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Introduction

Belowground herbivory 
could play an impor tant 
role in the determinat ion 
of vegetal species richness 
and abundance (Brown and 
Gange, 1989; Blossey and 
Hunt-Joshi, 2003; De Deyn 
et al., 2003; van der Putten, 
2003; Schädler et al., 2004) 
inasmuch as it can change 
the patterns of carbon and 
nit rogen al location of the 
plants, and affect the re-
cruiting process, the mortal-
ity rate and the competitive 
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ability of the plants (Huntly, 
1991; Hunter, 2001; Blossey 
and Hunt-Joshi, 2003). These 
effects of belowground her-
bivory on plant functioning 
depend on the root-feeder 
identity and density. Also, 
they depend on whether 
the herbivore, the plant or 
both are introduced or na-
t ive species. Root feeders 
could significantly reduce 
plant production and even 
kill the plant at high densi-
ties (Ueckert, 1979; Murray 
et al .,  2002; Blossey and 
Hunt-Joshi, 2003, Dawson et 

al., 2004). High larval densi-
ties are the result of the root 
feeder aggregated spatial dis-
tribution pattern (Andersen, 
1987; Brown and Gange, 
1990). Under this condition 
root-feeder larvae significant-
ly reduce their own survival 
and growth rates due to in-
traspecific competition for 
food (Règniére et al., 1981; 
Brown and Gange, 1990).

Larvae of Phyllophaga 
(Coleoptera:Melolonthidae) 
are widespread native herbi-
vores which consume roots 
of wild plants, crops, orna-
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mentals, orchards and forest 
plantations, as well as decay-
ing plant material (Morón, 
1986). Their life cycle lasts 
one year in tropical regimes 
or up to three years in tem-
perate a reas. Oviposit ion 
takes place from late spring 
to early summer, eggs are 
laid near the host plant or 
in sites with high organic 
matter content. The species 
have three larval stages, of 
which the third is the lon-
gest (Ritcher, 1957; Morón, 
1986). In Mexico, the larvae 
of Phyllophaga are common 

SUMMARY

The belowground herbivory has received relatively little atten-
tion. The plant response to belowground herbivory is variable 
and partially mediated by the identity and density of the root 
feeder. This study evaluated 1) the effects of belowground her-
bivory by two densities of the common root feeder, Phyllophaga 
(Phytalus) hoegei on the plant biomass, the nitrogen content 
of tillers and roots of the native, dominant grass Muhlenber-
gia quadridentata; and 2) the effects of these two larval densi-
ties on the survival and growth of this species. The experiment 

was performed in a pine forest area at 3200masl. Plants were 
established in pots in the field and subjected to belowground 
herbivory (three levels) in a completely random design with ten 
replicates per treatment. High densities of the root feeder sig-
nificantly decreased root biomass and the root/shoot ratio, but 
the herbivores did not affect the nitrogen concentration of plant 
tissues. Survivorship of Phyllophaga hoegei larvae was not af-
fected by growth density, but at high density the root feeder lar-
vae decreased the relative growth rate and the weight gained.
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(COLEOPTERA:MELOLONTHIDAE) ON PLANT AND HERBIVORE 
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EFECTOS DE LA DENSIDAD DE LARVAS DE Phyllophaga (PHYTALLUS) hoegei (COLEOPTERA:MELOLONTHIDAE) 
EN EL CRECIMIENTO DE PLANTAS Y HERBÍVOROS
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RESUMEN

La herbivoría subterránea ha recibido poca atención. La res-
puesta de las plantas a la herbivoría subterránea es variable y 
mediada parcialmente por la identidad y densidad del rizófago. 
En este estudio se evaluaron 1) los efectos de la herbivoría sub-
terránea de dos densidades de Phyllophaga (Phytalus) hoegei en 
la biomasa de la planta y el contenido de nitrógeno de tallos y 
raíces del pasto nativo dominante Muhlenbergia quadridentata, 
y 2) los efectos de esas dos densidades de larvas en la supervi-
vencia y crecimiento de esta especie. El experimento se llevó a 

cabo en un área de bosque de pino a 3200msnm. Las plantas se 
establecieron en macetas en el campo y estuvieron sujetas a her-
bivoría subterránea (tres niveles) en un diseño completamente al 
azar con diez repeticiones por tratamiento. Altas densidades del 
rizófago disminuyeron significativamente la biomasa de raíces y la 
proporción raíz/tallo, pero no varió la concentración de nitrógeno 
en los tejidos de las plantas. La sobrevivencia de las larvas de 
Phyllophaga hoegei no fue afectada por la densidad a la que 
crecieron, pero en altas densidades, la larva rizófaga disminuyó 
su tasa de crecimiento relativa y la ganancia de peso.

Fabiola Ramírez Corona. 
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in a variety of environments, 
including coniferous forests 
and subalpine grasslands.

Muhlenbergia quadri-
dentata (H.B.K.) Kunth is 
a perennial C3 bunchgrass 
widespread species in the 
understory of pine and fir 
forests of Mexico, and has 
an adequate forage value for 
cattle (Beetle et al., 1995). 
The pine forest study site is 
representative of other high 
alt itude forests in central 
Mexico. Here Phyllophaga 
(Phytalus) hoegei is the dom-
inant species of the macro-
arthropod root feeding com-
munity (Morón-Ríos et al., 
1997) and M. quadridentata 
is one of the dominant grass 
species of the forest under-
story (Obieta and Sarukhán, 
1981). The response of M. 
quadridentata to artificial 
defoliation and belowground 
herbivory has been previously 
reported (Morón-Ríos et al., 
1997).

In the present work the 
following questions were ad-
dressed: a) What are the ef-
fects of belowground herbiv-
ory by two densities of Phyl-
lophaga (Phytalus) hoegei 
(Bates) on the plant biomass 
and the nitrogen content of 
tillers and roots of the grass 
M. quadridentata? b) What 
are the effects of these two 
larval densities on the sur-
vival and the growth of this 
insect?. The hypothesis to 
be tested were that: a) high 
Phyllophaga larval densities 
would decrease the biomass 
and the nitrogen content of 

the plant, and b) the growth 
of Phyllophaga larvae would 
decrease at high larval den-
sities.

Materials and Methods

Study area

The study site was located 
in the Zoquiapan Experimen-
tal Forest Station, 98°45’W 
and 19°30’N. The station is 
in the Zoquiapan Nat ion-
a l Park, at the Neovolca-
nic Belt of Central Mexico, 
3000-3500masl (Franco and 
Búrquez, 1981). Mean an-
nual precipitation is 1169mm 
and mean annual tempera-
ture is 11°C. The vegetation 
is a pine forest dominated 
by Pinus hartwegii Lindl. 
The understory is dominated 
by the grasses Muhlenber-
gia quadridentata (Kunth) 
Trin. and Festuca tolucensis 
H.B.K.; both form a charac-
teristic grassland-like plant 
community known locally 
as “zacatonal”. These grass-
es are grazed by cattle all 
year round but there is no 
available information on the 
intensity and frequency of 
grazing. Other grass species 
of the same genera are also 
present along with several 
herbaceous species (Obieta 
and Sarukhán, 1981).

Experimental protocol

Thir ty individuals of 
Muhlenbergia of 38 ±4cm 
height and 36 ±18 t i l lers 
(mean ± SD) were randomly 

collected in the study site. 
Plants were taken from the 
field and then potted in plas-
tic containers (19cm diam-
eter and 16cm deep) with 
nat ive sieved soi l mixed 
with sand (2:1) to improve 
pot drainage and to make 
root recovery easier. Plants 
were a l lowed to grow for 
one month before initiating 
the experiment. Plant height, 
basal a rea and number of 
tillers (live and dead) were 
recorded at the beginning of 
the experiment.

In November 1993, 300 
third instar larvae of Phyl-
lophaga were collected at 
the same site. Larvae were 
selected on the basis of their 
appearance and size. The in-
dividuals with necrotic spots 
or low mobil ity were dis-
carded. Larvae were main-
tained for one week in pots 
with native soil to guarantee 
that they had not been dam-
aged. The last insta r la r-
vae of this species as well 
as other macroa r th ropod 
root feeding species were 
kept alive to obtain adults 
for precise ident if icat ion. 
Another species of Phyl-
lophaga  was found in the 
soils of the study site, but 
their larval characteristics 
were clearly different from 
the studied species (Morón-
Ríos et al., 1997).

The exper iment had a 
completely random design 
with a simple treatment ar-
rangement. Belowground her-
bivory t reatments were 1) 
control without larvae (C), 

2) low larval density with 10 
individuals per pot (D1), and 
3) high larval density with 
20 individuals per pot (D2).

Plants under field condi-
tions can experience densities 
ranging from 0 to 25 larvae/
plant because root feeders 
have a h ighly aggregated 
distribution pattern (Morón-
Ríos et al., 1997). Mean ini-
tial weight of the 30 groups 
of larvae (ten larvae/group) 
was 1.42 ±0.006g.

The exper imenta l units 
(pot with a single plant) 
were randomly assigned to 
t reatments with ten repl i-
cates each. The experiment 
was carried out at the Forest 
Station within a fenced area 
from Nov 1993 to Jan 1994. 
Above-ground insect herbi-
vores were generally absent 
in the experimental plot dur-
ing the study period. Also, 
the adult phase of other root-
feeding insects ended one 
or two months before the 
experiment was set.

A pilot trial showed that 
pots placed on the soil sur-
face had higher larval mor-
tality than pots located in 
excavated pits (Ramírez-Co-
rona, 1995). Thus, the ex-
perimental pots were placed 
in soil pits of 19cm diameter 
and 10cm depth to provide 
larvae with microclimatic 
conditions similar to their 
natural environment. Plants 
were watered weekly. At 
harvest, dead and live tillers 
were counted. Roots were 
detached from the crown and 
were carefully washed to re-

EFEITOS DA DENSIDADE DE LARVAS DE PHYLLOPHAGA (PHYTALLUS) HOEGEI (COLEOPTERA: 
MELOLONTIDAE) NO CRESCIMENTO DE PLANTAS E HERBÍVOROS
Fabiola Ramírez-Corona e Alejandro Morón-Ríos

RESUMO

A herbivoria subterrânea tem recebido pouca atenção. A res-
posta das plantas à herbivoria subterrânea é variável e media-
da parcialmente pela identidade e densidade do rizófago. Neste 
estudo se avaliaram: 1) os efeitos da herbivoria subterrânea de 
duas densidades de Phyllophaga (Phytalus) hoegei na biomassa 
da planta e o conteúdo de nitrogênio de caules e raízes do pas-
to nativo dominante Muhlenbergia quadridentata e; 2) os efei-
tos dessas duas densidades de larvas na sobrevivência e cresci-
mento desta espécie. O experimento se realizou em uma área de 
bosque de pinheiros a 3.200 msnm. As plantas se estabeleceram 

em vasos no campo e estiveram sujeitas a herbivoria subterrâ-
nea (três níveis) em um desenho completamente aleatório com 
dez repetições por tratamento. Altas densidades do rizófago di-
minuíram significativamente a biomassa de raízes e a proporção 
raiz/caule, mas não variou a concentração de nitrogênio nos te-
cidos das plantas. A sobrevivência das larvas de Phyllophaga 
hoegei não foi afetada pela densidade com a qual cresceram, 
mas em altas densidades, a larva rizófaga diminuiu sua taxa de 
crescimento relativa e o ganho de peso.



699OCT 2007, VOL. 32 Nº 10

move soil. Care was taken to 
recover fine roots. All plant 
material was dried at 70ºC 
until their weight stabilized. 
Larvae were counted and 
carefully rinsed to eliminate 
adhered soil on their body. 
They were dried with paper 
towels, weighed fresh and 
fixed with Pampel solution. 
Total nitrogen concentration 
of roots and live tillers was 
determined with a micro-
Kjeldahl procedure (Brad-
street, 1965).

Statistical analyses

Data analysis was per-
formed with a one way 
ANOVA. Variables were log 
transformed to satisfy ho-
mogeneity of variances and 
normality criteria. The Tukey 
test was applied when the 
ANOVA showed significant 
(P<0.05) treatment effects. 
An ANCOVA was done to 
estimate the potential effect 
of initial plant height on root 
production; the covariates 
were initial plant height and 
initial shoot number.

The biomass increase of 
root feeders was calculated 
as the mean difference be-
tween the final and the ini-
t ial weights, and with the 
relative larval growth rate 
(RLGR; Ridsdill Smith and 
Roberts, 1976). These data 
were evaluated with the “U” 
Mann-Whitney test. Statisti-
cal tests were done using 
SPSS (v.3). All data are pre-
sented in their original scale 
of measurement.

Results and Discussion

Effects on the plant

The in it ia l plant height 
and the initial shoot number 
did not affect root produc-
tion (ANCOVA F1.23= 0.608, 
P>0.05 for height data; and 
F1.23= 1.23, P>0.05 for total 
shoot number). Root biomass 
signif icantly decreased in 
larval treatments (ANOVA 
F2.25= 4.52, P<0.02; Table 
I). Root biomass decreased 
46% in high larval density 
and 26% in low larval den-
sity under conditions of this 

experiment. These results are 
similar to those of David-
son et al. (1970) for Lolium 
perenne using third instar 
larvae of Sericesthis gemi-
nata at high densities, which 
damaged more than 80% of 
grass roots. Ueckert (1979) 
reported a belowground bio-
mass reduction of 43% in pe-
rennial grasses with densities 
of 46.3 larvae of Phyllopha-
ga crinita per m2. However, 
low larval densities can also 
cause a major reduction in 
root production, as Ridsdill 
Smith (1977) showed for Lo-
lium perenne.

The damage produced on 
plants by root-feeding in-
sects could be severe when 
environmenta l condit ions 
are more favorable for the 
attacked plants (Davidson, 
1969; Davidson and Rob-
er ts, 1969) . In our study, 
the plants were exposed to 
harsh environmental con-
ditions, because they grew 
during the winter season on 
the forest floor at an altitude 
of 3300masl. Also, the be-

lowground herbivory damage 
to plants could be overesti-
mated, because the studies of 
Davidson (1969) and David-
son and Roberts (1969) were 
done with non native species 
(Radcliffe, 1971a, b; Brown 
and Gange, 1990).

The aboveground plant 
components, total shoot bio-
mass, l ive shoot biomass, 
l ive shoot number, dead 
shoot number and total shoot 
number were not significantly 
affected by the applied treat-
ments (Table I) under condi-
tions of this experiment.

High density of root feed-
ers significantly reduced the 
root /shoot rat io (ANOVA 
F(2.25)= 5.80, P<0.025), sug-
gesting that the plants did 
not markedly change their 
carbon distribution pattern; 
the plants maintained their 
aboveground biomass even 
with a 46% reduction in be-
lowground biomass. Detling 
et al . (1980) showed Bou-
teloua gracilis distr ibuted 
photosyntetically fixed C14 

toward the roots, promoting 

fast adventitious root growth 
three weeks after the simula-
tion of root herbivory. The 
decrease of root/shoot ratio 
may have adverse effects in 
different plant t ra its on a 
long term basis; one of them 
could be a poorer competi-
tion capacity compared to 
other grass or herb species. 
Decreased root biomass and 
shoot number by insect lar-
vae consumption can change 
competitive interactions in 
many species (Dawson et 
al., 2004; Richmond et al., 
2004). In the study site, the 
role of the belowground her-
bivory on the competitive in-
teractions between the stud-
ied species and other grasses 
or herbs is an important and 
unattended research theme.

Nitrogen content

Nitrogen content of l ive 
shoots and roots was not 
significantly affected by the 
densit ies of belowground 
herbivores (Table II). This 
suggests that despite root 

TABLE II
NITROGEN CONTENT IN ABOVE- AND BELOW-GROUND PORTIONS 

OF MUHLENBERGIA qUADRIDENTATA

 Nº larvae / pot

 C
 Control

 D1
 10

 D2
20

Root nitrogen content (mg) 23.7 (6.6) 21.2 (19.4) 14.5 (10.2)
Live tillers nitrogen content (mg) 29.07 (12.08) 27.4 (12.1) 24.5 (8.2)

Data are means ±SD. N= 10 in C. N= 9 in D1 and D2.

TABLE I
EFFECTS OF THIRD INSTAR PHyLLOPHAGA (PHyTALLUS) HOEGEI LARVAE 

ON THE PERFORMANCE OF MUHLENBERGIA qUADRIDENTATA

Nº of larvae / pot

C
Control

 D1
10

D2
20

Root biomass (g) 3.09 (0.89) a 2.30 (1.24) a 1.66 (0.96) b
Live tillers biomass (g) 2.98 (1.20) 2.71 (1.32) 2.52 (1.01)
Live tillers number 118 (38) 102 (58) 92 (21)
Dead tillers number 159 (51) 161 (84) 140 (30)
Total tillers number 278 (84) 264 (141) 233 (46)
Initial height (cm) 38.5 (4.1) 39.5 (5.8) 39.5 (3.9)
Final height (cm) 42.9 (4.0) 43.5 (5.7) 45.6 (3.9)
Root/shoot ratio 0.34 (0.12) a 0.26 (0.13) a 0.18 (0.08) b
Aboveground biomass (tillers + crowns; g) 9.46 (3.10) 8.96 (4.27) 8.82 (3.64) 
Total biomass (tillers + crowns + root; g) 12.56 (3.64) 11.26 (4.94) 10.49 (4.37)

Data are means ±SD. N= 10 in C. N= 9 in D1 and D2. Means with different letters show significant differences 
(P<0.02). 
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loss, the plants kept absorb-
ing nitrogen and distributing 
it toward the aboveground 
plant structures, as happens 
with the plants without her-
bivory. A lower demand of 
n it rogen in the plant  be-
cause of a scarce production 
of shoots and roots in the 
winter could a lso expla in 
the maintenance of nitrogen 
content in the plants even 
af ter root loss. The plant 
nitrogen allocation changes 
generated by root feeders 
vary according to the plant 
species studied, the inten-
sity of herbivory and the 
type of damage produced 
for the root feeder (i.e. fluid 
removal by aphids vs. t is-
sue removal by white grubs; 
Preus and Mor row, 1999; 
Dawson et al., 2004).

Effects on the herbivores

Larval survival was not 
affected by the two insect 
densities used in this study 
(Table III) . Larvae grown 
at D1 showed a weight gain 
and presented a major rel-
at ive growing rate (RGR) 
compared to larvae growing 
at D2. There were probably 
differences in their assimi-
lation rates. Larvae did not 
experience changes in food 
qua l ity as measured here 
because thei r feeding ac-
tivity did not significantly 
alter nitrogen content (Table 
I I ) . The survival of th i rd 
instar larvae of Sericesthis 
nigrolineata growing on Lo-
lium perenne roots was not 
affected by different larval 
densities. A smaller growth 
rate at high densit ies was 
attr ibuted to a shortage of 

roots of suff icient quality 
(Ridsdi l l Smith and Rob-
erts, 1976). Other root feed-
ing species growing at high 
densities compete for food 
and sign i f icant ly reduce 
their survival and growth 
rate (Règniére et al., 1981; 
Brown and Gange,  1990 ; 
Blossey et al., 2000). It has 
also been reported that lar-
vae feeding at low nitrogen 
content conditions did not 
grow, but maintained body 
mass (Mat tson,  1980) .  A 
possible consequence of the 
low weight of la rvae un-
der treatment D2 could be a 
longer time to reach the pu-
pal stage and even smaller 
adults. However, since third-
instar larvae can live for up 
to 14 months, a longer ex-
periment would be required 
to evaluate this possibility.

The feeding activity of root 
herbivores play an important 
role not only for the direct 
effects on the plant, but also 
on amounts of carbon input 
to soil, potentially affecting 
microbial populations and 
nutrient availability (Grayston 
et al., 2001; Treonis et al., 
2005).Our results show that 
Muhlenbergia quadridenta-
ta can tolerate a removal of 
~30% of the root mass but 
that a major decrease signifi-
cantly affects root biomass. 
The root herbivory did not 
change the nitrogen content 
and the aboveground biomass 
of the plant, suggesting that 
the plant can tolerate the re-
corded levels of root loss. 
These findings suggest that 
the root herbivory is not al-
ways as detrimental as may 
be infer red from previous 
studies.
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