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Reproductive period and fecundity of Serrapinnus piaba
(Characidae: Cheirodontinae)
fromtherioCearaMirim, Rio Grandedo Norte, Brazil

JaciraSilvano*, CristinaL. C. Oliveira**,
Clarice B. Fiahho** and Hélio C. B. Gurgel***

Specimens of Serrapinnus piaba were collected monthly from April 2001 to April 2002 intherio CearaMirim, Rio Grande do
Norte State, Brazil. The reproductive period, determined through the monthly variation of the gonadosomatic index (GSI) and
maturation stages, occurred from January to April. Non-parametric Spearman test was performed in order to test correlation of
monthly GSI variation in males and females with water temperature, rainfall and day length. Rainfall and Temperature were
correlated with GSI variation in females only and day length showed a negative correlation with GSI variation of malesonly. It
was verified the presence of hooks on the anal fin of mature and maturing males along all the period of study. The absolute
fecundity mean was 441 (+178.08) oocytes, determined by the number of yolky oocytes counted in 27 mature femal e gonads.
Therelative fecundity, estimated by the number of yolky oocytesdivided by milligram of total body weight was 0.74 (+ 0.19).

Espécimes de Serrapinnus piaba foram col etados mensalmente de abril de 2001 aabril de 2002, norio CearaMirim, Rio Grande
do Norte, Brasil. O periodo reprodutivo, determinado através da variacdo mensal do indice gonadossomético (1GS) e estadios
de maturac&o gonadal, ocorreu dejaneiro aabril. Utilizou-se o teste ndo paramétrico de Spearman paratestar acorrelagéo entre
avariacdo mensal do |GS de machos e fémeas com temperaturada dgua, pluviosidade e fotoperiodo. A correlagéo entre IGS e
pluviosidade e |GS etemperaturafoi significativaparaasfémeas somente. A correlacéo entre o fotoperiodo e GSfoi significativa
e negativa somente para os machos. Verificou-se a presenca de ganchos na nadadeiraanal de machos em maturagéo e maduros
durante todo o periodo de estudo. A fecundidade absoluta média, estimada através da contagem dos ovécitos vitelinados de
27 fémeas maduras, foi de 441 (+178.08) ovécitos. A fecundidade rel ativa, estimadaatravés do nimero de ovécitosvitelinados
produzidos por mg de peso, foi de 0.74 (+ 0.19) ovdcitos por miligrama de peso total.
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Introduction

The subfamily Cheirodontinae is constituted by small
characid fish species, usually with amaximum of 30-40 mm
of standard length. They are generaly abundant in lentic
and lowland waters, occurring in the South and Central
Americas and being the only Characiformesfound west slope
of the Andes, in Chile (Malabarba, 1998). The Cheirodontinae

are characterized by the presence of atriangular opening in
the musculature covering the anterior part of the swim
bladder in both sides of the body, named pseudotympanum.
Besides this character, the shape of the teeth, pedunculated
and expanded in its distal portion, the presence of a single
series of teeth in the premaxillaand the absence of ahumeral
spot diagnose the members of this subfamily (Malabarba,
1998).
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62 Reproductive period and fecundity of Serrapinus piaba

Serrapinnus piaba (L itken, 1874) isasmall cheirodontine
with external fertilization, with adistribution covering the Sdo
Francisco river basin and coastal riversof northeastern Brazil
down to Espirito Santo state (L. R. Malabarba, pers. comm.).
Until not long ago this species was referred in the genus
Cheirodon Girard, 1855. However, given the study made by
Malabarba (1998) this species was transferred to the genus
Serrapinnus Malabarba, 1998, tribe Cheirodontini by sharing
with other species of this genus several derived characters
related to the shape of the anal fin raysand procurrent ventral
caudal-fin rays of males.

Few works have been done on the reproductive biol ogy
in Cheirodontinae. Gelain et al. (1999) described
reproductive aspects of Serrapinnus calliurus (Boulenger,
1900). Braum et al. (2000) described the reproductive
biology of Cheirodon ibicuhiensis Eigenmann, 1915, while
Oliveira et al. (2002) treated the reproductive period,
spawning and fecundity of the same species. It is worth
mentioning that all these works were done in southern
Brazil, in a subtropical climate. Sendra & Freyre (1981)
studied growth and survival in Cheirodon interruptus
(Jenyns, 1842). Burns et al. (1997) described the
morphology of the spermatozoid in inseminating
cheirodontines (those species which males transfer
spermatozoids to female ovaries, but no developing
embryos are found and the exact moment of fecundationis
unknown).

Vazzoler & Menezes (1992) stated that knowledge of the
reproductive tactic is fundamental to understand the life
cycle strategies of the species. Adebisi (1987) comments
that fecundity estimates are important to identify the
production potential and consequently the exploitation and
management of the species. Given that, and added to the
shortage of information on the reproductive biology of
cheirodontine speciesfrom Tropical zones, the present work
aims to the describe the reproductive period of S. piaba
from the rio Cear&-Mirim, Rio Grande do Norte, Brazil,
correlating that with abiotic dataand estimating the absolute
and relative fecundities.

Materialsand M ethods

The studied specimens were collected in the rio Ceara
Mirim (5°37' 47" Sand 35°37' 9" W), inthemunicipio de Taipu,
Distrito de Umari, state of Rio Grande do Norte, Brazil, from
April 2001 to April 2002, totalizing 4,218 individuals. Therio
CearaMirimisone of the main hydrographical basins of the
Rio Grande do Norte state, with approximately 2,770 km2
(Nobrega-Janior, 1986). At the collecting point, the bottom
of theriver is sandy and the maximum depthis1.20 m. The
river has a maximum width of 5 m; the water is transparent
alternating middle velocity water and still areas. There are
abundant floating and submerged vegetation, and just
grasses at river margins.

The fishes were collected with a seine net, 5 mm mesh,
being the animalsfixed in 10% formaldehydein the field. In

thelaboratory, the specimenswere transferred to ethanol 70%,
and taken random sub samples of 40 individuals each (20
malesand 20 femal es) monthly. Thefollowing dataweretaken
of each specimen: standard length (Lp) in mm, total weight
(Wt) and gonad weight (Wg) in grams. Voucher specimens
were catal ogued in thefish collection of Universidade Federa
do Rio Grande do Sul (UFRGS5807).

The presence of anal fin hooks was observed for malesto
correlate with the degree of male gonadal maturation.

Monthly relative frequencies of the gonadal maturation
stages were estimated for males and femal es. The gonadal
maturation stages of the females were classified as in
maturation, mature, spawning and spent, considering
macroscopic characters as color, vascul arization, presence
or absence of oocytes and gonad size in relationship with
the abdominal cavity, following Vazzoler (1996). Male
gonads were classified according to Oliveira (2003), as
follows: immature - transparent, narrow and visible only
under microscope; only spermatogonia are found under
histological analysis. In maturation - white, slender, visible
at dissection without microscope; under histology,
presents several spermatogonia, primary and secondary
spermatocytes, a few spermatides and spermatozoids.
Mature — white, large and thick, with irregular borders;
under histology, presents all stages of spermatogenesis
(spermatogonia, primary and secondary spermatocytes,
spermatides and spermatozoids) and mature sperm filling
testicular tubules.

Some gonads of males and females identified macros-
copically as each maturation stage were checked through
histological analysis. Gonads were dehydrated and included
in paraffin; and sectioned at 5 pm in a Leica microtome,
model RM 2145. Sections were stained with Hematoxylin
and Eosin.

The reproductive period was determined through the
analysis of the monthly variation of the mean of the
gonadosomatic index (GSl), based on Santos (1978), aswell
as by the monthly variation of the relative frequencies of
the gonadal maturation stages. The GSI was calculated
through the following expression: GSI = (Wg / Wt) x 100,
where Wg = gonad weight and Wt = total weight.

The absolute fecundity was estimated counting all yolk
oocytes present in 27 mature ovaries. Relationships of
absolute fecundity with standard length (Ls) and total
weight (Wt) were established using the least squares
method. Therelative fecundity was estimated by the number
of oocytes produced divided by body weight (g), according
to Adebisi (1987).

The data on rainfall were obtained through Empresa
de Pesquisa Agropecuaria of Rio Grande do Norte state,
northeastern Brazil. Photoperiod data (sunrise and sunset
times) were obtained through the SkyMap software.
Water temperature was taken with a thermometer at the
time of collection. The non-parametric Spearman test was
used to verify the correlation between GSI and abiotic
data.
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Fig. 1. Monthly variation of the mean of the gonado-
somatic index (GSI) for males and femal es of Serrapinnus
piaba collected intherio CearaMirim, from April 2001 to
April 2002. Vertical bars represent the standard deviation
(SD).

Results

We analyzed 254 males and 254 females, with standard
lengthsvarying from 20.22 to 30.18 mm for femalesand from
21.73t028.42 mmfor males.

The gonadal maturation curve (Fig. 1) indicates that the
reproductive period of S. piabafemalesstart in January, when
GSlI increases, reaching the highest GSI mean in April. The
monthly distribution of the relative frequencies of gonadal
maturation stages (Fig. 2) shows females in maturation in
October; mature and spawning femalesare found from January
through the end of the study, in April 2002, with a predo-
minance of the mature stage.

High GSI meanswere observed al over theyear in males
(Fig. 1). However, thereisapeak in GSI mean in April 2002
coinciding with the GSI peak observed for females. The
monthly distribution of the relative frequencies of gonadal
maturation stages for males showed the mature stage was
present during all the studied period (Fig. 2). Males also
presented spermatogenic activity in the testis all along the
year, as observed through histology.
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Fig. 2. Monthly variation of the frequencies of the gonadal
maturity stages determined according to macroscopic
observation of the gonads for males and females of Serra-
pinnus piaba collected intherio CearaMirim from April 2001
to April 2002.

All in maturation and mature males had well-devel oped
hooks along the anterior five to seven branched anal-fin rays.
No immature males were collected. Hooks were present in
males along all the studied period.

The absolute fecundity had an average value of 441
(£178.08) oocytes, with arange of 190 to 835, corresponding
to 27 females with standard lengths of 23.46 to 30.18 mm.
Rel ationshi ps between absol ute fecundity and standard length
was adjusted to potential equation (Fecundity = 2E-05 SL494)
and between absol ute fecundity and total weight was adjusted
to exponential equation (Fecundity = 94.968€*>40"WT), The
average relative fecundity was 0.74 (£ 0.19) oocytes per mg
total weight.

According to the Table 1, the water temperature data
obtained during the study period had a range of 21.5°C
(September) to 32.0°C (April). Total pluviosity varied from O
mm in September and October to 192.5 mm in April and the
photoperiod had a 39 minutes variation (Tablel).

The correlation between GSI and pluviosity was not
significant for males (r = 0.03 and p > 0.3195) but significant
for females (r = 0.69 and p > 0.009). For temperature the
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correlation was again significant for females (r =0.68 and
p < 0.010), whilst for malesthisdid not occur (r = 0.46 and
p > 0.107). For the photoperiod the correlation obtained
was significant and negative for males (r = -0.55 and p <
0.047), with the same not valid for females (r =-0.21 and p
>0.475).

Discussion

Serrapinnus piaba lives in the Brazilian northeast, a
region characterized by periods with intense pluviometric
precipitation but also long dry periods. In the studied area
it was observed a period of low pluviosity, from July to
December, and two periods of high pluviosity from April
to June 2001 and from January to March 2002. The
correlation between female GSI variation and pluviosity
values was significant, showing that the reproductive cycle
of this species coincides with periods of maximum
pluviosity. The reproductive period of fish species
inhabiting low latitudes, asin northeastern Brazil, is gene-
rally associated with an increase in pluviosity, which exerts
an indirect influence on the reproductive period of such
species, sinceit contributes with anincreasein food availa-
bility. According to Vazzoler & Menezes (1992) and Bye
(1989) floods provoked by high pluviosity resulted in a
nutrient increment for the environment, which would help
triggering reproduction, aswell as helping larval survival.
This species starts reproduction associated with rainfall
and is classified as seasonal-strategist according to the
patterns described by Winemiller (1989). The correlation
between pluviosity and GS| was also significant for females
of Compsura heterura, other cheirodontine collected in
therio CearaMirim in the same period as S. piaba (Olivei-
ra, 2003).

On the other side, the reproductive period of fish species
in southern Brazil, where there are no clearly marked periods
of higher or lower pluviosity, is generally associated to
photoperiod, as demonstrated for males and females of

Odontostilbe sp. (Oliveira, 2003) and for Diapoma
speculiferum (Azevedo et al., 2000) studied in higher latitu-
des(29°50' 14" S, 30° 22' 62" S, respectively). Thismarked
influence of photoperiod on the reproductive period of species
in higher latitudes in southern Brazil (as described for D.
speculiferumand Odontostilbe sp.), whereasit has no marked
influencein lower latitudes (as observed in S, piaba) is more
easily understood comparing the time difference between
longest and shortest day lengths in both examples, that
correspond to 232 minutesin the south whilst in the northeast
itisonly 39 minutes.

The reproductive period of S. piaba, comprising the
Summer months and the beginning of the Autumn, was only
detected through the average monthly variation of GS| and
gonadal maturation stages of the females, since the GSI
showed little monthly variation in males. This could be
indicative of continuous gonad activity in males, which was
confirmed through the histological analysisof thetesteswhere
all phases of spermatogenesis were observed (spermato-
gones, spermatocytes, spermatides and spermatozoids), in
both reproductive and non-reproductive periods. Males of
C. heterurawerea so activeall over theyear (Oliveira, 2003).
For females the reproductive period is evident through the
significant accumulation of vitellum in the oocytes during
maturation, with higher values of GS| between January and
April. Thisindicates that spawning period is determined by
female’s maturation that occurred along a short period of the
year. These females seem to have parcelled spawning, as
determined by the recognition of empty folliclesand different
phases of oocyte development in the ovaries of spawning
females.

According to Vazzoler (1996) fecundity depends on the
volume of the coelomatic cavity availableto housethe mature
oocytesand the size (volume) of these. Fecundity and mature
oocyte diameter are very labile, varying between the
reproductive periods and between individuals of the same
size and in the same reproductive period (Vazzoler, 1996).
According to Hartz et al. (1994), al vitellinate oocytes must

Table 1. Abiotic data(rainfal, day length and temperature) and monthly variation of the means of the gonadosomatic index (GSI)
(* standard deviation) for malesand femal es of Serrapinnuspiaba, collectedintherio CearaMirim, from April 2001 to April 2002.

Months Males GSI Females GSI Rainfall Day length Temperature
(mm) (min.) (°C)
Apr/01 1.3764 + 0.42 4.5754+33 192.5 716 32.7
May/01 1.1479 £ 0.37 2.8257+£1.72 11.6 712 27.0
Jun/01 1.2265 £ 0.39 1.8637 £ 1.89 108.3 708 26.0
Jul/01 0.8381+£0.43 1.6946 + 1.29 37.0 709 23.5
Aug/01 0.9640 + 0.42 1.4995 +1.88 20.4 714 24.5
Sep/01 1.0204 £ 0.49 1.2632 +2.87 0.0 724 21.5
Oct/01 0.7986 £ 0.59 1.3288 £2.10 0.0 733 24.0
Nov/01 0.6391 £0.32 0.9105£1.01 18.2 741 24.5
Dec/01 0.8954 £ 0.34 1.1106 £ 1.09 3.6 747 28.8
Jan/02 0.7451 £0.31 3.3132+2.24 103.0 742 27.5
Feb/02 1.0336 £ 0.32 5.4294 £ 1.95 57.8 734 28.5
Mar/02 0.9068 £ 0.34 5.6042 +3.51 180.1 728 29.5
Apr/02 1.6923 £ 0.44 9.9705 +3.37 36.0 716 30.0
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be considered to estimate fecundity, that is, those to be
spawned during the reproductive period. Based on this, the
absolute average fecundity for S. piaba was estimated as 441
oocytes (£178.08). Similar results were observed for other
cheirodontines of similar size, as S calliuruswith 406 oocytes
(Gelainet al. 1999) and C. ibicuhiensiswith 635 (Braun et al.
2000) and 513 oocytes (Oliveiraet al. 2002). Whentherelative
fecundity is compared, S. piaba has arelatively higher value
(0.74 oocytes/mg), than C. ibicuhiensis with 0.5 oocytes per
mg (Oliveiraetal. 2002) and S. calliuruswith 0.6 oocytes per
mg (Gelainet al. 1999).

Relationships between absolute fecundity and standard
length, and absolute fecundity and total weight, indicate an
increase in fecundity, proportionally to the fish increase in
sizeand weight. Bagenal & Braum (1978) and Wootton (1991)
also observed an exponential rel ationship between the number
of oocytes and female weight.

The fin ray hooks are bone extensions appearing in the
fin rays of males of various species of thefamily Characidae.
They are used as characters in species identification for this
family, aswell asin the definition of some supra specific taxa
in Cheirodontinae (M alabarba, 1998) or other characid groups.
In the genus Serrapinnus these hooks become progressively
widened, laminar and triangul ar, forming aserrated marginin
the posterior face of the rays. In males of S piaba, rayswith
hooks in the anal fin expand in the cephalo-caudal direction,
becoming progressively fused, transforming thefirst anal fin
rays in rigid structures formed by a single piece, being
considered an apomorphy compared to regularly segmented
rays of the other characids (Malabarba, 1998). No information
is available, however, about the process of development of
these structures.

According to Wiley & Collette (1970) the hooks can serve
as contact organs during courtship. Garutti (1990) proposed
that fin hooks in characids develop only during the
reproductive stage, being subsequently lost, based on the
observation of the absence of fin hooks in Astyanax
bimaculatus (Linnaeus, 1758) after the reproductive period.
Andrade et al. (1984), however, studying the same species,
observed hooks in males during the 18 months of their
experiment, suggesting that it is constant in adult males of
this species. Silva (1996) also found hooksin males after the
reproductive period. It was not possible to investigate hook
development in S. piaba, due to the reduced number of fishes
in maturation and the lack of immature individuals, but hook
permanencein malesall alongtheyear and outsidethefemale's
reproductive period was evident.
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