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ABSTRACT. Environmental factors and social interactions are known to affect somatic growth and reproduction
in teleost fish. It has been described for Cichlasoma dimerus that only one pair is formed under a wide range
of laboratory conditions. However, this was not observed in tanks composed of three males and three females,
where multiple pair formation occurred. Thus, our objective was to evaluate somatic growth and reproductive
performance in C. dimerus under this particular condition, in which more than one pair is expected to be formed.
A clear sexual growth dimorphism, with males growing faster than females, and multiple pair formation,
sometimes simultaneously, were observed. Both features were absent in previous studies with other aquaria
structures. Additionally, there was a significant association between reproductive events and body size, where
the bigger the fish, both male and female, the higher the number of reproductive events. Despite the sexual
growth dimorphism, no differences were observed between males and females in IGF-I and GHR2 mRNA
levels. The results obtained for this social species show a high inter-individual variability in the aquaria in
regard to reproductive success and growth. This may have implications on experimental design, where a low
level of heterogeneity between fish is desirable. If this variability is not taken into account, possible treatment
effects may not be detected.

KEY WORDS: Body size, cichlids, growth dimorphism, reproductive events.

INTRODUCTION

In teleost fish somatic growth is affected by
environmental factors such as variations in the
photoperiod (VERA CRUZ & BROWN, 2009),
temperature (GABILLARD et al., 2005), social
interactions and food availability (VERA CRUZ
& BROWN, 2007, 2009). Somatic growth is
defined as a change in size over time. This can
be assessed by measuring differences in length
and/or weight, implying different physiological
processes (BECKMAN, 2011). Therefore,
somatic growth is presented in literature by
diverse parameters such as difference between
final and initial length or body weight, somatic
growth rate and condition factor among others.

Growth is regulated by the growth hormone
(GH)/ insulin-like growth factor-I (IGF-I) axis
(DUAN, 1998; BJORNSSON et al., 2002; WOOD
et al., 2005; REINECKE, 2010). GH acts directly
on certain tissues and indirectly via endocrine or
local IGF-I production (ROUSSEAU & DUFOUR,
2007). GH exerts its actions by binding to specific
receptors (GHRs). Two GHR types have been
described: GHR1, which has been proposed to
be the somatolactin receptor, and GHR2, the GH
receptor (FUKADA et al., 2004, 2005). The liver
is the primary source of circulating IGF-I, but
its expression is well documented in other extra-
hepatic tissues with a possible local function
(REINDL & SHERIDAN, 2012). BECKMAN (2011)
discusses the use of IGF-I as a possible indicator
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of somatic growth in fish and concludes that
before using IGF-I as a growth index in a
given situation, the concordance between IGF-1
and growth should be tested in that particular
situation.

Somatic growth heterogeneity is a characteristic
present in many teleost fish (FERNANDES &
VOLPATO, 1993; STEFANSSON et al., 2000; VERA
CRUZ & BROWN, 2007). Social hierarchies,
differences in feeding, and gender are factors that
could affect somatic growth rates (JOBLING &
REINSNES, 1986; RILEY et al., 2002a; MANDIKI
et al., 2004; VERA CRUZ & BROWN, 2007; J1
et al., 2011). Many vertebrate species establish
social hierarchies with dominant and subordinate
individuals. Several studies carried out in fishes
show that dominant individuals aggressively
defend their territory and are reproductively
active (ELLIS, 1995; FERNALD & HIRATA, 1977;
SAPOLSKY, 2005; FERNALD, 2009; RYDER et
al., 2009), with some social species showing a
relationship between agonistic interactions and
size (ABBOT et al., 1985; BEAUGRAND et al.,
1996). Besides, it has been observed that social
interactions and feeding hierarchies result in
individual growth rate variations (JOBLING &
REINSNES, 1986; RILEY et al., 2002a; MANDIKI
et al., 2004; VERA CRUZ & BROWN, 2007; JI
et al.,, 2011). In addition, it is well-known that
certain fish species exhibit sexual dimorphism
in somatic growth. For instance, in some species
males grow faster than females, such as in the
tilapia Oreochromis mossambicus (PETERS,
1852) (RILEY etal., 2002a), and in others females
grow faster than males, such as half-smooth
tongue sole Cynoglossus semilaevis (GUNTHER,
1873) (J1 et al., 2011) or Eurasian perch Perca
Sfluviatilis (LINNAEUS, 1758) (MANDIKI et al.,
2004). Several studies suggest that gonadal
steroid hormones modulate the GH-IGF-I axis
in fishes (RILEY et al., 2002b, ARSENAULT et
al., 2004; LARSEN et al., 2004; MANDIKI et al.,
2004; DAVIS et al., 2007, 2008).

Cichlasoma dimerus (HECKEL, 1840) is a
South American cichlid fish that exhibits high
growth rates under laboratory conditions. As

many cichlids do, C. dimerus displays highly
organized breeding activities, as can be observed
in the laboratory. The dominant pair will
aggressively defend the prospective spawning
site (usually a flat stone) and will start to display
stereotyped pre-spawning activities (PANDOLFI
et al., 2009). In a pair, the male is bigger than
the female. The somatic growth rate and the
reproductive performance in a time period
depend on the condition in which the fish are
maintained. For example, in tanks composed
of four males and four females only one pair is
formed between a female and the biggest male in
the aquaria (preliminary results of our laboratory
and ALONSO et al., 2011). In these conditions
we did not observe differences in somatic
growth rate between genders. On the other hand,
in tanks composed of three males and three
females, multiple pairs are established (previous
observation). Thereby, the aim of the present
study was to evaluate somatic growth and sexual
performance in fish maintained in tanks where
more than a pair is expected to be formed.

MATERIALS AND METHODS
Animals
Adult C. dimerus were collected from

“Esteros del Riachuelo”, Corrientes, Argentina
(27°12°50°S, 58°11°50”W), transferred to the
laboratory and acclimated in fresh water tanks
(400I) under stable conditions of temperature
(25 £ 3)°C and photoperiod (14 hours light:10
hours dark). Pairs of C. dimerus established in
these tanks were withdrawn and maintained
together in individual aquaria until their use
in the experiment. During this time, fish were
fed daily with commercial pellets (Tetra Pond
Variety Blend, Tetra). A pair was considered
formed after a reproductive event occurred.
Suitable actions were followed to minimize pain
or discomfort to fish. Principles of laboratory
animal care (Guidelines on the care and the
use of fishes in research, teaching and testing,
Canadian Council on Animal Care, 2005) were
adopted. Experiments comply with the approval
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of Comision Institucional para el Cuidado y
Uso de Animales de Laboratorio, Facultad de
Ciencias Exactas y Naturales, Buenos Aires,
Argentina (protocol number 26).

Experimental protocol

The experiment was carried out from November
2010 to May 2014. Each replication (n = 5)
consisted of three pairs (the ones previously
obtained) placed in a 400L aquarium (density
= 15 fish/m?) containing gravel, artificial plants
and some slabs, under the same temperature and
photoperiod conditions as described above. Initial
body mass (BM, males: 18.57 = 1.1 g; females:
14.77+1.08 g) and total length (L, males: 9.87 +
0.19 cm; females: 9.20+0.24 cm) were measured
(P = 0.07 after MANOVA for differences in
initial L, and BM) immediately preceding the
experiment. Animals were kept for two months
under these experimental conditions and daily
fed with the same commercial pellets. During
this period, they were individually identified by
their sizes and the particular spot pattern in their
fins. Every day during 30 minutes, between 11-
12 AM, feeding behaviour, reproductive events
and hierarchy status were visually registered. In
addition, several times during the course of each
experiment, a video recording was performed.
Feeding behaviour, rather than food intake, was
evaluated as the intention of the fish to catch a
pellet. When these fish take a pellet into their
mouths, they spit it out many times. Therefore it
is not possible to directly quantify the amount of
food actually ingested.

In order to evaluate a possible relationship
between the number of reproductive events
(defined as the egg spawning and the posterior
fertilization by the males’ sperm release) and
initial body size, each fish per tank was classified
according to its sex and initial BM or L. The
smallest fish in a tank was ranked as number 1,
the next one as number 2 and the biggest one as
number 3. This classification was carried out for
males and females separately.

Tissue sample and transcripts quantification

After a two months span, BM and L,
were measured. Fish were anesthetized with
benzocaine 0.1%, euthanized by decapitation,
and livers collected. As indicators of the
nutritional status, hepatosomatic index (I, =
organ mass/body mass*100) and condition
factor (CF = BM*(L,)**100) were calculated.
For evaluating growth in each fish during the
two months experiment AL, (final L, - initial L),
ABM (final BM - initial BM) and specific growth
rate (SGR) were calculated. SGR is defined as
Ln(Xf/Xi)* t'*1000, where t is time measured in
days and Xf and Xi denote BM or L, at final and
initial moment of the experiment, respectively.

Total liver RNA of 16 fish from three
tanks was obtained by TRIzol® (Invitrogen)
following manufacturer’s instructions, and the
corresponding cDNA was synthesized in order to
quantify the different transcripts by quantitative
real-time polymerase chain reaction (RT-
gPCR). RT-qPCRs for IGF-I, GHR2 and acidic
ribosomal phosphoprotein PO (ARP) (reference
gene) were performed by using FastStart
Universal SyBR green Master (ROCHE) with a
mixture of forward and reverse specific primers
(Table 1) and 2.5ul of cDNA template per tube.
The RT-qPCR protocol was as follows: 10min of
denaturation at 95°C and 40 cycles of 95°C for
15 sec, 58°C for 30 sec and 72°C for 20 sec.

TABLE 1
Primers used for Real Time qPCR.

Name Sequence (5’ to 3°)

GHR?2 forward | ACTGCTCTCCACTCTCAATTG
GHR2 reverse | AAAGGTGATGGTTCTGGGTC
IGF-I forward |CTCCCAAGATTTCTCGCTCTG
CCCTTCTCCGCTTTACTAACC
ACTGTGGGAGCAGACAATG

TCCAGTGCAGGATTGTTCTC

IGF-I reverse
ARP forward
ARP reverse
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Statistical analysis

Differences in mean total length (AL,) and body
mass (ABM) between genders were evaluated
by using a Randomized Block Design (RBD)
ANOVA considering the fixed factor gender
and the random factor experimental replication
(i.e, each tank). In order to discard any influence
of the initial body size on growth performance
between genders, Pearson’s correlations between
initial L., against AL, and BM against ABM for
each sex were performed. For statistical analysis
a single value per sex was used by averaging
three fish per tank to avoid pseudo-replication.
A Spearman’s correlation was run to determine
the relationship between reproductive events and
body size ranks.

Raw qPCR data were submitted to LinRegPCR
software processing in order to obtain initial
fluorescence values per sample for subsequent
analysis (RAMAKERS et al., 2003; RUITER et
al., 2009). Pearson’s correlations were used to
evaluate possible associations between IGF-I
mRNA levels and ABM, AL and SGRs. IGF-I
and GHR2 mRNA levels between genders were
analyzed by using a RBD ANOVA as it was done
for morphometric parameters.
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Values are expressed as means + S.E.M.
Statistical tests were considered significant when
p-values were less than 0.05 by using InfoStat/L
software. Sequential Bonferroni’s correction
was applied to keep the type I family-wise error
rate at 0.05 level.

RESULTS

Morphometric parameters

AL and ABM were significantly higher in
males than in females (0.60 = 0.09 cm vs. 0.16 &
0.07 ¢cm, P =0.0034) and (4.32 £ 0.95g vs. 0.90
+ 0.26g, P = 0.0285), respectively (Fig. 1a,b).
For the sizes assessed in this experiment, we
did not find any significant correlations between
initial body size and AL or ABM (Pearson’s
correlation, P>0.05). In addition, SGR(L,) was
significantly higher in males than in females (1.36
+0.32 vs. 0.32 £0.15 respectively, P =0.0194).
Although ABM was higher in males than in
females, the differences for the SGR(BM) were
not statistically significant (3.49 £+ 1.46 vs. 0.96
+ 0.31 respectively, P = 0.1298). Even though
females had a higher I, the difference between
genders was not significant (males: 1.37£0.11%
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Fig. 1. — Morphometric parameters in three-pair tanks. Vertical bars represent the mean gain in (a) total length
(AL)), (b), body mass (ABM) and (c) hepatosomatic index (I,;). M: males; F: females. Results are presented as

mean + SEM. ***P<(.001.
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vs females: 1.78 = 0.30%, P = 0.3146) (Fig. 1c)
nor was it for CF (males: 1.81 + 0.08 vs females:
1.87+£0.11, P =0.7579).

Reproductive performance

As expected for this species, we observed
aggressive behaviour of the reproductive pair
defending the spawning site. This behaviour
continued during the reproductive event and the
period of parental care.

In all the replications, as was expected from
previous observations, more than one pair was
observed during the experimental period. Those
pairs were not stable, which means that after
the reproductive event a new pair was formed,
including one or both of these individuals.
On some occasions, two pairs were present
simultaneously. There was a strong positive
monotonic correlation between reproductive
events and the initial body size ranking for males
(Spearman’s correlation, L, ranking: r = 0.78,
P =0.0011; BM ranking: r = 0.85, P = 0.0001)
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and females (Spearman’s correlation, L, ranking:
r,= 0.69, P = 0.0048;, BM ranking: r = 0.69, P
= 0.0048). The greater number of reproductive
events was associated with the larger fish
present in every tank for both genders (Fig. 2).
In all the replications, the first pair involved the
biggest male. Initial pairs, established before the
beginning of the experiment, were not necessarily
maintained.

Additionally, video recordings suggested no
difference in feeding behaviour among fish of
the same tank. Even during the reproductive
event and parental care, the pair showed similar
feeding behaviour to the other fish in the tank.

Hepatic IGF-I and GHR2 mRNA expression

There was no difference in hepatic IGF-I
mRNA levels (P>0.05, Fig. 3a) nor in GHR2
mRNA levels (P>0.05, Fig. 3b) between genders.
No correlations between hepatic IGF-I mRNA
levels and ABM, AL, and SGR were observed
(Pearson’s correlation, P>0.05).

Body mass

1 2 3 1 2

(%) (%
P P Gender

3 Body size rank

Fig. 2. — Relationship between reproductive events and the body size ranks. For both genders a greater number
of reproductive events was associated with the larger fish present in every tank. Spearman’s correlation was
significant for total length (a) and body mass (b) both in males and females. Fish were ordered according to body
size: 1: small; 2: intermediate; 3: big. Results are presented as mean + SEM
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Fig. 3. — Hepatic IGF-I (a) and GHR2 (b) mRNA levels in males and females from three-pair tanks. Data were
normalized using ARP as a reference gene and presented as a mean = SEM. No differences were observed in
IGF-I and GHR2 mRNA levels between genders after an RBD ANOVA test. M: males; F: females.

DISCUSSION

Heterogeneous somatic growth is a common
characteristic in fish populations (FERNANDES &
VOLPATO, 1993; STEFANSSON et al., 2000; VERA
CRUZ et al., 2007). For instance, differences
in somatic growth between dominants and
subordinates (KOEBELE, 1985; VERA CRUZ &
BROWN, 2007) or between genders (RILEY et al.,
2002a; DAVIS et al., 2008) have been described
for many cichlid fish species. In this study, sexual
growth dimorphism was clearly demonstrated by
evaluating the difference between sexes in body
mass and total length gain after two months of
experiment. This comparison showed that males
grew more than females. However, as ABM
and AL, can be influenced by their values at the
beginning of the experiment, we also compared
their SGR values. These results are in line with
those obtained with ABM and AL, showing
that males display higher specific growth
rates, statistically significant at least regarding
length, compared to females. Additionally,
we demonstrated that for the fish sizes used in
this study, there was no relationship between

the initial body size and ABM or AL, for each
sex, which therefore excludes the possibility of
any influence of the initial body size on growth
performance. Taken together, these results give
strong evidence for sexual growth dimorphism
in C. dimerus.

A role of steroids in the promotion of somatic
growth has been studied in several species. In
fishes in which males grow more than females,
administration of androgens promotes growth
and an increment in IGF-I (RILEY et al., 2002a, b)
whereas estradiol (E2) decreases it. In contrast,
in those fishes in which females grow more than
males, E2 would promote growth (MALISON et
al., 1985; MALISON et al., 1988; HAYWARD et
al., 2001) and also an increase in IGF-I (GOETZ
et al., 2009). Additionally, in Eurasian perch P.
Sfluviatilis, androgens produced a decrease in
growth (MANDIKI et al., 2004). In the present
study fish were in different reproductive states
at the end of the experiment; gonodal steroids
were therefore not measured due to the high
variability expected. The question is, why was a
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clear sexual growth dimorphism observed in our
experimental design? One possibility is that the
sexual growth dimorphism was due to differences
in food intake between males and females.
However, this scenario seems to be unlikely as
no apparent differences in feeding behaviour
were observed. Moreover, the nutritional status
parameters, hepatosomatic index and condition
factor, were not different between genders. In
our experiments fish were fed daily and food
availability was never restricted, which should
exclude the possibility of inequality in food
availability. Another possibility could be a
differential feed efficiency conversion between
males and females and/or a bigger requirement
of metabolic energy for reproduction in females,
which would impact negatively on growth rate
(MANDIKI et al., 2004). Specific experiments
would be necessary to elucidate if the sexual
growth dimorphism is due to differences in food
intake and/or feed efficiency conversion.

Additionally, reproductive performance also
depends on the tank conditions. Multiple pair
formation was observed when three pairs were
placed in the aquaria, a feature absent in four-
pair tanks (preliminary results of our laboratory
and ALONSO et al., 2011). The first pair formed
always included the biggest male. Interestingly,
in all tanks a strong correlation between
reproductive events and body size was observed,
where the bigger the fish, both male and female,
the higher the number of reproductive events. To
our knowledge this is the first report describing
this association. In other reports, a positive
correlation was observed between body size and
fecundity success, but in those cases fecundity
success was inferred as testis mass (PUJORAL et
al., 2012), number of eggs per ovary (HOSSAIN
et al.,, 2012) and sperm content (WATANABE
et al., 2008). While gonadal parameters are
widely used as indicators for fecundity, this
does not necessarily imply new offspring
because it depends on other events such as pair
establishment and quality of the gametes among

others. Unlike those approaches, our results
show strong evidence on this issue.

In view of the somatic growth dimorphism
observed, we investigated if there were changes
in somatic growth axis that could explain this
morphometric result. Unfortunately we could
not measure GH expression in all the pituitaries
due to technical issues during RNA extraction. In
ordertotestifin C. dimerus apositive relationship
exists between hepatic IGF-I mRNA and somatic
growth, these parameters were compared in
females and males. No correlation was observed
between growth and IGF-I levels. Our results are
in accordance with those obtained in chinook
salmon Oncorhynchus tshawytscha (WALBAUM,
1792) and barramundi Lates calcarifer (BLOCH,
1790) (SILVERSTEIN et al., 1998; NANKERVIS et
al., 2000). As summarized by Beckman (2011,
p.- 236-237), there are different relationships
between IGF-I levels and somatic growth. In the
present work hepatic IGF-I mRNA was measured
at the end of the experiment i.e. at a specific
time point. Unfortunately, it was impossible to
measure IGF-I plasma levels due to the small
plasma sample obtained. A possible scenario
would have been to measure plasma IGF-I
during the experiment (longitudinal design)
but this kind of experimental design would
have impacted negatively on the reproductive
behaviour. Also, another component of the
somatic growth axis, GHR2 was measured. No
differences were observed in hepatic GHR2
mRNA levels, in agreement with no variations
in IGF-I between genders. This result differs
from that obtained in the Mozambique tilapia O.
mossambicus (DAVIS et al., 2008) where males,
which present greater somatic growth rates than
females, showed higher level expression for both
GHRI1 and GHR2 mRNA receptors in the liver.
Although in C. dimerus there were no differences
at the expression level, possible differences at the
protein level cannot be ruled out. More studies
including measurements of plasma IGF-I and
analysis of hepatic GHR2 content are necessary
to check this out.
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CONCLUSIONS

In summary, this work shows clear sexual
growth dimorphism in fish held in tanks
containing three males and three females, and
a significant association between reproductive
events and body size. These results have
implications in the design of laboratory
experiments because it is a common practice
to sample fish from a tank irrespective of
social interactions that could be affecting
critical parameters such as somatic growth or
reproductive performance.
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