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Abstract

There is much evidence to support that Mocis latipes larvae (Guenèe, 1852) are the most dangerous pasture pest and 
usually cause large environmental losses. However, no studies have been carried out to identify the instars during which 
this moth causes the most damage to the environment. Here we calculate M. latipes larval energy budget to assess its 
consumption across all instars and estimate the consumption/amount of plant biomass required to complete its larval 
development. Assimilation, respiration, consumption, excretion, gross growth efficiency and net growth efficiency 
were calculated. Pearson correlations were used to identify the best predictors that influenced larval growth and weight. 
Across all instars consumption increased exponentially, especially during the last phase. M. latipes larvae consumed ca 
13.8% of total food from the first to the fifth instar, whereas during the sixth instars these larvae consumed ca 72.6%. 
Results also show that the best gross growth and net growth efficiency were obtained when larvae reached the fifth 
instar. The results also show that one larva of Mocis latipes consumes 1.02 g (dry weight) of Paspalum maritimum 
(Trin) in 19 days. Overall, our results indentified the sixth instar as the most destructive instar of this insect. Thus, once 
we know the most destructive instars of this pest, measures can be taken to disable M. latipes larval development and 
consequently stop their increase in plant consumption, reducing ecological and economic damage. This knowledge 
may eventually lead to reduced agricultural damage and contribute to sustainable farming strategies.
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Utilizando o balanço energético de Mocis latipes (Guenèe, 1982)  
(Lepidoptera - Noctuidae) para identificar o estágio do  

ciclo de vida mais perigoso de uma praga de pastos

Resumo

Inúmeras evidências indicam a larva de Mocis latipes (Guenèe, 1852) como uma das pragas de pastagem mais perigosas 
e que comumente causam grandes perdas ambientais. Entretanto, nenhum estudo foi feito para identificar qual a fase 
de desenvolvimento em que o dano ao ambiente é maior. Neste trabalho, nós calculamos o balanço energético larval de 
M. latipes para descobrir o consumo em cada instar e estimar o consumo requerido para completar o desenvolvimento 
larval. A assimilação, respiração, excreção, consumo e os coeficientes, bruto e líquido, do crescimento foram calculados. 
Correlações de Pearson foram usadas para identificar os preditores que mais influenciavam o crescimento da larva. 
Resultados indicaram que o consumo aumentou exponencialmente durante os instares, especialmente durante o último 
instar. Larvas de M. latipes consumiram aproximadamente 13,8% do recurso alimentar total entre o primeiro e o quinto 
instar, enquanto que no sexto instar consumiram 72,6%. Os resultados também indicaram que o consumo bruto e o 
consumo líquido foram maiores nos últimos instares. Também se verificou que apenas uma larva consumiu 1,02 g de 
Paspalum maritimum (Poaceae) em 19 dias. Em resumo, nossos resultados identificaram o sexto instar como o mais 
destrutivo. Uma vez que se conheça o instar mais destrutivo, medidas mais eficazes podem ser tomadas para inibir 
o desenvolvimento larval de M. Latipes e o crescimento significativo do seu consumo e, consequentemente, reduzir 
danos ao ambiente. Este conhecimento pode, eventualmente, contribuir para reduzir danos à agricultura e contribuir 
para seu desenvolvimento sustentável.

Palavras-chave: Mocis, mariposa, praga de pastos, balanço energético.
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1. Introduction

Many studies support that a great number of species 
of Lepidoptera are the most dangerous pasture pests, and 
usually cause large environmental losses (Panizzi and 
Parra, 1991; Oliveira, 1997; Ferreira et al., 2002). The 
grass looper, Mocis latipes (Guenèe, 1852) (Lepidoptera: 
Noctuidae) is a polyphagous insect that feeds mainly on 
herbaceous plants, crops or wild species, with a special 
preference for pasture species such as grasses, oats, wheat, 
corn, and rice (Silva et al., 1968; Lourenção et al., 1982; 
Cruz and Santos, 1983; Santos et al., 1994; Silva et al., 
1994; Oliveira, 1997). Also, this insect can have a large 
impact on cultivated species such as cotton, coffee, soybeans, 
peanuts, and also tree and shrub species (Silva et al., 1968; 
Lübeck et al., 1995; Zanuncio et al., 1995; Gomez, 1998; 
Gallo et al., 2002). The grass looper it is widely distributed 
throughout the American continent, from north of Canada to 
Argentina (Reinert, 1975; Cruz and Santos, 1983; Silva et al., 
1991; Lima et al., 1998). In Brazil, this species is present 
in almost all states, mainly in Bahia, where agricultural 
and livestock activities are well developed (Salles et al., 
1979; Costa et al., 1983; Santos et al., 1994; Silva et al., 
1994; Lübeck et al., 1995; Ferreira et al., 1998; Ferreira 
et al., 2002).

M. latipes’s life cycle is characterised by 6 to 7 instars 
and 50 days are necessary for total larval development 
(Santos et al., 1994; Gallo et al., 2002). During the last instar, 
the larva becomes a pupa using plant leaves to produce a 
protective cocoon, where it completes its metamorphosis 
and subsequently transforms into a 42 mm long moth 
(Lourenção et al., 1982; Costa et al., 1983; Silva et al., 
1991; Oliveira, 1997; Valério, 1997; Ferreira et al., 2002). 
Post larval stages are appropriate for measuring energy 
budgets and to evaluate how the digestibility of plant material 
in their diet influences growth rates (Jiménez-Yan et al., 
2006). The energy budget of an individual allows the 
quantification of energy flow throughout the lifetime of 
an organism, describing the rates at which the organism 
assimilates and uses energy for maintenance, growth and 
reproduction (Koojima, 2000, 2001; Wuenschel et al., 
2004; Lemos et al., 2006).

Our main purpose in this paper was to calculate 
M. latipes larval energy budget and then estimate the 
amount of consumed food required to complete its larval 
development. Specifically, we hypothesised that the last 
instars play a major role in determining the growth of 
M. latipes. Although there is extensive knowledge about 
M. latipes life history, as far as we know this is the first 
study that describes its energy budget.

2. Material and Methods

2.1. Experimental data

This study was developed at the Laboratory of 
Entomology at the Bahia Agricultural Development 
Company (EDBA), from the Government Agricultural 
Secretary, in Salvador (Bahia State), Brazil, from January 

to June 2003. Three hundred specimens of M. latipes were 
randomly captured from a natural population in Salvador 
(38° 2’ S and 13° 13’ W), and were used to calculate the 
M. latipes larval energy budget and to estimate larval growth 
throughout the instars. These insects were maintained 
in the laboratory at a constant temperature of 24 °C and 
relative humidity of 70%.

2.2. Diet preparation and feeding procedures

Individuals were separated into three pairs of moths by 
sex and age. These pairs were put into cylindrical plastic 
containers of 18 cm diameter and 20 cm high, internally 
lined with filter paper, used to facilitate the hatching of 
moth eggs. Inside these recipients, a 1% honey solution 
was put into a glass bottle in order to sustain the adult 
moths. Feeding took place by capillarity, dipping a bit of 
cotton into the honey solution, which was changed daily 
to avoid fermentation. Petri dishes (16 cm in diameter) 
were used to stabilise the containers.

Insects were placed into a refrigerator at 7 °C for 
20 minutes, leaving individuals partially anesthetised. 
Then, moths were removed from the containers and eggs 
were separated and placed into Petri dishes until they 
hatched. One hundred larvae per couple were collected 
and fed with 400 cm2 of Paspalum maritimum (Trin). This 
grass is frequently used as a pasture species, and has a 
high nutritional value (Lorenzi, 1982).

2.3. Energy budget

Mocis latipes basic energy budget parameters were 
obtained following Petrwsewicz and Macfadyen (1970). 
Accordingly, we included a set of seven variables:

•	 Consumption	 (C)	 was	 determined	 by	 ingestion	
rate. At each larval instar, initial dry weight of 
P. maritimum was obtained. Grass was placed into 
a kiln at 60 °C for 24 hours. The same procedure 
was used to obtain the weight of P. maritimum 
unconsumed biomass. Consumption was defined 
as the difference between initial dry weight of 
grass and the dry weight of the rejected food;

•	 Excretion	(F)	was	considered	as	a	portion	of	energy	
or food consumption not absorbed and excreted as 
faeces. Initially, faeces and unconsumed food were 
separated by a gravimetric method. Thus, faeces 
were collected; quantified and weighed. Samples 
were put into a kiln at 60 °C for 24 hours and then 
dry weight was obtained;

•	 Instantaneous	 production	 (P)	 of	 each	 instar	 was	
obtained following the equation P = Pi

P
 + Pex

i
 – P

i.
, 

where P
ip
 was the initial larval dry weight at the 

posterior instar, Pex
i
 was the exuviae larval weight 

of the instar i and P
i 
was the initial larval weight at 

the instar i; 
•	 Assimilation	(A)	and	Respiration	(R)	parameters	

were obtained indirectly, using consumption, 
excretion and instantaneous production, using the 
equations: A = C – F and R = A – P;
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•	 Assimilation	 efficiency	 (U)	 was	 considered	 as	
part of consumed food retained for physiological 
purposes (Martinez et al. 1995) and was calculated 
as the rate of assimilation and consumption 
(U = A/C);

•	 Gross	growth	efficiency	(K
1
) was considered as a 

portion of the consumption converted into organic 
biomass (K

1
 = P/C); and

•	 Net	 growth	 efficiency	 (K
2
) represented the 

assimilated energy converted to growth and was 
obtained by the formula (K

2 
= P/A). These values 

are represented as a percentage.
The energy budget was finally calculated, quantifying 

the total food consumed, excreted, and assimilated at each 
larval instar. Average egg weight was recorded and used as 
the initial weight of the life cycle. Larvae were placed into 
plastic containers, and their survival estimated, counting 
the number of live and dead individuals.

2.4. Statistical analyses

After checking for normal distribution and homogeneous 
variance, Pearson’s correlations were used to relate which 
factors are most associated with larval development 
throughout the instars, using the software pack Statistica 
(StatSoft, Inc., 2003).

3. Results

M. latipes ontogenetic energetic budget parameters 
presented great oscillations between instars. Larval weight 
increased in all instars. M. latipes consumption exhibited 
an exponential increase, especially during the last instars. 
Consumption values ranged between 0.43-7.02 mg/ind/h 
from the first to the fifth instar, representing 13.8% of total 
consumed food. At the last instar this moth consumed 
37 mg/ind/h (72.6%) of total food. Not surprisingly, 
larval excretion followed a similar pattern. From the total 
food consumed, 24.3 mg/ind/h (48%) were excreted. 
Most of these excreta, 21.8 g (89.4%), were discharged 
at the sixth instar. In relation to assimilated energy, the 
assimilation efficiency, calculated as the proportion of 
absorbed energy, was 44%. This assimilation showed a 
slight increment until the fifth instar. A similar pattern 
was found for respiration and growth rates (Figure 1). 
Further, the results also showed that one larva of M. latipes 
consumed 1.02 g (dry weight) of Paspalum maritimum 
(Trin) during its larval cycle, in 19 days. Taking this into 
account, we verified that 90.8 larvae needed 1 m2 of P. 
maritimum of 20 cm leaf length and 92.65 g (dry weight) 
in order to complete their life cycle.

The gross growth efficiency (K
1
) and energy 

consumption channelled into growth (K
2
) showed 

similar results. The best gross (35%) and net growth 
(43%) efficiency was obtained when larvae reached 
the fifth instar. However, a higher increase was noted 
for K

2
 between the first and the second instars. The 

assimilation efficiency (U) was 20% at the three initial 

Figure 1. Consumption (C), Faeces, Excretion (E), 
 Assimilation (A), Growth (Pg) and Respiration (R) of Mocis 
latipes across the different stages of larval development.

Figure 2. Estimated values of assimilated energy (U), gross 
growth efficiency (K1) and energy consumed channelled into 
growth (K2) throughout Mocis latipes larval  development.

Table 1. Pearson correlations of weight and growth of  Mocis 
latipes with its Consumption, Excretion, Assimilation and 
Respiration (R). (*P < 0.05).

Weight (g) Growth
r Probability r Probability

Consumption 0.149 >0.1 0.932* <0.001

Excretion 0.070 >0.1 0.936* <0.0001

Assimilation 0.750* <0.01 0.446* <0.01

Respiration 0.422* <0.01 0.545* <0.01

instars, with a progressive linear decrease until the last 
instar (Figure 2).

The relationship between larval growth and weight with 
bioenergetic variables showed different patterns (Table 1). 
Simple correlations indicated that the assimilation coefficient 
was the most strongly correlated parameter with larval 
weight, while consumption and excretion were the most 
significant coefficients correlated with moth growth.

Energy budget of Mocis latipes
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4. Discussion

Our data indicated that energy partitioning (% of 
ingestion) of M. latipes larvae was markedly different 
from the first to the sixth instar. Consumption by M. latipes 
larvae was substantially greater during the last instar, 
which agrees with previous findings in different parts of 
the world, supporting that M. latipes larval consumption is 
significantly correlated with metabolic changes during their 
life cycle (Parra, 1980; Crócomo and Parra, 1985; Panizzi 
and Parra, 1991; Busato et al. 2002; Ferreira et al., 2002). 
Furthermore, our data also indicated that consumption by 
M. latipes larvae was strongly correlated with their growth. 
This parameter is fundamental in the life cycle of M. latipes 
and this importance becomes evident between the third 
and sixth instars (Silva and Carvalho, 1986). This greater 
demand may be related to the increase in metabolic rate, 
the energy required for digestion, absorption, nutrient 
storage, synthesis and deposition of tissue components 
(Lemos et al., 2006). Thus, similar to these previous studies, 
our results support the hypothesis that the last instars play 
a major role in determining the growth of M. latipes. 
In the same manner, excreted energy was substantially 
augmented when consumption increased. Excreta values 
may be related to digestible food matter and assimilation 
efficiency, suggesting a high digestibility of the diet.

Studying the energy budget of wood-feeding larvae 
of Corymbia rubra (Linnaeus, 1758), Walczynska (2007) 
found that assimilation in these larvae was 29.1%. Jimenes-
Yan (2006) found that the assimilation of shrimp larvae 
(Litopenaeus vannamei (Boone, 1931): Decapoda - Penaeidae) 
was 41%. Both authors conclude that these values represent 
a strong/high diet digestibility. The assimilation efficiency 
M. latipes larvae was similar, suggesting a high absorbability 
of Paspalum maritimum (Trin.), which is corroborated by the 
high assimilated energy during the last instars (Figure 1). In 
the same way, gross (K1) and net (K2) growth efficiencies 
were high until the fifth instar.

Changes in behaviour (i.e. mobility, time spent in 
searching for food) would explain the routines in their 
metabolism (Jimenez-Yan, 2006). Furthermore, the total 
available food is not completely absorbed, because only 
a portion of this food is really digested (Petrwsewicz and 
Macfadyen, 1970). From the total assimilated energy, a 
fraction is lost through oxidative processes and metabolism 
maintenance and another portion is used for growth, 
reproduction, and cell regeneration (Busato et al. 2002). 
Moreover, the quality of consumed food could influence 
larval growth and also interrupt the larva’s life cycle (Felipe 
and Zucoloto, 1993; Busato et al., 2002; Ferreira et al., 
2002; Heard et al., 2005), and also affects growth rate 
and weight, and consequently the moth’s growth (Scriber 
and Slansky-Jr., 1981). The ecology and behaviour of 
insects could be strongly influenced by nutritional factors 
(Santos et al., 2003). When the nutritional quality of 
consumed food affects larval growth, this insect can increase 
consumption and excretion, and consequently increase its 
damaging/destructive power. Other pasture pests of the 
Noctuidae family, like Anticarsia gemmatalis (Hübner), 
also cause great damage to agriculture during their larval 
phase (Gallo et al., 2002). Larvae of A. gemmatalis (Hübner, 

1818) exhibit an elevated consumption throughout their 
larval development, and usually consume 90 cm2 of grass 
leaves to complete their ontogenetic development (Gallo, 
et al., 2002; Andrade et al., 2004). At a rice plantation, 
Ferreira et al. (2002) found that 5.5 larvae/m2 were necessary 
to reduce more than 50% of this crop. This indicates that 
consumption may be directly related to the crop species. 
The higher assimilation efficiency of M. latipes larvae seems 
to be related to an increase in their consumption during the 
last instars and consequently an increase in their potential 
damage to agriculture.

Finally, the use of energy budgets can help optimise pest 
control and derive in the practical development of optimal 
pest control strategies, once we know at which instars these 
species cause the most pasture damage (van Oijen et al., 
1995; Ratsak, 2001). The ontogenetic balance of M. latipes 
indicated little consumption during the three initial instars 
and a substantial increase at the fifth instar. Using this 
information, effective measures can be taken to disable 
M. latipes larval development and consequently avoid the 
strong increase in their consumption, reducing ecological 
and economic damage. This knowledge may eventually 
lead to reduced agricultural damage and contribute to 
sustainable farming strategies.
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