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ABSTRACT

Therelationship of body weight andlength with spermload and spermatophore
weight was evaluated in wild males of Macrobrachium tenellum (Smith,
1871). In addition, the influence of a commercial and natural feed on the
load and viability of sperm was determined in wild males. In 28 wild males
spermatophore extraction was performed by electrostimulation 24 h after
capture to analyze the relationship between body length /weight and sperm
load and viability, respectively. Spermatophore weight (SW), total number
(TS), dead (DS) and abnormal sperm cells (AS) were used as indicators of
sperm viability. The results obtained show that there is a positive correlation
between TS per spermatophore compared to body length and weight of the
male. To study the effect of different diets on sperm load, three diets were
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employed: Diet A, commercial shrimp feed; Diet B, natural feed (mixture of squid, sardine and clam); and
Diet C, combination of natural and commercial diet. To assess the initial reproductive status of the males at
the beginning of the experiment, sperm viability was determined in a subsample of specimens after capture.
Broodstock were fed ad libitum once a day during 70 days. TS, DS, AS and SW were evaluated. The results of
the bioassay did not show difterences between treatments in the parameters analyzed, except DS, which was
higher in the initial group. In conclusion, the present work suggests that it is feasible to substitute fresh feed

for an artificial diet for the maintenance in captivity of male M. tenellum broodstock shrimp.
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INTRODUCTION

Macrobrachium tenellum (Smith, 1871) is considered
aspecies with production potential in aquaculture, due
to its high population densities in natural conditions
and its broad capacity to adapt and tolerate diverse
environments; even compared to larger species of the
genus, such as Macrobrachium americanum (Spence
Bate, 1868) and Macrobrachium carcinus (Linnaeus,
1758) (Garcia-Guerrero et al., 2013). Macrobrachium
tenellum is exploited by artisanal fishers for self-
consumption and/or for sale inlocal markets (Garcia-
Guerrero et al., 2013). Several studies have focused
onits biology, ecology (e.g, Roman-Contreras, 1979;
1991; Guzmén-Arroyo et al., 1981; Lopez-Uriarte et
al.;2020) and experimental culture (Vega-Villasante et
al.,2011; Loépez-Uriostegui et al., 2014; Pefia-Herrejon
et al.,, 2019). It has omnivorous and detritivorous
habits with a wide trophic spectrum; consumption
of insects, larvae, small crustaceans and mollusks,
annelids, organic detritus, remains of organisms and
seeds (Espinosa-Chaurand et al., 2011). However,
despite its economic importance the main limitation
to its production in commercial aquaculture is the
lack of information on the reproductive cycle of this
species under controlled conditions, due to the paucity
of studies related to broodstock nutrition, which
influences gonadic maturation, sperm viability, and
larval quality (Pérez-Velazquez et al., 2002; Coman
etal.,2007; Sui et al., 2011).

Nutrition is one of the most important factors in
crustacean growth (D’Abramo et al., 1997; Mendez-
Martinez et al., 2017). In the case of decapods, most

Nauplius, 30: €2022007

research analyzing the effect of different feeds
and nutrients on sperm quality and viability has
been conducted on penaeid shrimp species, due to
their commercial importance (Coman et al., 2007;
Braga et al., 2010; Leelatanawit ef al., 2014). For
example, Leelatanawit et al. (2014) reported that
sand polychaetes improved sperm weight and sperm
count in Penaeus monodon (Fabricius, 1798), whereas
percentage of abnormal sperm cells and percentage of
acrosome reaction of the polychaete-fed group were
significantly lower and higher than those fed only
with pellets, respectively. On the other hand, in the
freshwater crayfish Astacus leptodactylus (Eschscholtz,
1823) different rates of long chain n-3 polyunsaturated
fatty acid significantly increase the sperm number
(Harlioglu et al., 2013). However, usually penaeid
broodstock are fed fresh feed (mollusks, fishes,
crustaceans, marine polychaetes) with or without the
addition of a commercial diet to promote maturation
and reproduction (Harrison, 1997; Browdy, 1998;
Rothlisberg, 1998; Peixoto et al., 2005; Braga et al.,
2010; Leelatanawit et al., 2014).

There is a limited number of studies on the
reproductive performance of species of Macrobrachium
(Spence Bate, 1868), and the vast majority of these
studies are focused on females, limiting the role of
the male only to egg fertilization (Cavalli et al., 1999;
Cavalli et al., 2001; Asusena et al., 2012; Olele et al.,
2012; Rashmi and Pandey, 2014). Macrobrachium
rosenbergii (De Man, 1879) is the most studied species
in aspects of culture and diet in broodstock of both
sexes (Cavalli et al., 1999; Marques et al., 2000; Sagi
and Aflalo, 2005; Nhan et al., 2009). On the other
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hand, the work of Pérez-Rodriguez et al. (2019) is
the most important precedent for the present study,
since they studied sperm viability and regeneration
of the M. americanum spermatophore, a species
native to basins of the Pacific region, with a similar
distribution to M. tenellum (from Baja California,
Mexico to northern Peru) (Holthuis, 1952). These
authors did not find significant differences in the
mean biochemical composition, weight and sperm
count of the spermatophores of M. americanum among
diets supplied (i.e., fresh feed, commercial feed and a
mixture of both diets).

Methods for evaluating sperm quality consist of
determining the morphology, counting the number
of sperm cells with the aid of optical microscopy,
and the weight and regeneration of spermatophores
(Coman et al., 2007; Leelatanawit et al., 2014;
Harlioglu and Farhadi, 2017). The most widespread
technique for spermatophore extraction in decapods
is electrostimulation, since it is fast and can provide
complete expulsions (Goldberg and Oshiro, 2000;
Viana da Costa et al., 2016). This technique was
first used in M. rosenbergii (see Harris and Sandifer,
1986), however, the use of electrostimulation may
be alimiting factor for subsequent sperm extractions
(Baskar et al., 2004), since there is evidence that it
causes melanization of reproductive tissue (Harris and
Sandifer, 1986). Melanization of reproductive tissue
can cause a decrease in the number of sperm cells in
new spermatophores (Rosas et al., 1993; Nakayama
etal., 2008).

Most studies on the nutritional requirements for
optimal sexual maturation in marine and freshwater
shrimp are focused on females (Samuel et al., 1999;
Bragaet al., 2010; Harlioglu et al.,, 2018; Viana da Costa
etal.,2021). However, research is needed to analyze the
effect of diet on sperm quality and viability in males.
There is evidence that nutritional deficiencies may be
one of the reasons for reproductive problems in males
(Samuel et al., 1999) that could compromise larval
production (Braga et al., 2010). In the present work,
the influence of feed (i.e., commercial marine shrimp
and natural fresh) on the reproductive performance
of M. tenellum was analyzed, as currently there are no
studies existing that address this issue in wild males.
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MATERIAL AND METHODS

Capture and acclimatization of broodstock

Atotal of 150 adult male M. tenellum were captured
in the Ameca River, Jalisco, Nayarit (20°41°'10.2"N
105°16'11.5"W) and in the El Ermitafio estuarylocated
in the town of La Cruz de Loreto, Tomatlan, Jalisco
(19°58’37.4"N 105°28°25.1"W), Mexico, between May
and August 2019. Capture was performed with the help
of cast nets, spoon nets and electro-fishing (SAMUS
725MP, Special Electronic, Bialystok, Poland).

The specimens were transported in 80 L plastic
containers or a 1000 L capacity tank and provided
with constant aeration during their transfer to the
Water Quality and Experimental Aquaculture
Laboratory (LACUIC - University of Guadalajara,
Puerto Vallarta, Jalisco, Mexico). In the laboratory,
they were keptin 1000 L plastic containers connected
to a biofilter and exposed to a 12 h light/12 h dark
photoperiod until the beginning of the experiments.
A prophylactic dose of Terramycin (oxytetracycline
2 ppm for 24 h) dissolved in the water was applied
to prevent bacterial infections (Ma et al., 2020).
During this 30-day acclimation period residues were
removed with a siphon and 30 % of the water was
replaced every third day and the specimens were
fed with Azteca’ brand shrimp feed (30 % crude
protein, 5 % lipids, 12 % ash, 12 % water content).
Only males used for the experiment which studied
the effect of different diets on sperm viability were
acclimatized. Previous to each experiment, the wet
weight of each male was recorded with a digital scale
(Ohaus’, model NV622, Parsippany, NJ, USA; 0.01
gaccuracy) and the total body length was measured
from the posterior margin of the ocular orbit to the tip
of the telson using a Vernier Calliper (Gearwrench),
model 3759D, Lancaster, Pennsylvania, USA; 0.01
mm accuracy).

Voltage evaluation for electrostimulation

Four treatments were evaluated with different
voltages (1.5, 3.0, 6.0 and 9.0 V direct current; 10
specimens per treatment), to determine the voltage
that would present the best results for spermatophore
expulsion. Specimens were placed on an illuminated
table with the ventral region exposed. The electrodes
were placed in contact with both gonopores of the male

3



http://www.editoraletra1.com.br

Peia-Almaraz et al.

Sperm viability of Macrobrachium tenellum

(at the base of the fifth pair of pereiopods, shocks of 1-s
duration), until the extraction of the spermatophore
was achieved (Harris and Sandifer, 1986). 6.0 and
9.0 V were the only ones that achieved ejaculation
of the spermatic sac, with 3 and 9 males expelling at
least one spermatophore, respectively. Therefore, it
was established that the most effective voltage was
9.0 for further use in the experiment.

Evaluation of sperm viability

In order to evaluate sperm viability, the
spermatophore was extracted by electrostimulation.
The weight of each spermatophore (SW) was recorded
with an analytical balance (Adam’, model NBL 214,
Kingston, Milton Keynes, U.K.; 0.0001 gaccuracy) and
storedin 2 mL plastic microtubes containing 0.5 mL of
distilled water. These were carefully macerated using
a glass tissue grinder to obtain complete release and
homogenization of the sperm cells. Later, spermatic
counts were performed using a Neubauer chamber
(AmScope, model B020c, Irvine, CA, USA) (Viana
da Costa et al., 2016). The percentage of dead sperm
cells was determined through staining cells with
Trypan blue (solution 0.1 %) (Ceballos-Vizquezet al.,
2003). After 10 min, blue cells (dead sperm cells) were
counted under light microscopy. Normal sperm cells
appeared like an inverted-umbrella with along spike
projecting from its convex surface as was previously
observed for M. rosenbergii (see Poljaroen et al., 2010)
and M. americanum (see Pérez-Rodriguez et al., 2019).
Abnormal sperm cells were distinguished from normal
ones by malformed bodies or by a bent, short or
missing spike (Leung-Trujillo and Lawrence, 1987).
The number of sperm cells contained in each observed
spermatophore (TS), as well as the percentage of
abnormal sperm cells (AS) and percentage of dead
sperm cells (DS) were estimated using the following
formulas:

DS = (DS % 100
B TS)

Where: Dsis the number of dead sperm cells counted
and TS is the number of total sperm cells counted.

5 = (25 » 100
B (TS) %
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Where: As is the number of abnormal sperm cells
counted and TS the number of total sperm cells
counted (Pérez-Rodriguez et al., 2019).

Sperm viability in wild males

Twenty-eight wild males (3.6-21.2 gbody weight
and 54.0-97.7 mm body length) were used for a
comparative experiment between body weight, body
length and sperm viability. Spermatophore extraction
was carried out 24 h after capture and TS, DS and AS
were estimated. Subsequently, males were divided
according to their body length and body weight into
small males (n = 9; 3.6-7.2 g, 54.0-67.5 mm) and
large males (n = 19; 10.0-21.2 g, 60.7-97.7 mm).
The large males on which the first spermatophore
extraction was performed were kept in four 600
L tanks (60 days), with constant aeration, daily
siphoning, replenishment of 90 % of water every 4
days and daily feeding (Azteca’) at S % of the biomass,
in order to compare the effect of electrostimulation
on a second spermatophore extraction.

Effect of diet on sperm viability

The Experimental Units (EUs) consisted of 48
plastic tanks each with an 80 L capacity distributed
inthree treatments (16 EUs per treatment). One male
was confined per EU and a group of males were kept
in the same conditions to replace possible deaths
during the experiment. Water was maintained with
constant aeration and daily 5 % water replacements
after residue removal (feces and unconsumed feed)
from the bottom and replacement of 100 % of water
was performed every third day. During the bioassay
the experimental units were exposed to a 12 hlight/12
h dark photoperiod. Daily pH (Ohaus, model ST20),
temperature and dissolved oxygen (YSI, model SS0A,
Yellow Springs Instruments, Yellow Springs, Ohio,
USA) were recorded.

The following diets were evaluated: Diet A, Azteca
commercial shrimp feed; Diet B, natural feed (squid,
sardine and clam ata 1:1:1 ratio) (Tab. 1); and Diet C,
combination of natural and commercial diet at a 1:1
ratio. The components of the diets were quantified
according to standard procedures of the Association
of Official Analytical Chemists (AOAC, 1995):
humidity by means of the difference of wet weight
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and dry weight; ashes by means of sample calcination;
proteins by the Kjeldahl method; and determination
of total fats by Soxhlet extraction. The bioassay was
performed on a 70-day period. To assess the initial
reproductive status of the males at the beginning of
the experiment, sperm viability was determined for a
subsample of specimens after capture (24 h) (initial
group). These data were used to determine the initial
condition of the broodstock males, and are presented
for comparison only. Broodstock was fed ad libitum
(approximately S % of total weight) once a day at noon
and additionally molts and mortality were recorded.

Table 1. Composition of fresh feed (squid, sardine and clam
in a ratio of 1: 1: 1) and commercial diet (Azteca®) supplied to
the Macrobrachium tenellum shrimps during the bioassay period.

Composition Fresh feed Commercial feed
Moisture (%) 23.84£0.61 5.84+0.15
Protein total (%) 51.67 £0.50 29.59 £ 1.29
Lipids total (%) 8.27£0.20 7.03 £0.29
Ashes (%) 1.98 +0.30 10.80 +0.83
NFE* 38.08 53.30

* Nitrogen Free Extract = 100 — (= Protein total + Lipids total + Ashes).

The 48 males of M. tenellum used in the experiment
had aninitial body weight range of 6.8-14.6 g (average:
9.19+1.83 g). Groups of similar weights and sizes were
assigned to each treatment: diet A, diet B and diet C.

Statistical analysis

A Shapiro-Wilk normality (p < 0.05) and Levene’s
test of homoscedasticity (p < 0.05) analysis were
performed on the data obtained from all measured
variables. A linear regression model was used to
represent the correlation of the body weight and body
length of the wild males with the SW and the TS, as
wellasbetween the SWand the TS. The comparison
between the body size/weight and the sperm cell
load of wild specimens of M. tenellum was made and
analyzed 24 h afterits collection. A one-way ANOVA
test (p < 0.05) was performed to determine differences
between treatments. In the case of differences, a Tukey
test (p < 0.05) was applied to determine where the
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differencesare. Data that did not meet the assumptions
of normality and homoscedasticity were analyzed
using the non-parametric Kruskal-Wallis one-way test
(p < 0.05). Since there was a significant correlation
between body size and the TS,an ANCOVA (p < 0.05)
with body weight as a covariable was also applied to
compare between treatments (adjusted means were
computed and compared). Data on abnormal and dead
sperm cells percentages were transformed using the
arcsine function prior to the above tests (Zar, 1996).
All statistical analyses were performed with IBM
SPSS’ Statistics software v.24.0.

REesuLts

Sperm viability in wild males

No significant correlation was observed between
body weight and SW (R?=0.0781; Fig. 1A). Neithera
significant correlation was detected between TS and
SW (R?=0.094; Fig. 1B) nor between SW and body
length (R*=0.1021; Fig. 1C). In contrast, a significant
positive correlation was observed between TS and
body weight (R*=0.523; Fig. 1D). A similar positive
correlation occurred between TS and body length (R?
=0.5041; Fig. 1E).

Analyzed wild shrimps were classified in three
categories according to their body size and body
weight as follows: small males (n =9): 3.6-7.2 gand
54.0-67.5 mm; large males (n = 19): 10.0-21.2 g
and 60.7-97.7 mm, and some second spermatophore
extraction large males surviving the first extraction
after 60 days (n = 12), with ranges of 12.8-24.4 ¢,
76.6-101.6 mm (Tab. 2).

There were no significant differences in SW
(ANOVA, F=0.59,df=1,p>0.05) and AS (ANOVA,
F=0.31,df=1,p>0.05) between the small and large
male groups. However, TS (ANOVA, F = 24.00, df
=1,p < 0.05) and DS (ANOVA, F = 15.40,df = 1, p
< 0.05) were different, with a higher amount in the
large male group, for both parameters. However,
ANCOVA with body weight as the covariable did
not detect differences in TS (ANCOVA, F = 1.06, df
=1,p>0.05) (Tab.2).
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Figure 1. Relationship between (A) body weight and spermatophore weight, (B) sperm cell number and spermatophore weight,
(C) spermatophore weight and body length, (D) sperm cell number and body weight, and (E) sperm cell number and body length

of wild Macrobrachium tenellum, analyzed after collection.

Between the large males and second extraction
large males groups, there was no significant difference
in SW (ANOVA, F=1.99,df =1, p > 0.05), however,
TSwas different (ANOVA, F=40.61,df=1,p <0.05),
with a higheramount reported in the large malesand
a lower amount in the large males group to which a
second spermatophore extraction was performed

Nauplius, 30: €2022007

(Tukey, q = 3.05, p < 0.05). With respect to DS and
AS, the treatment with the significantly highest count
was the second spermatophore extraction of large
males, with 15.30 % (ANOVA, F=11.61,df=1,p <
0.05) and 8.30 % (ANOVA, F=16.43,df=1,p > 0.05),
respectively. The same result was obtained when an
ANCOVA was done (Tab. 2).
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Table 2. Comparison of sperm viability indicators in wild males of Macrobrachium tenellum: small males vs large males vs large males
second spermatophore extraction after 60 days (mean + standard deviation).

Large males, second

Parameters Small males Large males )
spermatophore extraction
Body weight (g) 5.64+1.29° 1521 +3.200 16.77 + 3.80*
Body length (mm) 61.43 + 4.68° 86.40 + 6,934 88.45 + 8.214
Spermatophore 1.12 £0.74° 1.35+0.81* 226 £2.61*
weight (mg) (1.69+0.43)" (1.53+0.33)= (1.97 £ 0.47)*
Sperm cells / 4.56 +1.70° 7.52 +1.39% 4.12+1.54°
spermatophore (10°) (5.77 £0.81)° (6.95+0.45)* (4.02+0.41)"
4.00 +2.45 10.40 +4.53 15.30 +2.66
[
E:;?:f f:amnsclerlfn(eé) 401 £2.00° 10.37 £ 4.400 15.33 £ 2.57°
(3.50 £ 2.30)° (10.70 + 1.30)" (1540 1.10)"
4.30£2.35 4.80+£1.72 8.30+£3.11
0
Abnormal sperm ecls (%) 4334233 474+ 1,69 8.33+3.08°
(4.10 £ 1.10)° (4.88 £ 0.69)* (8.40 + 0.59)

Since body weight was used as a covariable, the adjusted means are shown in parenthesis. Superscripts with different letters show significant differences (p < 0.05)

between small males and large males (lowercase letters) and between large males and second extraction large males (uppercase letters). For percentage values,
the first row corresponds to untransformed values, and the second and third rows correspond to arcsine transformed values analyzed by ANOVA or ANCOVA,

respectively.

Effect of diet on sperm viability

Spermatophore extraction was possible in 8
shrimps fed with diet A, 13 males of diet B, 9 of diet
C and in 16 recently collected wild shrimps (initial
group). There were significant differences in the DS
(ANCOVA, F = 5.43, df = 3, p < 0.05), which was
different in the initial group with 8.32 % compared
to diet A with 3.00 %, but there were no differences
between the three experimental diets tested. No
differences were foundin TS (ANCOVA, F=0.92, df =
3,p>0.05),AS (ANCOVA, F=0.49,df=3,p > 0.05),
SW (ANCOVA, F=1.27,df=3,p>0.05) between the
three experimental treatments and the initial group
(Tab. 3). At the end of the bioassay there were no
significant differences in body weight and size gain of
shrimps from the different diets used (Kruskal-Wallis,
H=2.84;p>0.05) (Tab. 3). Water quality parameters
remained relatively constant during the experimental
period of 70 days in all treatments. Temperature was
between 27.0-30.0 °C, pH between 7.3-8.3 and
dissolved oxygen ranged from 4.9-6.0 mg/L.

Effects of electrostimulation

Although effective, 9.0 V electrostimulation is
counterproductive in the long term for the health of
the male shrimp. Nineteen wild males 0of 10.0-21.2 g
and 60.7-97.7 mm were electrostimulated. Sixty-three
percent of survival (only 12 survivors) occurred after 60
days of captivity, after which a second spermatophore
extraction was made. Melanization was presentin one
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of the spermatophores of a stimulated male (Fig. 2).
This spermatophore presented a 98 % mortality of
the contained sperm cells.

Discussion

Sperm viability in wild males

In general, the lowest values of sperm viability
(less TS, higher DS and AS) were found in the group
of wild specimens that were electrostimulated for the
second time compared to the first electrostimulation.
This suggests that repeated electrostimulation in
M. tenellum is counterproductive in the long term,
as has been reported in other species of the genus:
M. americanum (see Pérez-Rodriguez et al., 2019),
Macrobrachium malcolmsonii (Milne-Edwards, 1844)
(see Samuel et al.,, 1999), M. rosenbergii (see Harris and
Sandifer, 1986), as well as in marine shrimp (Rosas et
al.,; 1993).In all cases a decrease in sperm viability is
mentioned when comparing the first extraction with
subsequent ejaculations. In the case of M. malcolmsoni,
asignificant decrease in sperm cells countis reported
after the third week of electrostimulation, reaching
zero at week seven and eight (Samuel et al., 1999).

The AS only differed in males in which a second
spermatophore extraction was performed, showing
8 % of sperm cells with abnormal morphology,
compared to the two remaining groups. In these latter
groups, the percentage did not vary from an average
of 4 %. This differs from what was reported in the
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Table 3. Initial and final values of body weight, body length and sperm viability values in Macrobrachium tenellum fed with three
different diets over a period of 70 days and an initial group of newly collected males (mean * standard deviation).

Parameters DietA Diet B Diet C Initial group
Initial body weight (g) 929 +1.91 9.16 £ 1.99 9.12+1.76 10.00 +2.46
Final body weight (g) 10.23 £2.03 10.12 +£2.50 9.91+2.03 N/A
Weight gain (g) 0.80 £0.50 0.85 +0.50 0.80 +0.48 N/A
Initial body length (mm) 71.10 £ 4.49 71.15 £ 4.44 71.35 £ 4.50 72.46 +7.68
Final body length (mm) 73.93 £4.51 73.76 £ 5.39 72.03 £ 4.07 N/A
Length gain (mm) 2.83+1.91 2.60 £ 1.87 1.32£0.90 N/A
Spermatophore weight (mg) 1.73+1.73 0.89 +0.74 1.07 £0.94 1.01+0.67
P P ghtimg (1.74 £ 0.36) (0.90 +0.28) (1.05 £0.34) (1.00 £0.25)

Sperm cells (10°) / 731£4.13 6.51+2.87 5.01+341 5294226
spermatophore (7.21£1.08) (6.40£0.85) (5.15+1.02) (5.35+0.76)
Dead s (%) 3.00£1.19 453%1.71 430£1.57 832£539
Are acsp frm cfe s :i’ 3.01+ 119 4.50+1.72% 431157 835+ 5.42"

csine transtorme (320+1.20%) (475 £ 0.94)® (403 1.14)* (823£0.85)"
Ab | s (5%) 5.00 £ 1.06 5.80£1.99 6.00 £2.08 458£2.17
A 510+ 1.07 576 £2.00 5.97+2.09 456+2.19

11 ran. rm

csine transtorme (4.95 £0.70) (5.71 £0.55) (6.03 £0.66) (4.61 £0.50)

Electrostimulated males 8 13 9 16

A= pellet; B= fresh feed; C= mix pellet and fresh feed; Initial group= newly collected and analyzed males. Since body weight was used as a covariable, the adjusted
means are shown in parenthesis. Superscripts with different letters show significant differences (p < 0.0S). For percentage values, the first row corresponds to
untransformed values, and the second and third rows correspond to arcsine transformed values analyzed by ANOVA or ANCOVA, respectively.

Figure 2. Macrobrachium tenellum adult male who underwent a second spermatophore extraction using the electrostimulation
technique. A= The dark brown, melanized spermatophore is different from that observed in healthy males.

marine shrimp Litopenaeus vannamei (Boone, 1931),
in which the proportion of sperm cells with abnormal
morphology is less as the weight of the broodstock
increases (Ceballos-Vazquez ef al., 2003). In large
males (10.0-21.2 g) ahigher DS and a higher TS were
observed compared to small males (3.6-7.2 g). This
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indicates that, although there is a higher number of
dead sperm cellsin larger shrimp, this is compensated
for by the higher TS. A higher DS in large males in
M. tenellum could signify a process of reproductive
senecence, as reported for Austropotamobius italicus
(Lereboullet, 1858) (see Rubolini et al., 2006; 2007).
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For M. rosenbergii, Daniel et al. (2010) mentioned
that older males might provide less viable sperm for
mating and that the reproductive capacity decreased
over time. There is evidence that sperm quality and
production decrease with age in various taxa (Wolf et
al., 2000; Kidd et al., 2001; Schifer and Uhl, 2002).
However, more studies are needed to corroborate this
hypothesis. It has been observed in other decapods
that females tend to select males of equal or greater
size than themselves for mating (Robertson and Butler,
2013). However, when large males are not available,
females mate with smaller males, which may resultin
mating difficulty, increased mating time, and reduced
fertility rates (Daniels et al., 2010; Robertson and
Butler, 2013). In this study, the minimum size of sexual
maturity for males was not assessed; however, the
smallest male that had its spermatophore successfully
retrieved presented abody weight of 3.6 gand abody
length of 54.0 mm. The reduced AS present in small
males of M. tenellum, could indicate the possibility of
successful oocyte fertilization without any problems.
On the other hand, Sato et al. (2008) mentioned that
the presence of spermatophoresin the vas deferensis an
indicator of sexual maturity in decapods, which infers
a physiological maturity, however, it does not always
imply that such a male is sexually active. Therefore,
itisimportant to evaluate in future research work the
effectiveness of reproduction in small M. tenellum
males.

The low TS found in M. tenellum (compared
to other species of the same genus), and the low
percentage of dead and abnormal cells, suggests that
the viability of the sperm cells, and not the quantity,
exerts a greater influence on the reproductive success
of the species. The maximum number of eggs reported
for females of this species is 10,384 (Vargas-Ceballos
et al., 2018). Therefore, the sperm cells values found
in this study exceed, at least 40 times, the number
of eggs, without taking into account that the counts
were made with only one spermatophore, so the
total number of sperm cells that could be delivered
in copulation could be double.

As for the relationship between the body length
and weight of wild broodstock males and sperm cells
viability, it was determined that there is no trend in the
indicators of spermatophore weight and body weight,
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nor TS and SW against body length. Similarly, for
example in Macrobrachium acanthurus (Wiegmann,
1836) the relationship between SWand body weight is
low (p >0.05) (Viana da Costa et al., 2016), verifying
that large shrimp do not necessarily produce heavier
spermatophores. Likewise, no differencesin SWand
AS in relation to the body weight of M. americanum
were found (Pérez-Rodriguez ef al., 2019). On the
other hand, in the present work, the T'S compared to
the length and weight of the male were the indicators
that presented a positive correlation, equal to what was
mentioned for M. americanum (see Pérez-Rodriguez
et al., 2019). Different studies with other decapods
reported that in general, larger males have a higher
reproductive performance (SW, TS, AS and live sperm
percentage), compared to smaller males in marine
shrimp (Alfaro, 1993; Ceballos-Vazquez et al., 2003),
crayfish (Bugnot and Lépez-Greco, 2009; Harlioglu
et al., 2012; Farhadi et al., 2019) and crabs (Sato et
al., 2008; Sato et al., 2010). However, Paschoal and
Zara (2018) stated that sperm cell production was not
correlated with somatic growth in Macrobrachium
amazonicum (Heller, 1862), occurring independently
of any body size increase. This is not the case for M.
tenellum, at least in sperm cells per spermatophore,
showing more sperm cells in specimens with greater

body weight and length.

Effect of diet on sperm viability

One of the two possible spermatophores was
extracted in 75 % of the cases from any one male.
Only in two cases simultaneous expulsion of both
spermatophores occurred, and it was not possible
to extract spermatophores from all the specimens
that were electrostimulated. The reason why the
electrostimulation was not successful was only
evident in two cases, one in which the shrimp
presented a premolt state and another in which
the shrimp had just concluded ecdysis, with an
exoskeleton in the process of calcification. The
life of crustaceans is based around the molt cycle
(Vega-Villasante et al., 2007) but molting is not
a physiologically benign process and so it deeply
affects the life of decapods (Yamasaki-Granados
et al., 2012). Pre and post-molting specimens are
therefore in a metabolic state thatlimits their normal
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processes and gives energetic priority to the molting
development or the recovery of the exoskeleton, not
to sperm cells production. In L. vannamei, Parnes
et al. (2006) mentioned that during pre-molting
the spermatophore is degraded by alteration of the
extracellular matrix and phagocytosis of sperm
cells so that during molting the spermatophore is
not present.

The average SW (1.17 + 0.38 mg) did not vary
with the treatments of the experimental specimens
nor in the initial group specimens. The proportion
of SW of the total male body weight was 0.01 %
(males average body weight: 9.94 +0.14 g). This falls
within the range reported by Pérez-Rodriguez et al.
(2019) in M. americanum males, with a proportion
of SW with respect to body weight of 0.0005 to
0.02 % (body weight range: 31.0-314.0 g). The body
weight/spermatophore weight proportion in males of
M. rosenbergii is 0.016 % (average body weight: 23.7
+ 9.8 g; Harris and Sandifer, 1986). Similarly, the
SW ratio value in M. acanthurus is 0.007% (average
body weight: 10.63 + 4.70 g; Viana da Costa et al,,
2016), which is slightly lower than in M. tenellum.
These small differences may be due to the type of
single spermatophore present in males of the genus
Macrobrachium, which varies considerably in size and
shape with each ejaculate and regeneration (Paschoal
and Zara, 2018). It may also be due to the process of
electrostimulation, which can cause alarge percentage
of incomplete or partial expulsions, generating a
possible sampling error (Sandifer and Lynn, 1980;
Sandifer et al., 1984).

The average TS calculated in this study for the
experimental diets was 6.02x10° + 7.9x10* alow value
compared to M. americanum, a species with which M.
tenellum shares a distribution. In this former species an
average of 12.1 million sperm cells per spermatophore
is reported (body weight range: 31-314 g; Pérez-
Rodriguez et al., 2019). Other species of the genus
also present higher values than those reported in M.
tenellum. For example, 2.7x10° sperm cells in males of
M. malcolmsonii (average body weight: 33.21 + 1.3 g;
Samuel et al., 1999), 6.0x10° sperm cells (body weight:
16.0 g; Revathi et al., 2012) and 6.0 * 4.0x10° sperm
cells (average body weight: 45.0 £ 4.0 g; Claudet et
al., 2016); both in males of M. rosenbergi.
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The DS was considerably low, although it varied
between the initial group (wild shrimp) and in the
experimental diets, obtaining a higher DS in the
initial group (8.3+ 5.3 %) and alower percentage (3.0
+ 1.1 %) in the experimental males fed the Azteca’
commercial diet. The above suggests that some
environmental variable at the collection site may
be acting on sperm viability, since environmental
stress produces a direct effect on the metabolism,
which affects the flow of energy (Davis and McEntire,
2009). By providing feed to a shrimp under controlled
conditions, this stress is probably reduced or lifted.
On the other hand, Meunpol et al. (2005) described
high degeneration of wild male P. monodon sperm
cells possibly due to changes in the environment
resulting from water quality at the collection site,
among other things. In consecutive spermatophore
extractions from M. malcolmsoniimales (33.21+ 1.3 g),
the percentage oflive sperm cells per spermatophore
decreased significantly (Samuel et al., 1999). Their
results showed 97.5 % of live sperm cells in the first
spermatophores extracted, but only 49.5 % by week
four of the experiment, followed by a total absence of
viable sperm during the remaining study period. Their
results at first extraction are similar to those found in
the present study (97 + 1.19 %), but the DS observed
by Pérez-Rodriguez et al. (2019) in M. americanum
was generally higher (35 % + 1.75 %), indicating that
one third of sperm cells per spermatophore are not
viable. This high proportion could be linked to the
larger total number of sperm cells in this species which
are up to 20 times higher in total sperm cells counts,
compared to M. tenellum.

There were no differencesin the AS of M. tenellum
between the different experimental diets and the initial
group, obtaining an average of 5.3 £ 0.7 %. The most
observed abnormal sperm cell morphology was an
unusual base shape, only one sperm cell with a bent
spike was observed and none with an absent base
or spike or with a short spike. Samuel et al. (1999)
reported asignificantincrease in the AS after the third
week of continuous electrostimulation, indicating
an increase in abnormal cells related to the use of
electrostimulation and the reproductive exhaustion
it causes (Perez-Rodriguez et al.,2019). The type and
quality of feed are characteristics that favor sexual
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maturation and sperm cells viability in decapods
(Perez-Velazquez et al., 2002; Meunpol et al., 200S;
Harlioglu et al., 2013). Commonly, a mixture of fresh
feeds is used as a diet for maturation in reproductive
males and to favor increased sperm cells viability
(Meunpol et al., 200S; Harlioglu et al., 2018). Good
sperm load and viability have also been reported
in the penaeid shrimp when fed with a mixture of
freshand granulated feed (Alfaro and Lozano, 1993).
However, this did not occur in M. tenellum. Similar
results to those obtained in the present investigation
are mentioned by Perez-Rodriguez et al. (2019) for
M. americanum. Males devote only a small portion
of energy to the production of gametes and sperm
load, since most of the energy is used to increase
body size and develop, or maintain, large chelipeds
for fighting and mate guarding (Correa and Thiel,
2003; Paschoal and Zara, 2018; Pérez-Rodriguez et al.,
2019). Conversely, the sperm cells viability of males of
M. malcolmsonii can be improved by supplementing
the granulated diet with natural feed (Samuel et al.,
1999) and these results indicate that the relationship
between diet and sperm cells viability is complicated
and needs further analysis.

Effects of electrostimulation

Electrostimulation with 9 V turned out to be the
most effective way to expel male spermatophores in
M. tenellum, although it was evident that the decrease
in the sperm cells count caused after such stimulation,
resulted in a 40 % sperm cells mortality and to one
case of melanization in a spermatophore. Viana da
Costa et al. (2016) reported sperm cell percentage
mortality at 71.4 % in M. acanthurus stimulated with
4.5V, and 42.9 % in males electrostimulated with
6.0 V after 60 days, coinciding with the mortality
reported in the present study with 9.0 V. There
is also evidence of melanization of reproductive
tissue caused by electroejaculation in M. rosenbergii
(Harris and Sandifer, 1986). Moreover, continuous
electrostimulations caused a decreasein spermatophore
size and temporary sterility in M. carcinus (Moreno
etal.,2000). Likewise, electrostimulation of males of
Litopenaeus setiferus (Linnaeus, 1767) caused male
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reproductive system melanization (MRSM) and
the male reproductive tract degenerative syndrome
(MRTDS) (Rosas et al., 1993). These conditions are
both characterized by a gradual decrease in sperm
count and an increase in the percentage of dead and
abnormal cells (Harlioglu et al.,, 2018).

CONCLUSION

There were no differences between body weight
and size increase at the end of the experimental diets
period. No significant differences were detected in
sperm viability indicators using a combined diet of
fresh feed mixed with commercial feed in a 1:1 ratio,
compared to diets that included only commercial or
fresh feed.

According to the information obtained from the
electrostimulation tests, it can be concluded that
more precise analyses are required to determine the
optimal voltage for spermatophore extraction in M.
tenellum males, without it considerably affecting the
health of the males.

A positive correlation between the TS and the body
length and body weight of wild M. tenellum males
was detected. Larger males also contained a higher
DS, and this phenomenon could be related to natural
reproductive senescence of the specimens.

The present study showed that this native species,
presents good sperm viability, even without a specific
diet. However, we recommend that wild males of
M. tenellum broodstock should be fed pelleted feed
because it is cheaper and easier to supply than fresh
feed. We expect that the information generated will
help to better understand the male reproductive
biology of this species and provide tools to achieve a
maximum reproductive capacity in captivity.
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