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Abstract. Some aspects of reproduction in two species of Mimagoniates, M. microlepis (Steindachner 1877) and M. rheocharis
Menezes & Weitzman 1990 are herein described. Samples were taken monthly from January 1998 to February 1999 in two
streams in the locality of Maquiné, Rio Grande do Sul, Brazil. Results from the analysis of hundreds of specimens of M. mi-
crolepis and M. rheocharis in two investigated sites indicated mature specimens and peaks of the gonadosomatic index (GSI)
along the year. There was a negative and significant correlation between M. microlepis male’s GSI and water temperature.
Females of the latter species and both sexes of M. rheocharis, in turn, showed no correlation with any of the tested parameters
(relative stomach weight, day length, rainfall). Absolute and relative fecundity are lower than in externally fertilized species
of Characidae. Maximum oocyte length was 1.14 mm for M. microlepis and 1.02 mm for M. rheocharis and both species were
characterized as total spawners based on the type of oocyte development estimated through oocyte size analysis. Features like
non-seasonal reproductive period, low fecundity, and insemination may indicate adaptive advantages, which may enhance the
chance of survival even with low energetic investment and improved fertilization.

Key-Words. Inseminating fish; Small size characins; Reproductive period; Fecundity; Spawning type.

INTRODUCTION

Mimagoniates species are small fish (~ 65 mm
- Braga et al,, 2008; 28-60 mm — Menezes & Weitz-
man, 2009) which belongs to the subfamily Glan-
dulocaudinae within Characidae, Characiformes.
Most members of Glandulocaudinae inhabit wa-
ter bodies bordered by remnants of the Atlantic
rainforest (Weitzman et al.,, 1996), one of the most
threatened biomes in the planet and among the
eight priority areas for world’s diversity conserva-
tion (Myers et al., 2000). Some of the ten species of
the subfamily are apparently adapted to narrowly
restricted habitats, and limited in distribution by
ecology. Some species may be threatened with
extinction, and one may already be extinct due to
relatively recent habitat alterations, primarily de-
forestation, by man (Menezes & Weitzman, 2009).
Their geographic distribution ranges from parts
of the eastern and southern Brazil, Paraguay, and
northeastern Uruguay (Castro et al,, 2003; Menez-
es & Weitzman, 2009). All species of Mimagoniates
are active and colorful, exhibiting shades of blue
and brown.

Some interesting traits in these species are
the presence of an organ on the base of the cau-
dal fin of adult males which is formed by modi-
fied scales and fin rays associated with glandular
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cells which produce pheromones (Atkins & Fink,
1979; Weitzman & Fink, 1985). They also present
a complex courtship behavior (Nelson, 1964)
and insemination, unusual reproductive traits in
characids which lead to transference of sperm
into female’s oviducts. Burns & Weitzman (2005)
reported about 65 species as inseminating within
the Characidae, which corresponds to about 5%
of all species of this family (~ 1,350 according to
Reis et al,, 2003). The mechanism by which this
transfer is made remains unknown. It is supposed
that fecundation occurs when spermatozoids and
oocytes reach the water, once there are no records
of embryos or even zygotes in the ovaries of these
species (Burns et al., 1995; Castro et al., 2003). The
presence of insemination, both in the Glandulo-
caudini as in other groups of the Characidae, may
have led some inseminating species to evolve dif-
ferent reproductive strategies compared to exter-
nally fertilized species (Azevedo, 2010).

The great diversity of reproductive strate-
gies found in different fish groups is one of the
main aspects of the plasticity found in fish. The
understanding of a species reproductive pattern
and its influence on population dynamics is an
important tool to stock conservation (Vazzoler
& Menezes, 1992). Traits such as reproductive
period, fecundity, and spawning type may show
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considerable variation among fish species or even dif-
ferent populations of the same species (Mazzoni & Igle-
sias-Rios, 2002).

This work aims to describe some aspects of reproduc-
tion in two species of Mimagoniates: M. microlepis (Stein-
dachner, 1877) and M. rheocharis Menezes & Weitzman,
1990, which inhabit water bodies from Maquiné river
basin in the state of Rio Grande do Sul, Brazil. Specifically,
it aims to establish if reproduction occurs seasonally, the
highest peak of reproductive activity, and which factors,
biotic or abiotic, might influence reproduction. Also, it
aims to estimate fecundity and oocyte development
type. Finally, a discussion on the species reproductive
traits and its relation to insemination is provided.

MATERIAL AND METHODS
Study sites

Site 1 (29°38'06"S, 50°14'18"W) is a stream flowing
to Maquiné river close to the main road of the munici-
pality of Maquiné, state of Rio Grande do Sul, Brazil. The
stream is relatively narrow with width ranging from 0.5
to 3 meters. The bottom is composed of mud and grav-
el with depths ranging from 0.15 to 0.60 meters. There
are rapids in the narrow places with pools in wider ar-
eas of the stream which have turbid waters due to the
mud. Site 2 (29°38'05"S, 50°14'16”"W), is a small stream
close to site 1. It consists of a very narrow and shallow
stream which crosses a small dirt road and flows into a
deep ditch. The current is fast close to the water entrance
in the ditch, slowing down as it gets far from it. The width
and depth are about 0.60 and 0.30 meters, respectively,
with a sandy-muddy bottom and a lot of organic matter
in suspension. During the period of study, the amount of
domestic sewer thrown into the water body increased,
which makes the water very dark and caused the de-
crease in the number of fish collected.

Field and laboratory work

Monthly samples were made between January 1998
and February 1999 with seine net (5 mm mesh) and dip
net (2.5 mm mesh) in two sampling sites. Water tempera-
ture was measured in the field. Rainfall data were pro-
vided by the 8t District of Meteorology of Porto Alegre
and day length was obtained with a GPS. Fish were anes-
thetized with eugenol and then fixed in 10% formalin.
Individual measurements of standard length (SL - mm),
total weight (Wt - g), gonads weight (Wg - g) and stom-
ach weight (Ws - g) were recorded. Voucher specimens
were cataloged in the fish collection of the Museu de
Ciéncias Naturais of Fundacdo Zoobotanica (MCN 18625,
18626, 19972, 19973, 19974). The gonadosomatic index
(GSI) and relative stomach weight (RSW) were calculat-
ed according to the following formulas (Santos, 1978):
GSI=Wg x 100/Wt and RSW = Ws x 100/Wt, where Wg =
gonads weight, Wt = total weight, and Ws = stomach
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weight. The gonadal maturation stages were established
through a macroscopic analysis of the gonads, according
to the following authors: Vazzoler, 1996; Azevedo et al.,
2000; Lampert et al., 2004. The reproductive period was
established through the analysis of the monthly vari-
ation of GSI mean values as well as analyzing the rela-
tive frequencies of gonadal maturation stages along the
sampling period. The absolute fecundity was estimated
by counting all yolky oocytes from mature ovaries and
the relative fecundity by the number of yolky oocytes per
milligram of female’s total body weight (Adebisi, 1987).
The values of total fecundity were regressed against
standard length, total weight and gonads weight to ver-
ify how these traits are related. The type of oocyte de-
velopment was established by measuring the diameter
of all oocytes from mature ovaries (Vazzoler, 1996). Size
classes were established, and its frequencies were plot-
ted into a graphic. The nonparametric Spearman rank
correlation was applied to the monthly mean values of
GSI and the monthly mean values of RSW, rainfall, day
length and water temperature to verify possible rela-
tionships between reproduction and biotic and abiotic
factors.

RESULTS

A total of 602 specimens of M. microlepis and 147
M. rheocharis from site 1 and 82 M. rheocharis from site 2
were analyzed. No samples were made in February 1998.
Results from abiotic data and reproductive traits of each
species in their respective site are described below.

Site 1 — The 227 males of M. microlepis ranged from 17.31
to 42.95 mm SL, and the 375 females ranged from 15.93
to 41.91 mm SL. They were collected close to the mar-
gins in broad pool areas with slow flow and relatively

Table 1. Monthly variation in mean values of GSI, RSW for males and females
of Mimagoniates microlepis from site 1in Maquiné, RS, Brazil, and rainfall, day
length, and water temperature data (January 1998 to February 1999). GSI =
gonadosomatic index; RSW = relative stomach weight.

Rainfall Day Temperature

Month GSIG GSI? RSWo RSW@Q length o
(mm) (hours) (0

J 0.40 3.33 1.88 219 23590 1358 24.00
F — — — — — J— —

M 0.50 235 3.20 3.04 204.80 11.95 19.00
A 3.06 242 236 2.89 93.20 11.12 21.00
M 418 2.96 1.66 191 85.50 10.48 18.00
J 433 3.59 1.70 2.80 67.80 10.23 15.00
J 3.13 5.92 257 213 128.70 10.27 17.00
A 5.34 7.02 1.72 3.14 183.50 10.55 17.00
S 3.27 791 3.77 3.14 160.90 11.58 18.50
0 2.00 2.20 3.14 2.30 92.60 12.18 22.00
N 3.45 1.56 2.80 251 72.80 13.37 22.00
D 234 5.23 1.90 233 126.50 13.87 23.00
J 2.54 7.64 1.72 1.62 70.40 13.97 23.40
F 2.30 6.01 2.30 2.16 83.30 13.62 24.00
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Figure 1. Frequency of occurrence of gonadal maturation stages for males (A)
and females (B) of Mimagoniates microlepis from site 1in Maquiné, RS, Brazil,
between January 1998 and February 1999. IMT = immature; MTG = matur-
ing; MAT = mature; SPW = spawning; SPT = spent.
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Figure 2. Monthly values of the gonadosomatic index (GSI) to males (A) and
females (B) of Mimagoniates microlepis from site 1in Maquiné, RS, Brazil, be-
tween January 1998 and February 1999. Open circles = average value.
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turbid water due to the muddy bottom. Temperature
ranged from 15°C to 24°C, and the average was 20.3°C
(+ 3.04 SD) (Table 1).

The frequency of gonadal maturation stages indi-
cates that both males and females have mature individu-
als in most months (Figs. 1A-B) suggesting a non-season-
al reproductive period. The GSI average values of males
ranged from 0.4 to 5.34 with highest values in May (4.18),
June (4.33), and August (5.34); other high values were
observed in September (3.27) and November (3.45). Fe-
males GSI averages ranged from 1.56 to 7.91, with high-
est values in August (7.02), September (7.91) and Janu-
ary (7.64), and other high values in July (5.92), December
(5.23) and February (6.01) (Figs. 2A-B). Therefore, mature
specimens of both sexes may occur in most months. The
highest reproductive activity of males seems to be in
winter and spring in the southern hemisphere, between
April and September and in November. In females, high-
est reproductive activity occurs in winter, spring and
summer, between July and September and between De-
cember and February 1999.

The nonparametric Spearman rank indicated a neg-
ative and significant correlation between the average
values of male’s GSI and water temperature (r = -0.7366;
p = 0.0041). No correlation was found between female’s
GSI and water temperature, and the other parameters
(RSW, rainfall and day length) did not show correlation
with males and females GSI.

Fecundity data was obtained from the analysis of 15
mature M. microlepis females which ranged from 26.65 to
32.44 mm SL and indicate a minimal of 50 and maximum
of 274 yolky oocytes with average of 135.7 (+ 73.4 SD).
Relative fecundity ranged from 0.17 to 0.47 oocytes per
milligram with an average of 0.27 (+ 0.10 SD). The big-
gest oocyte measured 1.14 mm, and the average size of
the yolky oocytes was 0.87 mm (+ 0.17 SD). Based on the
analysis of the same females, the species showed an oo-
cyte development of the type synchronic in two groups.
This kind of oocyte development is defined by the pres-
ence of a large number of translucent oocytes with a
small diameter and a peak of large, yolky oocytes ready
to be released (Fig. 3). Dispersion between the average
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Figure 3. Distribution of the relative frequencies of oocyte diameter in the
mature ovaries in females of Mimagoniates microlepis from site 1in Maquiné,
RS, Brazil, between January 1998 and February 1999.
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Table 2. Monthly variation in mean values of GSI, RSW for males and females
of Mimagoniates rheocharis from site 1in Maquiné, RS, Brazil, and water tem-
perature data (January 1998 to February 1999). GSI = gonadosomatic index;
RSW = relative stomach weight.

Month GSl & GSI? RSW & RSW?  Temperature (°C)
J 1.22 0.68 191 236 24.00
F J— — J— — —
M 0.86 0.96 238 2.56 19.00
A 1.01 1.30 343 2.68 20.00
M 4.10 271 1.75 246 18.00
J 3.26 2.00 244 297 15.50
J — — — — 17.00
A 233 — 1.83 — 17.00
S — 1.44 — 2.54 18.50
0 0.98 0.32 4.90 2.67 21.00
N — — — — 22.00
D 2.7 597 133 131 22.50
J 1.84 2.86 1.42 221 23.70
F 0.17 1.72 2.10 2.20 25.00

values of absolute fecundity and standard length and fe-
cundity and total weight were adjusted to a power equa-
tion (y = 20.775x%9773; R* = 0.5778 and y = 0.0743x°3%%;
R? = 0.8224; respectively). Dispersion between fecundity
and gonad weight were adjusted to a linear equation
(y = 0.0002x + 0.0189; R* = 0.8812).

The samples of M. rheocharis from site 1 have 84
males ranging from 20.11 to 43.02 mm SL and 63 females
ranging from 19.17 to 35.45 mm SL. In July, September
and November 1998 there were no males in the samples
as well as no females were collected in July and August.
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Figure 4. Frequency of occurrence of gonadal maturation stages for males (A)
and females (B) of Mimagoniates rheocharis from site Tin Maquiné, RS, Brazil,
between January 1998 and February 1999. IMT = immature; MTG = matur-
ing; MAT = mature; SPW = spawning; SPT = spent.
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Figure 5. Monthly values of the gonadosomatic index (GSI) for males (A) and

females (B) of Mimagoniates rheocharis from site 1in Maquiné, RS, Brazil, be-
tween January 1998 and February 1999. Open circles = average value.

In some months, the samples consisted of two to five
individuals only. The fish were sampled in small rapids
with shallow and crystalline water, often occurring in
small pools formed by the protection provided by stones
and vegetation. Temperature ranged from 15.5°C to 25°C
with an average of 20.25 (£ 3.04 SD) (Table 2).

Despite the low number of specimens in the samples,
the analysis of the frequencies of gonadal maturation
stages indicates two periods of high reproductive activ-
ity for males (May and June 1998 and December 1998
and January 1999), with mature specimens also in Janu-
ary 1998. Females showed a peak of reproductive activ-
ity in December 1998 and January 1999, with spawning
females occurring in May (Figs. 4A-B). The GSI average of
males ranged from 0.17 to 4.1 with high values in May
(4.1), June (3.26) and December (2.71). In females, GSI av-
erages ranged from 0.32 to 5.97 with highest values oc-
curring in May (2.77), December (5.97) and January (2.86)
(Figs. 5A-B).

Due to the low number of specimens in the sam-
ples and no mature females, fecundity and spawning
type were not analyzed for M. rheocharis from this site.
Spearman correlation rank did not reveal any correlation
between GSI and RSW, rainfall, day length, and tempera-
ture.
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Table 3. Monthly variation in mean values of GSI, RSW for males and females
of Mimagoniates rheocharis from site 2 in Maquiné, RS, Brazil, and rainfall,
day length and water temperature data (January 1998 to February 1999).
GSI = gonadosomatic index; RSW = relative stomach weight.

Rainfall Day Temperature

Month GSIG GSI? RSWG RSWQ length o
(mm) (hours) (0
J 0.06 0.80 4.60 440 23590 1358 26.00
F — — — — — — —
M 0.35 0.74 3.63 2.81 204.80 11.95 20.00
A 0.60 3.50 3.75 2.78 93.20 11.12 20.00
M 3.18 1.67 1.64 3.52 85.50 10.48 18.00
J 0.06 6.90 2.12 273 67.80 10.23 16.00
J 2.60 0.09 1.12 226 12870  10.27 17.00
A 218 8.17 240 1.70 183.50 10.55 17.00
S 0.23 10.25 230 221 160.90 11.58 31.00
0 — — — — 92.60 12.18 20.00
N 0.06 — 3.02 — 72.80 13.37 22.00
D 0.08 1.07 232 3.05 126.50 13.87 23.00
J — — — — 70.40 13.97 23.70
F — 0.75 — 1.20 83.30 13.62 24.00

Site 2 — The samples were represented by very few indi-
viduals on this site, mainly for M. microlepis and no anal-
ysis was performed for this species. The water tempera-
ture ranged from 17°C to 26°C with an average of 21.36°C
(+4.22 SD) (Table 3).

The samples were represented by 40 males of M. rheo-
charis whose SL ranged from 20.10 to 42.50 mm, and 42
females ranging from 17.50 to 35.84 mm. No males were
captured in October, January and February 1999. Only
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Figure 6. Frequency of occurrence of gonadal maturation stages for males (A)
and females (B) of Mimagoniates rheocharis from site 2 in Maquiné, RS, Brazil,
between January 1998 and February 1999. IMT = immature; MTG = matur-
ing; MAT = mature; SPW = spawning.
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Figure 7. Monthly values of the gonadosomatic index (GSI) to males (A) and
females (B) of Mimagoniates rheocharis from site 2 in Maquiné, RS, Brazil, be-
tween January 1998 and February 1999. Open circles = average value.

immature males occurred in January, June, November
and December 1998. No females were captured in Oc-
tober, November and January 1999; only an immature
female was sampled in July (Figs. 6A-B). The GSl average
values for males ranged from 0.23 in September to 3.18
in May, with high values in July (2.6) and August (2.18).
Females GSI averages varied from 0.74 in March to 10.25
in September, with high values in June (6.9) and August
(8.17) (Figs. 7A-B).

No correlation was found between GSI average val-
ues of both males and females M. rheocharis with the
tested parameters (RSW, rainfall, day length and water
temperature).

Fecundity was obtained through the analysis of five
M. rheocharis mature females (ranging from 28.73 and
35.84 mm SL), and the number of yolky oocytes ranged
from 98 to 438 with an average of 273.4 (+ 127.86 SD).
Relative fecundity ranged from 0.17 to 0.46 oocytes per
milligram with an average of 0.33 (= 0.11 SD). The big-
gest oocyte recorded was 1.02 mm, and the average size
of yolky oocytes was 0.81 mm (+ 0.14 SD). The type of
oocyte development of M. rheocharis follows what was
found for M. microlepis; the species can be considered a
total spawner, showing many small oocytes and a peak
of bigger oocytes ready to be released (Fig. 8). Dispersion
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Figure 8. Distribution of the relative frequencies of oocyte diameter in ma-
ture ovaries in Mimagoniates rheocharis from site 2 in Maquiné, RS, Brazil,
between January 1998 and February 1999.

between absolute fecundity and SL, and between fe-
cundity and total weight showed an exponential rela-
tionship (y = 26.855e%%07; R?> = 0.9 e y = 0.4743e%0018¢
R? = 0.7397; respectively). Dispersion between fecun-
dity and gonads weight revealed a linear relationship
(y = 0.0003x + 0.0187; R* = 0.9688).

DISCUSSION

The results indicate a non-seasonal reproductive pe-
riod for both M. microlepis and M. rheocharis in this study.
Mature individuals occurred in most months suggest-
ing the absence of a marked seasonality. No correlation
with biotic and abiotic factors was observed, except for
a negative and significant correlation between the GSI of
males of M. microlepis and water temperature. The same
was found concerning females GSI and water tempera-
ture in Azevedo et al. (2016).

Results also indicated that absolute and relative fe-
cundity are quite low when compared to other charac-
ids (Azevedo, 2010), suggesting that the small number
of mature oocytes are spawned at once within each re-
productive event (total spawning). The mean values of
absolute and relative fecundities observed in this study
are close to those found by Azevedo et al. (2016) for the
same species. According to this author, the absolute fe-
cundity of M. microlepis ranged from 38 to 288 oocytes
with an average of 109.33, and relative fecundity of 0.27
while M. rheocharis showed 128 to 808 oocytes with an
average of 421.05 and relative fecundity of 0.36. The low
fecundity found for the species of the Glandulocaudini
was attributed to the existence of insemination, which
would guarantee fecundation of most oocytes even in
spite of their low production (Azevedo et al, 2000). The
low fecundity observed in inseminating and non-in-
seminating characids (Silvano et al., 2003; Oliveira, 2003;
Lampert et al., 2004; Gongalves et al., 2005) however, sug-
gests that low oocyte production might be a characteris-
tic that appeared in some characid groups independent-
ly of the presence of insemination. Body size reduction
may represent an evolutionary innovation shared by
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monophyletic groups within the Characidae, and low fe-
cundity would be a consequence of this reduction (Aze-
vedo, 2010).

Many studies about reproduction within characid
species indicate that temperature and day length in-
fluence the reproductive process which is usually sea-
sonal during spring and summer, and short (three to
six months) (Vazzoler & Menezes, 1992; Azevedo, 2004,
2010). On the other hand of what is described for most
South American characids, a small number of species
reproduce during different months or show a non-sea-
sonal reproductive period (Azevedo, 2010). This is espe-
cially true for the Mimagoniates species herein studied
and also from Azevedo et al. (2016), which show a repro-
ductive period that includes the coldest months even
though mature males and GSI peaks may also occur in
the summer.

According to Azevedo (2010), reproductive traits such
as seasonality in the reproductive period, high fecundity,
and external fertilization seem to represent an ancestral
reproductive pattern found in most Characiformes and
in species belonging to the more basal groups of the
Characidae, which usually reach larger sizes.

Body size reduction observed in putatively more de-
rived lineages of the Characidae may represent a synapo-
morphy and may have led to the selection of other adap-
tations, such as some modifications in the reproductive
pattern of the Characiformes (Azevedo, 2010).

The reduction of oocyte storage capacity might be
one of the major consequences of body size reduction,
which, for some species may be compensated by mul-
tiple spawning (Azevedo, 2010). On the other hand,
species which have maintained total spawning would
need to develop other mechanisms to counterbalance
this limitation. Therefore, the enhancement of the repro-
ductive period and insemination itself may represent the
evolutionary responses to the reduction in body size and
fecundity.

According to Bagenal (1967), fish's length seems to
be a better indicator of their oocyte production capacity
more than weight because fish size does not significantly
decrease while weight might vary along the year. How-
ever, gonad weight is a straight indicator of this capacity
because it shows a linear relationship with fecundity, in-
dicating that both increase proportionally.

The Mimagoniates species herein studied show oo-
cyte development of the type synchronic in two groups,
where two oocyte batches can be distinguished: small
and numerous oocytes from the reserve stock and big-
ger oocytes which should mature synchronically and
be released during the reproductive period (Wallace
& Sellman, 1981). This spawning type is typical of spe-
cies that spawn periodically along its lifetime (Vazzoler,
1996). However, as apparently there are no seasonal re-
strictions on the reproduction of Mimagoniates species,
it is possible that a single female might be able to spawn
more than once in a short period. This type of oocyte de-
velopment indicates total spawning, where one oocyte
batch is released in each reproductive event. Multiple
spawning allows a larger production of oocytes within
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a reproductive season than would be predictable, con-
sidering fish size. This strategy is observed in many small
sized characids (Winemiller, 1989; Vazzoler & Menezes,
1992; Vazzoler, 1996; Gelain et al, 1999; Oliveira et al.,
2002; Oliveira, 2003; Lampert et al.,, 2004). However, to-
tal spawning is also recorded for small sized inseminated
species, occurring in the diapomin Diapoma terofali and
the compsurin Macropsobrycon uruguayanae (Azevedo,
2004).

The yolky oocytes observed in M. microlepis and
M. rheocharis have diameters similar to those described
for other stevardiine species such as Diapoma tero-
fali (1.22 mm; Azevedo, 2004) and Macropsobrycon
uruguayanae (1.014 mm; Azevedo, 2004), but bigger
than those described for Gephyrocharax atrocauda-
ta (0.7-0.8 mm; Kramer, 1978) and Pseudocorynopoma
doriae (0.7742 mm; Ferriz et al., 2007). Few studies pro-
vide data concerning oocyte size. This information, al-
lied to fecundity and spawning type data, would help
the discussion about reproductive strategies of fishes. In
Azevedo's (2004) revision, the mature oocyte diameter in
Characidae species ranges from 0.7 to 1.9 mm. According
to this author, reduction in mature oocyte size to improve
fecundity or the enlargement of oocyte size to improve
chances of survival of the fry may represent adaptations
to fecundity and body size reduction in the Characidae.

Braga et al. (2006) found that the reproductive period
of M. microlepis from the Col6nia Pereira river in Parana,
occurs during the spring and summer, synchronized
with rainfall. In another stream in Parand, Braga et al.
(2008) found a reproductive period restricted to winter
and spring also for M. microlepis. The results presented
here corroborate the hypothesis that inseminating spe-
cies such as Mimagoniates show some traits that differ
from the reproductive pattern observed in most Charac-
iformes, reinforcing the idea that such features represent
evolutionary adaptations within this group.

CONCLUSIONS

Both species herein studied present a non-seasonal
pattern of reproduction without a clear relationship with
the variation of biotic and abiotic factors. High GSI peaks
were also observed including the coldest months even
though mature males and GSI peaks may also occur in
the summer. Both species also produce a low number of
oocytes when compared to other fish within the same
family; on the other hand, low fecundity is also shared
with other inseminating characids. This might be related
to the reduction in the oocyte storage capacity as a con-
sequence of body size reduction. Both species were char-
acterized as total spawners, i.e.,, developing and spawn-
ing one mature oocyte batch during each reproductive
cycle. However, considering a non-seasonal reproduc-
tion, it is likely that females complete more than one cy-
cle of gonadal maturation within a year. A non-seasonal
reproduction, low fecundity, total spawning, and insem-
ination may represent evolutionary responses to the re-
duction in body size and fecundity. These features may
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indicate adaptive advantages which may enhance the
chance of survival even with low energetic investment
and improved fertilization.
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