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Introduction
Since 1970, eyestalk ablation (EA) has been used to improve 

the production of Penaeus spp. larvae in aquaculture [1,2]. In the 
white shrimp Litopenaeus vannamei, Macrobrachiumrosenbergii, 
Farfantepenaeus aztecus [3] and Farfantepenaeus duorarum [4], 
eyestalk ablation promotes several metabolic changes that improve 
reproductive performance. The X Organ Sinus Gland (XOSG), located 
in the eyestalks, is the principal neuroendocrine gland in crustaceans 
[5,6]. In this gland, hormones are synthesized, stored and secreted to 
the hemolymph in order to regulate metabolic processes [6] including 
vitellogenesis [2,7,8], food intake [9], digestion, nutrient transport [10], 
molting [11], metabolism of lipids [12,13] and regulation of glucose 
and proteins [12,14-16]. Synchrony among these different metabolic 
processes is essential to ensure normal gonad maturation, copulation, 
fecundity and larvae development.

In crustaceans with closed thelycum, in addition to the metabolic 
synchrony needed for the collection, absorption, and integration 
of nutrients to the ova and to fulfill energy demands after EA, the 
reproduction process must match the molt cycle. Only during this 
time females become detached from the exuvia, permitting copulation 
[17]. Studies on eyestalk removal in prawns have revealed that in 
some species, such as Macrobrachium lanchesteri [18] and Cryphiops 
caementarius [19], molt cycle time is not significantly different compared 
to organisms with intact eyestalks, and their reproduction rate is not 
improved. Conversely, in other species such as M. rosenbergii [20] 
and M. acanthurus [21], the molting cycle time is shortened, allowing 
females to produce a higher quantity of eggs over time. M. americanum 

is a captured prawn with great potential for aquaculture, reaching a 
length of 30 cm and a weight of 250 g. In addition, these prawns have 
thin exoskeletons, an attractive presentation and a delicious flavor [22]. 
In the northern part of Mexico, M. americanum reproduces for 3-4 
months, from May to August. It is of scientific significance to determine 
if the procedure of eyestalk ablation may result in more reproductive 
events during the reproductive season.

In addition to the reproductive effects of EA, a few prior studies 
have analyzed the immunologic consequences associated with this 
procedure [23-25]. Despite numerous studies on the prophenol oxidase 
(proPO) activating system (for reviews, see [26,27], little information 
exists on how it is controlled by endocrine system. After EA, changes to 
hemocyte count, coagulation and the proPO system have been reported 
in some crustaceans, but not in others. In insects, it is known that 
ecdysone modulates the expression of proPO-activating enzymes at 
the mRNA level [28,29]. In crustaceans, ecdysone from the Y-organ is 
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Abstract
Eyestalk ablation is the most common procedure used to induce crustacean reproduction in commercial hatcheries. 
However, other physiological and metabolic processes are affected by the removal of the X-organ sinus gland 
complex located in the eyestalk. In this study, the effect of unilateral eyestalk ablation on the concentration of 
several hemolymph metabolites, reproduction and immune function in female Macrobrachium americanum was 
investigated. Molting cycle time was not significantly (P=0.17) shortened in eyestalk-ablated females. However, an 
increased number of molts was observed in the eyestalk-ablated group because survival was significantly higher 
due to increased passivity and lowered aggression. As M. americanum has closed thelyca, reproduction was not 
accelerated after eyestalk ablation compared to control prawns. Food intake (P=0.007) and oxygen consumption 
(P=0.047) were both higher in eyestalk-ablated females. Concentrations of protein and glucose in hemolymph were 
not affected (P=0.54 and P=0.19, respectively), indicating that the demand for these metabolites was met. Glucose 
was metabolized by aerobic metabolism as shown by the lower lactate concentration (P=0.02) and higher respiration 
rate after ablation. Protein was metabolized for growth as revealed by the 100% higher growth rate in eyestalk-
ablated females (P=0.017). Triglycerides were more highly concentrated (P=0.02) in eyestalk-ablated females. This 
difference was most likely due to being transported from the digestive gland to the gonad.By analyzing the immune 
system it was observed that only the total hemocyte count was higher (P=0.002) in eyestalk-ablated females. 
The protein content in hemocytes, the prophenol oxidase system and the coagulation time were not affected. In 
conclusion, the eyestalk ablation procedure did not cause female M. americanum to have more reproductive events 
over time. Despite this failure to accelerate reproduction, eyestalk ablation reduced aggression, and thus increased 
survival, and promoted superior growth. This result suggests that eyestalk ablation is promising for the cultivation of 
M. americanum.
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under the control of the sinus gland [11], and could have a similar role 
as in insects. However, this has not yet been established. Coagulation 
is part of the humoral immune response [30,31] in crustaceans, 
but information regarding its modulation by the endocrinal system 
is scarce. The aim of this study was to evaluate if the technique of 
unilateral eyestalk ablation promoted the acceleration of reproduction 
and to determine its effect on the immune system in females of the 
prawn M. americanum.

Methods
Sample collection 

Prawns were captured at El Opochi, Sinaloa de Leyva, Sinaloa, 
México, at 107°27’56” and 108°40’22” west (longitude), 25°39’54” and 
26°25’49” north (latitude). Sixty females and 20 males were captured 
using homemade cylindrical metal traps with a 2.5 cm net. The traps 
were deployed at sunset and collected early the next morning. Captured 
prawns were transported to Centro Interdisciplinario de Investigación 
para el Desarrollo Integral Regional (CIIDIR) in Guasave, Sinaloa, 
México. They were acclimated in 1000-L plastic containers (Rotoplas TM 
Model BEC-1000L, Zona Industrial Santa Rosa, Los Mochis, Sinaloa, 
México) with 500 L of municipal water. Polyvinyl chloride tubes were 
given as shelter. The density of organisms per container was 12, with 2 
males and 10 females. Prawns were fed daily ad libitum for 15 days with 
a mix of 80% Oreochromis niloticus (Linnaeus, 1758) fish meat (cultured 
at CIIDIR) and 20% shrimp pellets (Purina TM 35% protein, Agribrands 
Purina, México S.A de C.V. Delegación A. Obregón, México D.F.). 
Aeration was constantly supplied, the light/dark regime was 14 h/10 h 
and the temperature was 29 ± 3°C.

Eyestalk ablation (EA)
To analyze the effect of unilateral EA and removal the OXSG in M. 

americanum, the EA procedure was performed with negative stimulus 
reduction modification, as previously described [32]. Before ablation, 
xylocaine gel (AstraZenecaTM 5% xylocaine, Naucalpan de Juárez, Edo. 
Mex. México) was applied with cotton and spread around the ocular 
peduncle. Then, the base of the peduncle was cut, squashing it to push 
out the XOSG. Instead of using a coagulant, the traumatized area 
was covered to prevent bleeding. Coagulation occurs within 35 s in 
“normal” organisms; therefore, to reduce bleeding, the traumatized area 
was covered (under water) for the same amount of time in this group. 
The control group was manipulated but their eyestalks were not ablated. 
The EA group consisted of 17 females distributed in two containers and 
the control group consisted of 20 females distributed in two containers. 
Only organisms in the intermolt stage [6] were included.

Molt events

M. americanum has closed thelycum, mating only occurs when 
females shed their exoskeleton. Thus, it was important to establish if 
eyestalk ablation could promote the acceleration of the molt cycle and 
the possibility of more reproductive events. Molt events were registered 
daily in both the EA and control groups. To identify each organism, a 
numbered tag was attached to the dorsal section of the cephalothorax. 
This tag is lost with the exoskeleton during molting, and then reattached 
when the new exoskeleton hardened. The duration of the molt cycle and 
the number of molts were recorded for each organism in both groups.

Reproductive index

Recent molted females from both groups were registered and 
observed for spawning. Reproductive index was obtained with the 
equation: number of spawning/number of molts=Reproductive index.

Food intake

During the experiment, both the EA and control groups were fed 
10% of their total biomass (grams) daily. Food consisted of 80% fish meat 
and 20% shrimp pellets. This quantity of food is more than is required 
per individual, allowing us to estimate food intake by measuring the 
amount of leftover food after 24 h. The equation used to estimate intake 
was as follows: total food–leftover food=intake, expressed in grams of 
food intake per gram of prawns. 

Growth rate 

Two days previous the eyestalk ablation, and monthly, organisms 
were weighed utilizing an Ohaus HH series scale. Growth rate was 
calculated by the equation:

 (final weight – initial weight)/time (months)=Growth rate

Oxygen consumption

Oxygen consumption was analyzed by individually placing 6 EA 
and 6 control prawns in a breeding chamber as previously described 
[33]. Oxygen levels were saturated and stabilized at 6 mg/L. Then, the 
system was closed and the oxygen consumption was recorded every 
30s. The analysis was concluded when the oxygen concentration 
reached 2 mg/L. Consumed oxygen in each measurement was reported 
as the specific respiration rate (µmol mg-1 h-1), using the formula:  

( )
mgof prawns
Cc Ca V

t
− ⋅

=
⋅

Where Cc and Ca are the oxygen concentrations (mg-1) of the 
chamber with controls and with animals, respectively, t is the incubation 
period (min) and V is the volume of the chamber (ml).

Coagulation 

Coagulation was analyzed by withdrawing hemolymph from the 
ventral sinus without an anticoagulant solution. Hemolymph was 
placed on a glass slide and shook slowly until jellification. The time 
between hemolymph withdrawal and jellification was considered the 
coagulation time. 

Hemolymph samples 

Hemolymph samples for metabolic and immunologic testing were 
collected at 5 days after the eggs harvest, approximately 20 days from 
the last molt, in the morning before feeding. This period was chosen 
believing that the females would not be distracted by taking care of 
the eggs that they are carrying or by the process of molting. At this 
time, the females were considered to be focused on eating and gonad 
development. Hemolymph was sampled utilizing an anticoagulant 
solution (0.34 M NaCl, 30 mM trisodium citrate; pH 7.5) 2:1 to 
hemolymph [34].

Total hemocyte count (THC)

Hemolymph was diluted 1:10 with an anticoagulant solution and 
4 % Formaldehyde. From this solution, hemocytes were counted in 
triplicate in a Newbauer chamber under a light microscope. The THC 
was reported as the number of hemocytes per ml-1 of hemolymph. 

Analysis of plasma and cell content 

Cells from the original 2:1 solution were separated from the plasma 
by centrifugation at 800 g and washed once with anticoagulant solution. 
Then, the cells’ contents were recovered by centrifugation at 12,000 g 
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for 30 min, in a 1:1 volume of withdrawn hemolymph to cacodylate 
buffer (10 mM sodium cacodylate, pH 7). Cells were analyzed to 
measure proPO. Plasma was used for the measurement of glucose, 
lactate, triglycerides, protein and the immunologic indicator PO. A 
standard curve was constructed prior to metabolite analysis. Twenty 
µL of the sample were analyzed in triplicate. Absorbance was measured 
for glucose (490 nm), lactate (535 nm) and triglycerides (490 nm) using 
commercial kits from RANDOX (Crumling, United Kingdom). Protein 
was quantified using the Bradford method [35].

Determination of proPO content and PO activity

Phenol oxidase activity was determined by recording the formation 
of dopachrome from L-dihydroxiphenylalanine, a reaction catalyzed by 
PO [36]. Fifty µl cacodylatebuffer was added to 50 µl plasma. Then, 50 
µl L-dopa (3 mg ml–1 dH2O) was added. The solution was incubated 
for 10 min at 25°C, then 800 µl cacodylate buffer was added. The 
absorbance was measured, and cacodylate buffer was used as a control. 
Total activity was expressed as the change in absorbance at 492 nm 
min–1 ml–1 of hemolymph sampled.

To determine proPO content, the proPO sample was first 
activated to PO with trypsin (0.1 mg ml–1 in distilled H2O), then PO 
activity was determined as described previously. ProPO and PO were 
analyzed separately in the plasma and the cellular pellet. However, data 
obtained for both fractions were summed to correct for the accidental 
degranulation or rupture of hemocytes.

The significance of the variables was evaluated by the one way 
ANOVA test and a posteriori Tukey Test. The level of significance was 
∝=0.05.

Results
Survival was higher in females in the EA group than those in the 

control group (Figure 1). The counts of the number of molts per group 
showed that the EA group had 32 molts and the control group had 24 
molts (Table 1). The molt cycle was not significantly reduced in time 
(P=0.17) when females underwent unilateral EA (Table 1). 

Food intake was significantly higher in females in the EA group than 
in the controls (P=0.007) (Table 1), growth was significantly higher in 
EA females too (P=0.017) (Table 1). In addition, oxygen consumption 
was significantly higher in females in the EA group (P=0.047) than in 
the control group (Table 1). No significant difference was observed in 
the concentration of glucose (P=0.19) (Table 1). The concentration of 
lactate was significantly lower (P=0.02) in the EA group than in the 
control group (Table 1). Triglycerides were significantly higher (P=0.02) 
in the EA group than in the control group (Table 1). No significant 

difference in the plasma protein concentration was found between the 
two groups (P=0.54) (Table 1). 

In regards to the immune system, only the hemocyte count was 
significantly different (P=0.002) (Table 2). No significant difference 
was detected between groups in any other variable, including protein 
concentration from the hemocytes’ contents (P=0.4), coagulation time 
(P=0.97), total activity of proPO (P=0.3), total activity of PO (P=0.47) 
and total activity of whole PO (P=0.25) (Table 2).

Discussion
Unilateral eyestalk ablation is a common practice to induce ovary 

maturation in many difficult-to-spawn, closed-thelycum female prawn 
brood stock species such as F. aztecus, F. duorarum, Penaeus monodon 
(Fabricius, 1798) and P. orientalis (Gmelin, 1790) [37,38]. This practice 
can be successfully applied during the reproductive season, as well as 
during the off-season, to promote spawning [39]. Analysis performed 
in this study demonstrated that the metabolism of M. americanum was 
not influenced to accelerate reproduction following EA. 

Crustaceans with closed thelycum must first shed the exuvia to 
expose the thelycum for mating. An acceleration of the molt cycle was 
expected in M. americanum, similar to that occurring in M. rosenbergii; 
however, this was not the case. Molt frequency must increase if females 
are to produce more eggs per over time. In addition, maturation of 
the gonad must be accelerated. Both of these processes have to be 
synchronized before mating and producing viable fertilized eggs. 
Unilateral EA has previously been shown to have different effects on 
the length of the molt cycle in prawns. 

A decrease in the duration of the molt cycle following EA is 
primarily attributed to a lowered concentration of molt-inhibiting 
hormone (MIH) caused by EA. Sinus gland extracts or recombinant 
MIH inhibit ecdysteroid biosynthesis [40-42]. Thus, in EA prawns, 
20-hydroecdysone (20E) should be synthesized and secreted at a 
higher rate. In the prawns Marsupenaeus japonicas and M. rosembergii 
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Figure 1: Survival of both control and eyestalk ablated groups.  Initial N for 
control and eyestalk ablated group=20 and 17 prawns respectively.

Control Eyestalked
No. of Molts 24 32 *
Molt cycle (days) 31.3 ± 3.4 29.4 ± 5.5
Ingesta (g food x g prawn) 0.046 ± 0.016 0.056 ± 0.02 *
Growth rate                                         
(g x month)

2 ± 0.35 4 ± 0.6 *

Respiration rate (µmol mg-1 h-1) 2.3 ± 1.1 3.8 ± 0.9 *
Glucosa (mg.dl-1) 38.1 ± 17 32 ± 20
Lactato (mg.dl-1) 34.9 ± 17 22.9 ± 18 *
Protein (mg.dl-1) 364 ± 145 393 ± 213
Trigliceridos (mg.dl-1) 64.6 ± 17.2 78.9 ± 19.3 *

Table 1: Variables associated to the eyestalk ablation. Number of molts was 
registered during four month. Average and standard deviation are presented. * 
indicate significant differences.

Control Eyestalked
Coagulation (S) 38.45 ± 10.14 41.45 ± 11.16
THC 10.92 ± 1.39 16.3 ± 5.68 *
Protein (mg.ml-1) 18.67 ± 6.25 17.88 ± 4.75
ProPO (Ab.t.Vol) 3.74 ± 2.04 4.67 ± 2.62
PO (Ab.t.Vol) 6.98 ± 1.56 7.34 ± 1.26
Whole PO 10.73 ± 3.61 12.02 ± 3.89

Table 2: Immune variables analyzed after eyestalk ablation. THC = Total 
Hemocyte Count, proPO=prophenol-oxidase, PO=phenol-oxidase, S=seconds, 
Ab.t.Vol=Absorbance per time per volume. Average and standard deviation are 
presented. * indicate significant differences.
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[20,43] and shrimps Farfantepenaeus aztecus and Litopenaeus 
vannamei [25,38], molting and gonad development are accelerated and 
synchronized for mating and the production of larvae. An increased 
molt frequency has been reported in Homarus americanus but only 
after bilateral EA [44]. Conversely, studies on Litopenaeus stylirostris 
[45] and other crustaceans [46] have failed to note a decrease in molt 
cycle duration after EA. It has been suggested that these results were a 
consequence of the molt stage or reproductive stage of the shrimp at the 
time of EA [47]. To standardize the procedure in this experiment, EA 
was performed during the intermolt stage. In Macrobrachium diggetii, 
the molt cycle length did not change, although metabolites associated 
with egg maturation were more highly concentrated in hemolymph. 
This finding indicates that while egg development was accelerated, 
reproduction was not accelerated. In M. lanchesteri, a similar increase 
in molt frequency was not apparent, but a significant increase in the 
food conversion rate between normal, unilateral and bilateral EA 
individuals was reported [18].

In EA M. americanum females, there was not a reduction in the 
length of the molt cycle. However, based on the higher food intake, 
elevated oxygen consumption and increased growth following ablation, 
these prawns’ metabolism was clearly accelerated. An increase in food 
intake promotes the elevation of protein concentration in hemolymph 
that can be utilized for energy production or growth [48]. In M. 
americanum, protein from food appeared to be utilized for growth 
because the EA group registered 100% more growth than controls. 
Furthermore, the relationship between intake and metabolized protein 
did not change the protein concentration in M. americanum hemolymph. 
This suggests protein equilibrium and sufficient supply to support the 
demand for growth by the unilateral EA group. Protein could be used 
for vitellogenin synthesis, but the main consumption of protein could 
be growth. Eyestalk ablation induces gonadal maturation due to the fact 
that vitellogenesis is negatively controlled by vitellogenesis-inhibiting 
hormone (VIH), produced by the XOSG complex in the eyestalks [49]. 
In previous studies, contradictory results were obtained regarding the 
effect of EA on protein levels in the hemolymph of penaeid shrimps. It 
was reported that protein levels decreased by 50% in unilaterally EA 
Farfantepenaeus paulensis (Pérez Farfante) females [23]. In contrast, 
another report [24,25] noted a non-significant increase in protein in 
unilaterally EA L. vannamei females. 

Glucose concentration in hemolymph was also not significantly 
different between the EA and control groups, despite the high rate 
of food intake. This finding indicates that energetic demands were 
supplied by the food, thus maintaining a stable concentration of glucose 
in the hemolymph. A previous study in EA shrimp found differences 
between the sexes in the efficiency of energy use and concluded that 
this difference was related to the different reproductive efforts in males 
and females [50]. In this study, evidence suggested that glucose was 
mainly utilized to produce energy by oxidative metabolism and was not 
utilized for muscle activity. Data contributing to this assumption was 
the low lactate concentration, the high rate of oxygen consumption and 
the passivity shown by prawns after EA. It is well known that crustacean 
hyperglycemic hormone (CHH) secreted from the XOSG stimulates 
hyperglycemia [51]. However, it is not clear if CHH controls the 
baseline levels of circulating glucose because EA does not necessarily 
modify these levels. In lobsters Panulirus argus, only bilaterally and not 
unilaterally ablated specimens had lower hemolymph glucose levels 
[52]. This suggests that unilateral EA is not sufficient to deplete the 
hemolymph of circulating CHH to the extent that glucose levels would 
decrease below baseline. Controversial results have been reported 
regarding the glucose concentration in the crab Chasmagnathus 

granulate [53,54]. The latter authors attributed this discrepancy to the 
methods used for glucose analysis because the reduced levels occurred 
only when a specific enzymatic procedure was used. In Macrobrachium 
malcolmsonii (Milne Edwards) unilateral EA had no significant effect 
on the body carbohydrate content, even when fed with different foods 
[55].

Increased food ingestion is common in ablated penaeids [9,18]. 
The signal for ingestion is prompted by the energy demand, via the 
endocrine system [56], and the main hormone involved is the CHH. 
CHH promotes glycogenesis in the digestive gland and muscles [14,56]. 
After EA, metabolism is altered; glucose is stored as glycogen and the 
cellular demand for glucose rises without the possibility of resultant 
hyperglycemia from the hormone CHH [17,53, 56]. An alternative 
method to support the demand for energy is increasing food intake and 
obtaining carbohydrates from food.

Triglycerides were detected at high concentrations in the 
hemolymph of EA M. americanum females. Ablation appears to 
increase the contribution of the hepatopancreas to lipid accumulation 
in the vitellogenic ovary [57,58], although captive conditions (including 
diet) may also play a role in this increase [57]. The lipid content of the 
EA and intact control M. malcomsonii fed with adult Artemias pp was 
significantly higher compared to other foods [54]. Lipids from food are 
mainly stored in the digestive gland as triglycerides. When lipids are 
required for structural components, energy or reserves in eggs, they are 
transported from the digestive gland to the target tissue or the gonad 
[59]. Gonad development was not recorded in this experiment because 
its characteristics in live animals are not clear, but it was wise thinking 
in those triglycerides as associated to the gonad maturation as a possible 
explanation. In M. malcolmsonii the levels of protein and lipids, but 
not carbohydrates, were altered significantly after unilateral EA [54]. 
Another study reported EA caused marked changes in hemolymph 
glucose, glycogen, protein, total lipids and glycerol in the tissues of 
Metapenaeus monoceros (Fabricius) [60].

The EA group exhibited higher survival rates than the control group 
during this experiment. EA not only alter hormones, it also results in 
severe trauma, destruction of a mayor portion of the nervous system 
and renders the animal blind [11,61]. In this experiment, no mortality 
occurred during the process of EA or 48 h post-EA. Mortality in M. 
americanum was more commonly related to attacks between animals. 
Although their respiratory rate was elevated, EA prawns showed an 
unusual passivity, thus explaining our result. Conversely, the control 
group showed more activity and attacks between prawns. Because M. 
americanum is territorial, the more active control prawns had more 
encounters and fights. Therefore, aggressiveness was the main cause of 
mortality. In other prawns such as M. lanchesteri, the mortality rate in 
ablated prawns was higher than that of intact prawns [62]. The unusual 
passivity is not in accordance with results reported in other crustaceans 
including Orconectes limosus and Cambarus sp. [63]. During unilateral 
EA, neurodepressing hormone (NDH) is partially eliminated. This 
hormone regulates the diurnal cycle and depresses the motor and 
sensory systems of the organism [7,10,63]. EA promotes hyperactivity 
because the lack of NDH. However, in M. americanum, the result was the 
opposite. These prawns showed passivity and low lactate concentration, 
indicating that for some reason mechanical activity was not promoted 
and glucose was not metabolized anaerobically.

In vertebrates, it is clear that the immune system is not autonomous. 
Rather, this system is connected to the nervous and endocrine systems, 
constituting a multisystem [64,65]. In invertebrates, the functional 
relationship between the immune, endocrine and nervous systems is 



Citation: Asusena ACJ, Carlos SHJ, Arturo FCJ, Genaro  DP (2012) The Effects of Eyestalk Ablation on the Reproductive and Immune Function of 
Female Macrobrachium americanum. J Aquacult Res Dev 3:156 doi:10.4172/2155-9546.1000156

Page 5 of 7

Volume 3 • Issue 8 • 1000156
J Aquacult Res Dev
ISSN: 2155-9546 JARD, an open access journal

not known. The XOSG is a neuroendocrine center that produce neuro-
hormones regulating reproduction as well as metabolic processes such 
as osmotic and ionic balance [66], energy supply [50], molt [20] and 
social control [67]. Therefore, it is expected that EA resulted in direct 
or indirect consequence on the immune system. Unilateral EA has 
promoted different changes in the immune system of several crustacean 
species, however, no changes were detected in other species. In most 
crustaceans, bilateral EA caused a general alteration in immune system 
function [24,68]. One study found that when recombinant CHH 
from L. vannamei was administered to this same species, it increased 
glucose and also improved immunologic response [69]. THC, PO, 
serum protein levels and clearance ability of Vibrio harveyi were higher 
than controls. In F. paulensis females, there was a 43.7% reduction in 
the THC 1 week after unilateral EA [23]. In other studies by [24] and 
[25] on L. vannamei, a non-significant decline in THC was observed. 
In Drosophila melanogaster (Meigen, 1830) [70] found that the lack of 
ecdysteroids compromised the cellular immune response and reduced 
hemocyte proliferation and encapsulation. However, these data contrast 
with our results. We found that EA M. americanum females exhibited a 
statistically significant increase in THC compared to the control group. 

To date, two different coagulation mechanisms have been 
characterized in molecular detail in invertebrates. These mechanisms are 
the hemocyte derived clotting cascade in the horseshoe crab Tachypleus 
tridentatus [71] and the transglutaminase (T-Gase)-dependent clotting 
reaction in the crayfish P. leniusculus [72-73]. The clotting system of 
M. americanum females was not found to be affected by unilateral EA.

Despite numerous studies on the proPO activating system [26-27], 
little information exists regarding its control by the endocrine system. 
In M. americanum females, immunologic variables such as proPO and 
PO activity were not affected by unilateral EA. Similar results were 
reported by [23], they did not detect a significant change in PO activity 
in P. paulensis females after ablation. Another study [24] did not find 
a significant difference in PO activity following unilateral EA in L. 
vannamei. In addition to participating in the internal defense system, 
the enzyme PO participates in the process of cuticular melanization 
in crustaceans [74]. Sainz-Hernández JC [25] reported a decrease in 
PO activity in bilaterally EA L. vannamei, and the acceleration of the 
molting process caused by EA presumably also produces increased 
melanin production via the PO system. In the present study, females 
did not accelerate the molt cycle. Although PO is implicated in the 
molting process, PO activity was unchanged in either group. In 
Panulirus homarus, PO activity decreased after a week of EA, but THC 
did not [68].

Conclusions 
The EA procedure does not accelerate reproduction in M. 

americanum females. As this species has closed thelycum, it was 
of interest to accelerate the molt period; however, it was unaltered 
following ablation. EA prawns survived longer than control prawns, 
thus more molts were observed in the EA group. The use of EA in M. 
americanum aquaculture may be favorable and encouraged. Survival 
and food intake are relevant variables for optimal aquaculture, not due 
to increased reproduction but due to increased biomass harvest. 
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