nannochloropsis oculata (Hibberd, 1981) at 0.5×106 or 2×106 cells/mL, reared at 20ºC or 25ºC and 
photoperiod 16:8 h (light: dark). Media was supplemented with an artificial substrate. Then, daily fertility and 
survival were assessed to estimate the demographic parameters: average lifespan (ALS), life expectancy at 
birth (LEB), generation time (GT), gross reproductive rate (GRR), longevity, net reproductive rate (NRR), and 
the intrinsic rate of population increase (r). Results. Significant effects were observed due to the three fac-
tors tested and their interactions. Increasing algal concentrations of either C. vulgaris or N. oculata promoted 
higher fertility and longer survival. Lower temperature extended the ALS and LEB when organisms were fed 
on the highest algal concentration. The highest r values were observed when Alona was fed on N. oculata at 
2×106 cells/mL. Conclusions. The best culture conditions, in terms of the population growth rates of A. gut-
tata, were provided by N. oculata at 2×106 cells/mL at 25°C with the supplementation of artificial substrate. 

Keywords. Anomopoda, demographic parameters, fertility, life table analysis, survival

RESUMEN

Antecedentes. La familia Chydoridae es la más diversa de los cladóceros pero la información acerca de su 
biología o sus ciclos de vida es aún limitada, posiblemente por la dificultad que representa su taxonomía o 
porque las condiciones óptimas de cultivo no han sido descritas para varias especies. Objetivos. Este estudio 
examina los efectos de las condiciones de cultivo (concentración de algas, especie de alga, y temperatura) 
en la demografía de Alona guttata (Sars, 1862) para obtener sus mayores tasas de crecimiento. Métodos. 
Se realizaron análisis de tablas de vida con el quidórido A. guttata de la manera siguiente: cinco hembras 
por cohorte (seis réplicas) fueron alimentadas con Chlorella vulgaris (Beijerinck, 1890) o Nannochloropsis 
oculata (Hibberd, 1981), a una concentración de 0.5×106 o 2×106 células/mL, con una temperatura de 20°C 
o 25°C, y un fotoperiodo de 16:8 h (luz:oscuridad). Al medio de cultivo se adicionó un sustrato artificial. Pos-
teriormente, la fertilidad y supervivencia diarias fueron evaluadas para estimar los parámetros poblacionales: 
promedio de vida (ALS), expectativa de vida al nacimiento (LEB), tiempo generacional (GT), tasa reproductiva 
bruta (GRR), longevidad, tasa reproductiva neta (NRR), y la tasa intrínseca de crecimiento poblacional (r). Re-
sultados. Se observaron efectos significativos debidos a los tres factores evaluados y sus interacciones. El 
aumento de la concentración de las algas C. vulgaris o N. oculata incrementó la fertilidad y supervivencia. La 
menor temperatura extendió la ALS y la LEB cuando los organismos fueron alimentados con la concentración 
más alta de algas. Las r más altas se observaron cuando Alona fue alimentada con  N. oculata a 2×106 célu-
las/mL. Conclusiones. Las mejores condiciones de cultivo, en términos de la tasa de crecimiento poblacional 
de A. guttata, fueron provistas por N. oculata a 2×106 cells/mL, a 25°C, con la adición del sustrato artificial. 

Palabras clave: análisis de tabla de vida, Anomopoda, fertilidad, parámetros demográficos, supervivencia
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Effect of diet and temperature on Alona guttata. Cohorts of five neo-
nates (less than 24-h old) of A. guttata were placed separately in a 24-
well polystyrene microplate; then, every well was supplemented with 
the corresponding algal suspension in MHRW and adjusted to a final 
volume of 2 mL. Temperature was controlled in bioclimatic chambers 
at either 20ºC or 25ºC ± 2ºC with a photoperiod of 16 h light and 8 h 
dark. To avoid desiccation, 200 μL of distilled water were added every 
other day to each well. Complete renewal of the culture media was 
performed once a week. Fertility and survival data were daily recorded 
until all individuals in the cohort had died. The neonates and dead or-
ganisms were removed and counted daily.  All treatments consisted of 
six replicas (n = 6). 

Life table analysis. Data of survival (l
x) and fertility (mx) were used to 

determine: average lifespan (ALS) (days), maximum longevity (days), 
life expectancy at birth (LEB) (days), generation time (GT) (days), gross 
reproductive rate (GRR) (neonates/female), net reproductive rate (NRR) 
(neonates/female), and intrinsic rate of population increase (r) (1/days) 
(Pianka, 1978; Krebs, 1985): 

Average lifespan 

Life expectancy at birth 

Gross reproductive rate 

Net reproduction rate 

Generation time 

The intrinsic rate of population increase (IRPI) was computed through 
iteration with the Euler-Lotka equation: 

Statistical Analysis. Results from the life table experiments were 
analyzed through three-way analysis of variance (ANOVA). Significant 
differences were established through Bonferroni´s multiple comparison 
test. Statistical analysis were performed in R-Studio v.1.0.143 and the 
packages agricolae v.1.2-4 (De Mendiburu, 2016) and ggplot2 v.3.2.1 
(Wickham, 2016). 

RESULTS

Figure 1 shows the survival curves for A. guttata raised at 20ºC or 25ºC 
and fed on 0.5×106 or 2×106 cells/mL of either C. vulgaris or N. oculata. 
The longer survival rates were recorded when organisms were reared 
at 20°C in medium supplemented with N. oculata. Chydorids fed on N. 
oculata (2×106 cells/mL) and grown at 20°C delayed until the day 40 of 
the test to exhibit the first females to die, while at 25°C dead organisms 
appeared since the day 30. Temperature alone seemed to have no sig-
nificant effect on the survival of A. guttata, but it was influenced by the 
interaction of temperature×algal concentration and temperature×algal 
species. 

INTRODUCTION 

Chydoridae is the most diverse family within cladocerans, but informa-
tion regarding their culture and biology is still scarce in comparison to 
other families like Daphniidae and Moinidae. In natural environments, 
fish larvae can feed on little size species like chydorids, which are pre-
ferably consumed over other large cladocerans, likely because of their 
ease to capture (Nunn et al., 2012). Chydorids, which inhabit littoral 
zones of water bodies, are generally associated to aquatic plants, pe-
riphyton, or sediment (Dole-Olivier et al., 2000; Masclaux et al., 2012). 
Thus, different media have been developed to culture chydorids in labo-
ratory conditions, feeding these organisms on algae, bacteria, detritus, 
yeast, or combinations of these sources of organic matter (Martínez-Je-
rónimo & Gomez-Díaz, 2011).

Castilho et al. (2015) stated that the study of the life cycle of cla-
docerans offers a better understanding of their biology, and at higher 
hierarchy level provide information about population dynamics, their 
interactions with the surroundings, and their role within food webs and 
secondary production. 

Alona guttata (Sars, 1862) is a cosmopolitan species, with records 
in several places around the world (Sinev & Siva-Briano, 2012; Sousa 
et al., 2014). Cortez-Silva et al. (2022) described the life history of A. 
guttata fed on Raphidocelis subcapitata (Korshikov) Nygaard, Komárek, 
J.Kristiansen & O.M.Skulberg 1987, and the strategies that this species 
might follow to rapidly colonize temporal and transitory ponds. Alvara-
do-Suárez (2017) implemented this chydorid to nourish the goodeid fish 
Poeciliopsis infans (Woolman, 1894) and concluded that A. guttata is of 
high nutritional value but their usage is limited due to poor biomass pro-
duction. Therefore, this study was aimed to assess the effect of the food 
source, algal concentration, and temperature on the demography of A. 
guttata through life table analysis and find the best culture conditions in 
terms of the population growth rates. 

MATERIAL AND METHODS

Maintenance of chydorids. The strain of A. guttata has been maintai-
ned in the Laboratory of Aquatic Toxicology of the Universidad Autóno-
ma de Aguascalientes (UAA) and was cultured with the following con-
ditions: moderately hard reconstituted water (MHRW) (USEPA, 2002), 
photoperiod 16h light and 8h dark, fed once a day ad libitum with either 
the green algae Chlorella vulgaris (Beijerinck, 1890) or Nannochlorop-
sis oculata (Hibberd, 1981), and temperature at either 20°C or 25°C ± 
2ºC. Freshwater media was supplemented with 660 mg/L of artificial 
substrate, which consisted of 70% silica sand, 25% kaolin, and 5% 
dried and ground cattle manure. The complete mixture of the substrate 
was sterilized by autoclave at 15 psi for 20 min (Martínez-Jerónimo & 
Gómez-Díaz, 2011).

Algal biomass as food source for chydorids. Chlorella vulgaris and 
N. oculata were grown in Bold’s Basal medium (Nichols, 1973) under 
aseptic conditions at 25ºC. Continuous illumination was provided by 
day-light fluorescent lamps (approximately 5000 lux). Algal biomass 
was collected during the exponential phase of population growth and 
separated from the culture medium by centrifugation at 5000 rpm for 5 
min. Then, culture media for chydorids were supplemented with either 
C. vulgaris or N. oculata at low (0.5×106 cells/mL) and high densities 
(2×106 cells/mL). 
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Figure 1. Survival (lx) of Alona guttata (Sars, 1862) fed on Chlorella vulgaris (Beijerinck, 1890) and Nannochloropsis oculata (Hibberd, 1981). 

Error bars represent the confidence interval (P<0.05). All experiments were carried out with six replicates (n = 6). 0.5 = 0.5×106 cells/mL; 2 = 2×106 cells/mL; Cv = 
C. vulgaris; Noc =  N. oculata; 20 and 25 = temperature in Celsius.
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for the group fed on C. vulgaris (49.17 ± 1.8348 d). In general, the 
concentration of 0.5×106 cells/mL probed to be insufficient to promo-
te longer longevity in Alona. These results were influenced mainly by 
the algal species and the algal concentration but were not significantly 
affected by temperature (Table 1). 

Figure 2 shows the daily fertility of the eight treatments. Alona gu-
ttata produced offspring during almost their entire life cycle, although 
the number of neonates per reproductive episode was in general low. 
Maximum values of longevity were recorded for every treatment, with 
the highest values (60.33 ± 0.8164 d) when organisms were fed on N. 
oculata at 2×106 cells/mL (Fig. 2). The highest longevity was recorded 

Figure 2. Fertility (mx) of Alona guttata (Sars, 1862) fed on Chlorella vulgaris (Beijerinck, 1890) and Nannochloropsis oculata (Hibberd, 1981). 

Error bars represent the confidence interval (P<0.05). All experiments were carried out with six replicates (n = 6). 0.5 = 0.5×106 cells/mL; 2 = 
2×106 cells/mL; Cv = C. vulgaris; Noc =  N. oculata; 20 and 25 = temperature in Celsius. 
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Table 1. Analysis of variance performed on the demographic responses of Alona guttata fed on Chlorella vulgaris or Nannochloropsis oculata. ALS, 
average lifespan (days); longevity, maximum longevity recorded by replicate (days); LEB, life expectancy at birth (days); GT, generation time (days); 
GRR, gross reproductive rate (neonates/female); NRR, net reproductive rate (neonates/female); IRPI, intrinsic rate of population increase, 1/days. 

Factor or interaction Df Sum Sq Mean Sq F value  Pr(>F)

ALS

Algal species 1 585.20 585.20 86.207 < 0.001 ***
Algae concentration 1 2,192.40 2,192.40 322.966  < 0.001 ***
temperature 1 7.70 7.70 1.131 0.294

Algal species × algae concentration 1 588.00 588.00 86.619  < 0.001 ***

Algal species × temperature 1 9.40 9.40 1.379 0.247
Algae concentration × temperature 1 162.80 162.80 23.983  < 0.001 ***
Algal species × algae concentration × temperature 1 40.30 40.30 5.942 0.019 *
Residuals 40 271.50 6.80

Longevity

Algal species 1 574.10 574.10 123.903  < 0.001  ***
Algae concentration 1 2,352.00 2,352.00 507.626  < 0.001  ***
temperature 1 36.80 36.80 7.932 0.007  **

Algal species × algae concentration 1 225.30 225.30 48.633  < 0.001  ***

Algal species × temperature 1 0.70 0.70 0.162 0.689
Algae concentration × temperature 1 161.30 161.30 34.82  < 0.001  ***
Algal species × algae concentration × temperature 1 0.30 0.30 0.072 0.79
Residuals 40 185.30 4.60

LEB

Algal species 1 585.20 585.20 86.207  < 0.001 ***
Algae concentration 1 2,192.40 2,192.40 322.966  < 0.001 ***
temperature 1 7.70 7.70 1.131 0.294

Algal species × algae concentration 1 588.00 588.00 86.619  < 0.001 ***

Algal species × temperature 1 9.40 9.40 1.379 0.247
Algae concentration × temperature 1 162.80 162.80 23.983  < 0.001 ***
Algal species × algae concentration × temperature 1 40.30 40.30 5.942 0.019 *
Residuals 40 271.50 6.80

GT

Algal species 1 38.00 38.00 23.624  < 0.001  ***
Algae concentration 1 287.00 287.00 178.412  < 0.001  ***
temperature 1 2.13 2.13 1.327 0.256

Algal species × algae concentration 1 22.12 22.12 13.754  < 0.001  ***

Algal species × temperature 1 8.80 8.80 5.469 0.024  *
Algae concentration × temperature 1 44.93 44.93 27.929  < 0.001  ***
Algal species × algae concentration × temperature 1 15.82 15.82 9.832 0.003  **
Residuals 40 64.34 1.61

GRR

Algal species 1 0.50 0.50 0.12 0.731
Algae concentration 1 148.50 148.50 35.662  < 0.001  ***
temperature 1 318.10 318.10 76.38  < 0.001  ***

Algal species × algae concentration 1 1.90 1.90 0.467 0.498

Algal species × temperature 1 161.10 161.10 38.68  < 0.001  ***
Algae concentration × temperature 1 11.30 11.30 2.724 0.107
Algal species × algae concentration × temperature 1 104.30 104.30 25.052  < 0.001  ***
Residuals 40 166.60 4.20
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Alona guttata fed on C. vulgaris exhibited similar growth rates than tho-
se females fed on N. oculata at 0.5×106 cells/mL (Fig. 3). 

DISCUSSION

Although there are several reports on chydorid species, information on 
their life cycle or reproductive biology is still scarce. Therefore, the main 
contributions of this study are: a) the insights on A. guttata asexual 
reproduction since neither males nor ephipia were detected while carr-
ying out the different experiments during this research; and b) the cul-
ture conditions that promoted the highest rates of population increase 
to obtain higher number of individuals for further usage, as food source 
for early life stages of fish (Alvarado-Suárez, 2017) or as test organisms 
in environmental toxicology (Garza-León et al., 2017; Osorio-Treviño et 
al., 2019). 

The maximum survival of A. guttata was comprised within values 
reported for other chydorids (Table 2). The longest survival within the 
family Chydoridae were reported for organisms grown at 5°C, reaching 
values of about 100 d. In the subfamily Aloninae survival has registered 
values of up to 90 d. For instance, Cortez-Silva et al. (2022) reported 
that longevity of A. guttata reached 37 d as maximum (30.9 d average) 
when chydorids were fed on R. subcapitata, but we found that this spe-
cies can survive longer when feeding on either C. vulgaris or N. oculata. 
It is worth pointing out that food source and temperature influenced 
longevity of organisms and several publications reported no more than 
one food source or temperature. Although several results showed long 
survival of chydorids, some others might be explored to improve the 
survival of organisms.

The NRR in chydorids can take values from 6 to 135 neonates per 
female, with the highest reproduction rates in the genus Eurycercus 
(Table 2). In A. guttata the NRR was influenced by the algae concentra-
tion and the algal species, reaching the highest values at 2×106 cells/
mL with N. oculata as food source. On this regard, Muro-Cruz et al. 

From the life table analysis, Alona guttata showed the longest 
ALS values when feeding on algal densities of 2×106 cells/mL (Fig. 
3). Significant interactions were recorded for algal species×algal con-
centration (P<0.01), algal concentration×temperature (P<0.01), algae 
species×algae concentration×temperature (P<0.05) (Table 1). The ALS 
presented values from 26.97 (SD = 3.2752) to 53 d (SD = 1.8199), 
with N. oculata as the best food source for this chydorid when it was 
supplemented at 2×106 cells/mL. 

The life expectancy at birth (LEB) was mainly affected by the algal 
species and algae concentration; thus, obtaining the highest LEB value 
(52.50 d) with N. oculata (2×106 cells/mL) at 20ºC (Fig. 3). Significant 
interactions were registered for algae concentration×algal species, algae 
concentration×temperature, and for the three factors tested (Table 1). 

The highest GT (27.28 ± 0.8018 days) was recorded when chydo-
rids fed on N. oculata (2×106 cells/mL) and reared at 20ºC (Fig. 3). The 
lowest GTs were observed with the organisms fed on either C. vulgaris 
or N. oculata at 0.5×106 cells/mL. The two temperatures tested caused 
no significant differences in the GT of A. guttata, although their interac-
tions significantly affected the GT (Table 1). 

GRR was influenced by the algal concentration of both algal spe-
cies (Table 1); then, organisms fed on 0.5×106 cells/mL produced fewer 
neonates than the organisms fed on 2×106 cells/mL. Thereafter, N. ocu-
lata at the highest algal density promoted A. guttata to have more neo-
nates during their whole life cycle (Fig. 3). 

The NRR registered the highest value with the females fed on N. 
oculata at 2×106 cells/mL (28.86 ± 0.8547 neonates/female), while 
those organisms fed on C. vulgaris produced fewer neonates, even 
when C. vulgaris was supplemented at 2×106 cells/mL (Fig. 3). 

Finally, the treatment that promoted the higher rates of population 
increase was N. oculata at 2×106 cells/mL and temperature at 25°C 
(r = 0.2656 ± 0.0163). The fed on C. vulgaris did not reach the same 
population growth rates in comparison to the groups fed on N. oculata. 

Factor or interaction Df Sum Sq Mean Sq F value  Pr(>F)

NRR

Algal species 1 254.80 254.80 180.248  < 0.001  ***
Algae concentration 1 875.50 875.50 619.253  < 0.001  ***
temperature 1 1.30 1.30 0.896 0.349

Algal species × algae concentration 1 404.80 404.80 286.343  < 0.001  ***

Algal species × temperature 1 9.90 9.90 7.003 0.012  *
Algae concentration × temperature 1 106.20 106.20 75.12  < 0.001  ***
Algal species × algae concentration × temperature 1 33.70 33.70 23.813  < 0.001  ***
Residuals 40 56.60 1.40

IRPI

Algal species 1 0.00696 0.00696 48.194  < 0.001  ***
Algae concentration 1 0.01844 0.01844 127.632  < 0.001  ***
temperature 1 0.00109 0.00109 7.541 0.009  **

Algal species × algae concentration 1 0.02120 0.02120 146.711  < 0.001  ***

Algal species × temperature 1 0.00108 0.00108 7.452 0.009  **
Algae concentration × temperature 1 0.00009 0.00009 0.654 0.424
Algal species × algae concentration × temperature 1 0.00039 0.00039 2.71 0.108
Residuals 40 0.00578 0.00014
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(2002) found no significant differences in the NRR of Coronatella rec-
tangula (Sars, 1861) (formerly Alona rectangula) when feeding on C. 
vulgaris at 0.5 and 2×106 cells/mL (NRR = 14.72 ± 0.62 and 13.22 ± 
0.77 neonates/female, respectively); however, A. guttata showed sig-

nificant differences when fed on increasing algal concentrations, rea-
ching higher reproductive rates, GRR and NRR, when organisms were 
fed on C. vulgaris or N. oculata at 2×106 cells/mL, which improved the 
reproductive performance of A. guttata. 

Figure 3. Demographic responses of Alona guttata fed on Chlorella vulgaris (Beijerinck, 1890) and Nannochloropsis oculata (Hibberd, 1981). ALS = average life 
span, GT = generation time, LEB = life expectancy at birth, GRR = gross reproductive rate, NRR = net reproductive rate, and IRPI = rate of population increase. All 
experiments were carried out with six replicates (n = 6). 0.5 = 0.5×106 cells/mL; 2 = 2×106 cells/mL; Cv = C. vulgaris; Noc = N. oculata; 20 and 25 = temperature 
in Celsius. Significant differences were established by factorial ANOVA and multiple comparison test of Bonferroni (P<0.05)



88 Osorio-Treviño O. C. et al.

Hidrobiológica

Ta
bl

e 
2.

 C
om

pa
ris

on
 o

f t
he

 li
fe

 c
yc

le
 a

nd
 d

em
og

ra
ph

ic
 re

sp
on

se
s 

of
 c

hy
do

rid
s 

fro
m

 th
is

 s
tu

dy
 a

nd
 re

po
rte

d 
in

 th
e 

lit
er

at
ur

e.
 G

T,
 g

en
er

at
io

n 
tim

e 
(d

ay
s)

; G
RR

, g
ro

ss
 re

pr
od

uc
tiv

e 
ra

te
 (n

eo
na

te
s/

fe
m

al
e)

; N
RR

, n
et

 re
pr

od
uc

tiv
e 

ra
te

 (n
eo

na
te

s/
fe

m
al

e)
; I

RP
I, 

in
tri

ns
ic

 ra
te

 o
f p

op
ul

at
io

n 
in

cr
ea

se
; T

, t
em

pe
ra

tu
re

Sp
ec

ie
s

T 
(°

C)
Su

rv
iv

al
 (d

)
GT

GR
R

NR
R

IR
PI

Re
fe

re
nc

e

Ac
ro

pe
ru

s 
ha

rp
ae

 (B
ai

rd
, 1

83
4)

5 
– 

25
9 

– 
11

9 
5.

3 
– 

70
.4

Bo
ttr

el
l, 

19
75

Al
on

a 
af

fin
is

 (L
ey

di
g,

 1
86

0)
5 

– 
20

37
 –

 1
44

16
.9

 –
 7

2.
9

Bo
ttr

el
l, 

19
75

A.
 g

ut
ta

ta
 (S

ar
s,

 1
86

2)
22

37
Co

rte
z-

Si
lv

a 
et

 a
l.,

 2
00

2

20
 –

 2
5

Th
is

 s
tu

dy

A.
 ih

er
in

gu
la

 (S
in

ev
 &

 K
ot

ov
, 2

00
4)

25
54

5.
0

Si
lv

a 
et

 a
l.,

 2
01

4

Al
on

el
la

 e
xc

is
a 

(F
is

ch
er

, 1
85

4)
73

Sh
ar

m
a 

& 
Sh

ar
m

a,
 1

99
8

Ch
yd

or
us

 p
ub

es
ce

ns
 (S

ar
s,

 1
90

1)
23

.6
31

4.
3

Sa
nt

os
-W

is
ni

ew
sk

i e
t a

l.,
 2

00
6

C.
 s

ph
ae

ric
us

 (M
ül

le
r, 

17
76

)
5 

– 
20

23
 -

  9
6

8.
9 

– 
38

.5
Bo

ttr
el

l, 
19

75

15
 –

 2
5

10
.3

 –
 2

4.
9

19
.0

4 
– 

34
.9

6
0.

14
3 

– 
0.

26
8

Ke
en

, 1
96

7 
(c

ite
d 

by
 H

an
n 

19
85

)

Co
ro

na
te

lla
 re

ct
an

gu
la

 (S
ar

s,
 1

86
2)

25
26

.9
2 

– 
30

.8
2

10
.2

 –
 1

0.
6

18
.0

 –
 1

8.
8

19
 –

 2
7.

12
0.

25
 –

 0
.2

6
M

ur
o-

Cr
uz

 e
t a

l.,
 2

00
2

23
.6

28
.4

4.
2

Vi
ti 

et
 a

l.,
 2

01
3

Di
sp

ar
al

on
a 

ro
st

ra
ta

 (K
oc

h,
 1

84
1)

10
 –

 1
9

30
 –

 8
0

18
.8

 –
 3

5.
5

Ro
be

rts
on

, 1
98

8

Eu
ry

al
on

a 
or

ie
nt

al
is

 (D
ad

ay
, 1

89
8)

28
-3

0
24

Ve
nk

at
ar

am
an

, 1
99

0

Eu
ry

ce
rc

us
 la

m
el

la
tu

s 
(M

ül
le

r, 
17

76
)

5 
– 

20
42

 –
 1

62
19

.1
 –

 1
00

.5
Bo

ttr
el

l, 
19

75

E.
 lo

ng
iro

st
ris

 (H
an

n,
 1

98
2)

16
 –

 2
4

16
 –

 1
9 

16
.9

 –
 2

8.
3

10
.4

5 
– 

13
.2

5
0.

08
3 

– 
0.

15
3

Ha
nn

, 1
98

5

E.
 v

er
na

lis
 (H

an
n,

 1
98

2)
16

 –
 2

4
16

 –
 1

7 
16

.5
 –

 3
2.

5
8.

53
 –

 1
0.

12
0.

07
1 

– 
0.

13
0

Ha
nn

, 1
98

5

10
 –

 2
5 

35
.5

0 
– 

79
.7

15
.2

 –
 5

3.
2

69
 –

 1
35

 
0.

08
 –

 0
.3

10
Le

m
ke

 &
 B

en
ke

, 2
00

4

Gr
ap

to
le

be
ris

 
te

st
ud

in
ar

ia
 

(F
is

ch
er

, 
18

51
)

5 
– 

20
23

 –
 9

5
9.

5 
– 

44
.6

Bo
ttr

el
l, 

19
75

Ka
ru

al
on

a 
m

ue
lle

ri 
(R

ic
ha

rd
, 1

89
7)

23
 –

 2
6

17
0.

18
0

Pa
na

re
lli

 e
t a

l.,
 2

01
9

Le
yd

ig
ia

 
ac

an
th

oc
er

co
id

es
 

(F
is

ch
er

, 
18

54
)

29
23

4.
7

M
ur

ug
an

 &
 J

ob
, 1

98
2

L.
 c

ili
at

a 
(G

au
th

ie
r, 

19
39

)
28

-3
0

46
Ve

nk
at

ar
am

an
, 1

99
0

L.
 le

yd
ig

i (
Sc

hö
dl

er
, 1

86
3)

5 
– 

19
21

 –
 1

20
10

.1
 –

 6
3.

9
Ro

be
rts

on
, 1

98
8

L.
 

lo
ui

si
 

m
ex

ic
an

a 
(K

ot
ov

, 
El

ía
s-

Gu
tié

rr
ez

 &
 N

ie
to

, 2
00

3)
20

 –
 2

5
58

 –
 9

7
18

.2
 –

 3
6.

8
17

.3
4 

– 
24

.8
6

0.
12

0 
– 

0.
19

0
M

ar
tín

ez
-J

er
ón

im
o 

& 
Gó

m
ez

-D
ía

z,
 2

01
1

Ox
yu

re
lla

 lo
ng

ic
au

di
s 

(B
irg

e,
 1

91
0)

23
47

7.
50

Ca
st

ilh
o 

et
 a

l.,
 2

01
5

Pl
eu

ro
xu

s 
ad

un
cu

s 
(J

ur
in

e,
 1

82
0)

25
16

 –
 4

4
7.

4 
– 

14
.4

1.
04

 –
 1

3.
8

6.
47

 –
 0

.5
3

-0
.0

91
 –

 0
.1

49
 

Na
nd

in
i &

 S
ar

m
a,

 2
00

0

P. 
de

nt
ic

ul
at

us
 (B

irg
e,

 1
87

9)
15

 –
 2

5
8.

4 
– 

25
4.

92
 –

 1
0.

96
0.

09
6 

– 
0.

17
4 

Ke
en

, 1
96

7 
(c

ite
d 

by
 H

an
n 

19
85

)

P. 
un

ci
na

tu
s 

(B
ai

rd
, 1

85
0)

5 
– 

20
 

31
 –

 1
32

13
.6

 –
 7

8.
3

Bo
ttr

el
l, 

19
75



89Culture of Alona guttata in laboratory

Vol. 32 No. 2 • 2022

The GT in chydorids varies significantly as a function of food sour-
ce, food density, and temperature, taking values from some days (about 
10 d) up to 100 d (Table 2). The longest GT were reported for organisms 
within the subfamily Chydorinae, like Acroperus harpae (Baird, 1834) 
and Eurycercus lamellatus (Müller, 1776) when they were grown at 5 
°C, but increasing temperature to 25°C promoted significantly lower 
values of 5.30 d and 19.08 d, respectively. In the subfamily Aloninae, 
the longest GT was reported for Alona affinis (Leydig, 1860) (72.88 d 
at 5°C) while C. rectangula presented the shorter GT (4.16 d at 23.6°C) 
(Table 2). Thus, the GT of A. guttata (17.82 ± 1.15 to 27.28 ± 0.80 
d) is similar to the values reported for other chydorid species. Bottrell 
(1975) stated that the interaction of abundant food supply and increa-
sing temperature promote shorter times for every developmental stage 
in chydorids, thus, the GT can be shorten as it was observed within the 
group of A. guttata fed on N. oculata (2×106 cells/mL). On the other 
side, Muro-Cruz et al. (2002) found no significant differences for the GT 
of C. rectangula fed on C. vulgaris at either 0.5×106 or 2×106 cells/mL. 

For chydorids, the intrinsic rate of population increase (r) is genera-
lly accepted to take low values, which are in most cases below or near 
0.2/d (Martínez-Jerónimo & Gómez-Díaz, 2011; Nandini et al., 2007), 
with the exception of some species of the genus Eurycercus, which can 
reach high values for chydorids of up to 0.310/d (Table 2). Furthermore, 
the intrinsic rates of population increase are affected by temperature, 
for instance, Hann (1985) found that increasing temperatures promoted 
higher reproductive rates in chydorids by decreasing egg maturation 
times; therefore, in four species the highest “r” values were recorded 
at 24 – 25ºC. Despite A. guttata presented high growth rates in com-
parison to Pleuroxus aduncus (Jurine, 1820) 0.15/d (Nandini & Sarma, 
2000), or very similar to those of C. rectangula or Karualona muelleri 
(Richard, 1897) (Muro-Cruz et al., 2002; Panarelli et al., 2019), such 
values are below the intrinsic growth rates that other cladocerans like 
Moina sp. can reach (Sipaúba-Tavares & Bachion, 2002; Deng & Xie, 
2003; Rodríguez-Estrada et al., 2003). 

In relation to algal density, some cladoceran species are adapted 
to either low or high densities; for instance, C. rectangula and P. adun-
cus showed lower growth rates at increasing algal densities (Nandini 
& Sarma,2000; Muro-Cruz et al. 2002). Nevertheless, these authors 
tested a single algal species. In our study, A. guttata exhibited higher 
growth rates with increasing algal density, with N. oculata as a better 
food source over C. vulgaris. 

The algal species has also significant effects on the reproduction 
and survival of A. guttata. In this study we observed that either C. vul-
garis or N. oculata were good food source, which promoted a higher 
performance than the alga R. subcapitata. 

In the literature, the genera Chlorella and Nannochloropsis have 
been described to synthesize high amounts of polyunsaturated fatty 
acids (PUFA) in comparison to other genera like Raphidocelis (Patil et 
al., 2007); therefore, feeding on these algae could serve as a better food 
source that provides the essential nutrients to enhance reproduction 
and survival (Schlotz et al., 2012). 

Up to date, three publications have reported the survival and fer-
tility of A. guttata. On the one side, Garza-León et al. (2017) and Oso-
rio-Treviño et al. (2019) carried out partial life table analysis with similar 
algal densities (N. oculata at 2×106 cells/mL) and temperature (25°C) 
than the present study; an on the other side, Cortez-Silva et al. (2022) 

studied the life cycle but used R. subcapitata as food source and tempe-
rature within the interval here tested. In these studies, neither of them 
employed any substrate in the culture media, and despite A. guttata 
survived and produced offspring in those conditions, we found out that 
the inclusion of substrate improved the performance of these chydorids, 
increasing their rate of population growth and survival. It has been de-
monstrated that not all chydorids grow better on a diet composed solely 
of microalgae but rather on one of detritus or bacteria (Smirnov, 1962; 
Vijverberg & Boersma, 1997), although a mixed diet could be more im-
portant for chydorids nutrition (Lemke et al., 2007).

In conclusion, A. guttata can feed on either C. vulgaris or N. oculata, 
increasing their longevity and fertility when algal density is high (2×106 
cells/mL). Temperature had significant effects on the life history of A. 
guttata, but is was the interaction with the algal density and algal spe-
cies which produced more significant effects on the performance of A. 
guttata. The continuous production of offspring and long survival in A. 
guttata allowed intrinsic growth rates that are among the highest within 
the family Chydoridae, which might suggest this species to be cultured 
for further purposes like aquaculture (since some Alona species form 
part of fish diets) or ecotoxicological studies, which have already been 
reported in the literature. 
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