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Top-down, bottom-up, and horizontal mortality variation
in a generalist seed beetle

Variacion en mortalidad “top-down”, “bottom-up” y horizontal en un escarabajo
generalista comedor de semillas

ANGELA R. AMARILLO-SUAREZ!

Abstract: The study of the interacting factors that constrain resource use in organisms and promote diversity is an
important task, especially in a mega diverse area, in which the increasing transformation of ecosystems modifies the
interactions among organisms. Among the hypotheses that explain resource use and diversity of insects are the Top-
down and the Bottom-up hypotheses, in which experimental studies have shown trade-offs between these factors. The
influence of parasitism, host plant and competition was evaluated to determine their effect on mortality of the seed
beetle Stator limbatus from populations adapted to different host plants. Mortality of eggs caused by parasitism, and
mortality of larvae caused by competition was recorded for seven populations that use a single host seed, and for one
population that uses two hosts. Populations that use Acacia greggii experienced the lowest mortality, and populations
that use Parkinsonia florida suffered the highest mortality, demonstrating no evidence of trade-offs between bottom-up
and top-down factors. Interactions between host and larval density, and between host and number of eggs on seeds,
showed variation between hosts in the mortality of beetles caused by competition and by parasitism, respectively. In
addition, there was no evidence of egg size affecting parasitism of eggs. These results show the need of including in the
traditional bottom-up and top-down explanations, the study of factors that could be mediating their outcome such as the
one examined here (competition). This need is more urgent now that we are exposing ecosystems to accelerated changes
in structure, functioning, and composition.
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Resumen: El estudio de los factores interrelacionados que restringen el uso de recursos en los organismos y que pro-
mueven la diversidad, es una tarea importante, especialmente en una region megadiversa, en donde el incremento en la
transformacion de los ecosistemas modifica las interacciones entre los organismos. “top-down” y “bottom-up,” estan
entre las hipotesis que explican el uso de los recursos y la diversidad de insectos y sus estudios experimentales han
mostrado compromisos (“trade-offs”) entre estos factores. Se evalu6 la influencia del parasitismo, la planta hospedera
y la competencia sobre la mortalidad del escarabajo comedor de semillas Stator limbatus en poblaciones adaptadas
a diferentes hospederos. Se registr6 la mortalidad de huevos debida a parasitismo y la mortalidad de larvas debida a
competencia en siete poblaciones que emplean solo un hospedero semilla y en una que emplea dos hospederos. Las
poblaciones que emplean Acacia greggii presentaron la mortalidad mas baja y las poblaciones que emplean Parkinsonia
florida experimentaron la mortalidad mas alta, sin evidencia de “trade-offs” entre factores “bottom-up” y “top-down”.
Interacciones entre hospedero y densidad de larvas y entre hospedero y ntimero de huevos en las semillas mostraron
variacion entre los hospederos en la mortalidad de los escarabajos debido a la competencia y al parasitismo, respectiva-
mente. No hubo evidencia de que el tamafio de los huevos afectara su parasitismo. Estos resultados muestran la necesi-
dad de incluir en las tradicionales explicaciones “bottom-up” y “top-down” el estudio de factores que podrian influir en
su resultado como lo examinado aca (competencia). Esta necesidad es mas urgente ahora que estamos exponiendo los
ecosistemas a cambios acelerados en estructura, funcionamiento y composicion.
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Introduction

The understanding of the interacting factors that constrain
resource use in organisms is an important task, especially
in a mega diverse country (Mainka 2002), but with a rapid
transformation of ecosystems (Etter ef al. 2008) that also
modifies the interactions between and among organisms and
their environment. Thus, when studying the ways in which
organisms adapt to their host plants, it is necessary to exa-
mine the factors that restrict or favor host use. In herbivorous
insects, such factors incorporate the biology and behavior of
insects, and environmental factors such as host availability,
spatial distribution and nutritional value of the host, and the
diversity and abundance of natural enemies and competitors,
among others (Bernays and Chapman 1994; Fox et al. 1996;
Camara 1997).

In general, there are two hypotheses that explain the
diversity, abundance and diet breadth of herbivores. The

Top-down hypothesis proposes that natural enemies such as
predators and parasitoids are the main forces controlling di-
versity and abundance of insect populations (Hairston et al.
1960). Meanwhile, the Bottom-up hypothesis proposes that
the main factor that control insects on plants is the character-
istics of hosts such as nutritional value, temporal and spatial
availability, and type of secondary compounds, among others
(Root 1973; Schowalter 2006). With the exception of stud-
ies performed in some pest insects, few studies have been
conducted to determine the simultaneous effects of natural
enemies and host quality in the structure of communities
around a biological resource (Aquilino et al. 2005 and refer-
ences there in), in natural conditions, and comparing habitats
or sites (Gripenberg and Roslin 2007).

Adaptive responses of organisms are a consequence of
the synergic, and sometimes, the antagonistic interaction
between the factors that influence resource use. Sometimes,
these interactions result in trade-offs between top-down and
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bottom-up factors, and in the evolution of life histories. For
example, some populations of insects use hosts that while
suboptimal for progeny development, offer enemy free space,
reducing the risk of predation and parasitism (Mira and Ber-
nays 2002).

On the other hand, a number of studies have demonstra-
ted the negative effects of competition in fitness and fitness
related traits of organisms. For example, when competition
increases, body size and in consequence, fecundity decreases
(Bai and Mackauer 1992; Hardy et al. 1992; Fox et al. 1996;
Ode et al. 1996; Mackauer and Chau 2001). Thus, it is ex-
pected that females exposed to competition during oviposition
minimize negative effects by, for example, distributing eggs
uniformly among the available hosts (Messina and Mitchel
1989), reducing oviposition rate, and choosing to oviposit
on hosts with a lower number of competitors (Messina and
Renwick 1985). Stilwell et al. (2007) found that host plants
are the main factor that explains adult body size variation
of Stator limbatus (Horn, 1873) along its distribution range.
Studies done with this beetle also found that females modify
egg size in response to seed quality, increasing survivorship
of progeny (Fox et al. 2001).

Little is known about the influence of other selection fac-
tors that like host availability, parasitism, and competition
influence host use in herbivorous insects in natural condi-
tions. Given that competition, natural enemies, and host plant
simultaneously affect resource use, in this study I evaluated
and compared the effects of host plant, density of eggs and
density of larvae on the mortality caused by parasitism and
by competition on S. limbatus. I compared populations of S.
limbatus that use one out of four host plants, and that belong
to the extremes of the distribution range of the species. This
beetle constitutes a very good model to understand the eco-
logical mechanisms that constrain host plant use, the coloni-
zation of new hosts and in a broader sense, the factors that
facilitate diet expansion in organisms that alike S. limbatus,
have broad distribution and are generalists, but restricted lo-
cally to a few host plants.

Materials and Methods

Study organism. S. limbatus (Coleoptera: Chrysomelidae) is
a seed feeding beetle with a broad distribution in the Ameri-
cas (Johnson and Kingsolver 1976). Populations are distrib-
uted from the Southwestern in the United States to the North-
western Argentina (Johnson ef al. 1989). Besides being con-
sidered a generalist species because it feeds on more than 70
legume species (Morse and Farrel 2005), populations use just
a few available hosts in each area with indication of minor
local adaptation in some populations (Amarillo-Suarez and
Fox 2006). Females oviposit directly on the seed coat, and
development of larvae and pupae occurs completely inside
the seed host. Thus, factors such as the host selected by moth-
ers to oviposit, natural enemies, competition, and host quality
and size are easier to identify than in organisms that develop
and move among hosts.

Host plants. Acacia greggii (Gray, 1852) (Fabaceae), com-
monly known as cat claw, is a shrub distributed along the
most part of the southwest of the United States and northern
Mexico (Sargent 1965). It grows in gravelly and sandy areas
at the side of roads, canyons and streams. Seed pods contain
between one and five brown, round, and laterally compressed

seeds. Seed mass varies between 600 and 300 mg. S. limbatus
colonizes seeds through holes in the pods made by other in-
sects, by partial dehiscence of the legume, or by cracks in the
seed pod.

Acacia berlandieri Benth, 1842 (Fabaceae), commonly
known as guajillo, is a small to medium size shrub distributed
from Mexico to the southwest of the United States in Texas
(Hatch and Pluhar 1993). It grows in roadsides and sandy
areas. Seed pods contain around five large, brown, and round
to square seeds that are about 40% larger than 4. greggii seeds.
S. limbatus colonizes seeds through holes in the pods made by
other insects or created by cracks in the seed pod.

Parkinsonia florida (Benth. ex A. Gray, 1876) (Fa-
baceae), commonly known as blue paloverde, is a native
tree distributed in California, Arizona and Nevada of the
United States and in the Sonora desert region from Mexico
and USA. It contains between one and five large, laterally
compressed and oval seeds of similar size than 4. greggii
seeds. These seeds have a toxic seed coat that causes large
mortality of S. /imbatus larvae when borrowing (Siemens
et al. 1992; Siemens et al. 1994). Beetles colonize seeds
through holes in the pods made by other insects or created
by cracks in the seed pod.

Pseudosamanea guachapele (Kunth, 1930) (Fabaceace) is
a medium to large tree that usually grows in pastures and dry
areas from Central America to Northern South America (Bar-
tholomaiis et al. 1990). The dehiscent seed pods contain be-
tween 10 and 25 white, oval and laterally compressed seeds.
Seed mass vary between 18 and 46 mg. Because seed pods
are dehiscent, S. /imbatus colonizes seeds directly when they
are exposed, and still on the tree.

Collection of seeds in the field. Seeds during two field trips
were collected. The first field trip occurred between De-
cember of 2002 and January of 2003 to the Municipios of
Anapoima (Cundinamarca), and Melgar (Tolima) in Colom-
bia, and the second one was between July and august 2003 to
the Counties of Verde, Wenden, Roosevelt, Phoenix (Arizo-
na), and Del Rio (Texas) in The United States of America. 10-
20 plants from each locality were inspected, their seeds were
collected and deposited in 1000 cc hermetic plastic bags, and
labeled to be transported to laboratory. Seeds were collected
from a total of four host plants: P. florida, A. greggii, A. ber-
landieri and P. guachapele. Table 1 shows the locations and
host plant of each population.

Data recording and analysis. Once in the lab, seed pods
were split open and seeds containing eggs were placed in a
chamber at 28°C, 80% humidity. Seeds were inspected daily
and emerging organisms were collected and stored in vials
with alcohol. Inspection of seeds was done until no individu-
als were obtained for seven continuous days in order to make
sure no organisms emerged later.

Once all individuals emerged from the seeds, a random
sample of 200 seeds from each host/locality was taken, and
the following data were recorded for each individual seed:
number of eggs laid on the seed, number of eggs hatched,
number of eggs parasitized and number of exit holes. The
difference between hatched and non hatched eggs is easily
determined because hatched eggs are evenly cream colored;
meanwhile non hatched eggs are transparent. Parasitized eggs
are silver color and have a conspicuous exit hole on the top
(Figs. 1A-F).
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Table 1. Localities and host plants of collection of Stator limbatus.

Country Population

Host

Colombia Anapoima, Cundinamarca
Melgar, Tolima
United States of America Verde, Arizona

Wenden, Arizona

Phoenix: “Apache Trail-State route 88”, Arizona

Roosevelt, Arizona
Del Rio, Texas

Pseudosamanea guachapele
Pseudosamanea guachapele

Acacia greggii

Acacia greggii

Acacia greggii and Parkinsonia florida
Parkinsonia florida

Acacia berlandieri

Mortality caused by competition of larvae was scored for
each seed as the number of exit holes out of the total number
of hatched eggs on the seed. Mortality caused by parasitism
was scored for each seed as the number of parasitized eggs
out of the number of laid eggs on the seed. Data matrix for
the analyses was expanded to accounts for mortality on each
individual egg. Logistic regression analyses were performed
to determine the effects of host plant, population origin, den-
sity of eggs, and egg size in mortality of eggs by parasitism.
In the case of mortality of larvae by competition [ used for the
analysis the number of hatched eggs per seed instead of den-
sity of eggs, because the former takes in account the effective
number of larvae under competition inside each seed.

Survivorship to parasitism was scored for each single egg
as “1” if given the laid egg, it hatched. It was scored as “0”
if the egg presented a silver color and an exit hole in the cho-
rion. Survivorship to competition was scored as “1” if given
the hatched egg, there was a corresponding emergence hole
in the seed. It was scored as “0” if given the hatched egg,
there was not an emergence hole. For example, a seed with
five eggs, could have three emergence holes, one parasitized
egg and four hatched eggs. In this case, survivorship due to
parasitism was scored 0 for egg number 1, and 1 for eggs
2-5, under the treatment density = 5 (number of eggs laid on
the seed). Survivorship to competition was scored 0 for egg
number 2, and 1 for eggs 3-5 under the treatment density = 4
(number of hatched eggs).

Logistic regression analyses were performed to test for
the effects of density and host plant in mortality caused by
parasitism and by competition. Analyses were performed
with SAS (SAS institute, ver. 8.2). Graphs were done using
mean proportional mortality.

Results

In general, there was higher mortality caused by competi-
tion (Total mean mortality of larvae = 0.27+0,99) than to by
parasitism (Total mean mortality of eggs = 0.018+0.003 P <
0.05).

Table 2 shows the parasitoids that emerged from each
host. Since parasitoids from Verde and Wenden populations
were lost during their storing, this table shows parasitoids
from another 4. greggii population (Oracle, Arizona) that
was not considered in this study. In the case of USA popula-
tions, all parasitoids may not be parasitoids of S. limbatus.
Seeds of A. greggii are hosts of other species of seed feeders
such as Stator pruininus (Horn, 1873), and Merobruchus ju-
lianus (Horn, 1894), though less abundant than S. limbatus
(Siemens et al. 1991); and seeds of P. florida are hosts of
Mimosestes spp. (Hetz and Johnson 1988). In the case of the
Colombia populations, only S. limbatus were found emerging
from seeds of P. guachapele.

Host plant effects in mortality due to parasitism and to
competition. Irrespective of the density of eggs on the seeds,
parasitism was significantly higher on P. florida followed by
A. greggii, A. berlandieri, and P. guachapele (Fig. 2A, Ta-
ble 3). Mortality caused by competition was higher in seeds
of A. greggii, followed by P. florida, A. berlandieri, and P.
guachapele (Fig. 2B, Table 3) irrespective of the rearing den-
sity of larvae. In addition, there was a certain amount of eggs
that did not hatch due to unknown reasons, but associated
to the embryo death, or to the first instar larvae death before
burrowing into the seeds, the last being the case of larvae in
P, florida.

Figure 1. [llustration of variables recorded for data analysis. A. Density of eggs by seed. B. Exit holes as an indica-
tion of survivorship and emergence of adults. C. Non developed egg. D. Hatched egg, an indication of survivorship of
larvae burrowing into the seed. E. Parasitized egg. F. Death of larvae when penetrating the seed. Bars indicate 1mm.



272 Revista Colombiana de Entomologia

Angela R. Amarillo-Suérez

Table 2. Parasitoids collected on different host species.

Host species Population

Parasitoid species

Acacia greggii Oracle

Eurytomidae
Chryseida sp. 1
Chryseida sp. 1

Braconidae

Stenocorse sp. 1
Stenocorse sp. 2
Urosigalphus sp. 1
Bracon sp. 1
Bracon sp. 2

Eulophidae

Horismenus sp. 1

Acacia berlandieri Del Rio

Eupelmidae

Eupelmus sp. 1

Eupelmus sp. 2

Reikosiella (Reikosiella) sp. 1
Braconidae

Stenocorse sp. 2
Eulophidae

Horismenus sp. 1

Pseudosamanea guachapele Anapoima

Eulophidae
Horismenus sp. 1
Eupelmidae
Eupelmus sp. 3
Braconidae
Stenocorse sp. 1
Eurytomidae
Chryseida sp. 1
Chryseida sp. 2

Melgar

Eurytomidae
Chryseida sp. 1
Chryseida sp. 2

Eulophidae
Horismenus sp. 1

Braconidae

Stenocorse sp. 1

Parkinsonia florida Roosevelt

Braconidae
Stenocorse sp. 2

Urosigalphus sp. 1

Density effects in mortality due to parasitism and to lar-
val competition. There was a significant effect of density of
eggs in parasitism of eggs. However, the pattern of response
was different among hosts (Table 3). While in P. florida para-
sitism increased about 40% on seeds with higher density of
eggs, in the remaining hosts mortality did not increase higher
than 85%, and there was not a gradual increase in parasitism
(Fig. 3).

Mortality of larvae also increased with larval competi-
tion (Table 3). However, the pattern of mortality with density

was different among hosts (Table 3). Mortality in P. florida
increased sharply up to 90% in seeds with higher density of
eggs. In the other three hosts there was a smoother increase
in mortality, but it did not past over an 80% in P. guachapele,
over a 40% in A. berlandieri, and over a 30% in A. greggii
(Fig. 4).

Discussion

Despite the numerous studies showing the effects of com-
petition, parasitism and host plant in life history traits of
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Table 3. Host plant and density effects in mortality caused by parasitism of eggs and competition of larvae in

S. limbatus.

Source of mortality df X? P

Parasitism
- Population (host) (H) 7 80.8 <0.0001
- Egg density (ED) 23 53.5 0.0003
-HxED 45 48.4 0.33

Competition
- Population (host) (H) 7 342 <0.0001
- Larval density (LD) 20 123.6 <0.0001
-HxLD 39 135.5 <0.0001

herbivores (Lewinsohn et al. 2005; Ode 2006), just a few
of them have considered bottom-up, and top-down mortal-
ity factors simultaneously (Aquilino ef al. 2005), and even
fewer, have considered the analysis of these factors together
with intraspecific competition and in field conditions (Mira
and Bernays 2002). Overall it was found that competition and
host plant had a greater impact than parasitism in survivor-
ship of larvae.

Uscana semifumipennis Girault, 1911, the single egg
parasitoid that has being reported to attack S. /imbatus in P.
florida (Siemens and Johnson 1992), was not found in this
study. Hetz and Johnson (1988) report Stenocorse bruchivora
(Crawford, 1909), and Urosigalphus neobruchi Gibson, 1972
as parasitoids of larvae of S. limbatus feeding on P. florida.
In this study we recorded two species of these genera emerg-
ing from P. florida, but the specimens were not determined
to species level. Heterospilus bruchi Viereck, 1910, Urosi-
galphus bruchi Crawford, 1907, U. neobruchi, Lariophagus
texanus Howard, 1898, Zatropis incertus (Ashmead, 1864)
are recorded in the same paper as parasitoids of larvae of
bruchids on A. greggii, but there is not specific reference
to these Hymenoptera attacking S. limbatus. However, in
this study we recorded Urosigalphus sp. 1, emerging from
A. greggii. Other parasitoids of larvae are reported, but they
belong to parasitoids on hosts and localities other than the
localities studied here.

A P. guachapele
6%

A. berlandieri
11%

A. greggii
13%

P. florida
70%

Mortality caused by egg parasitism was higher in P. flori-
da, and its effect increased with density of eggs. An expla-
nation for this pattern remains unclear. Because S. limbatus
females lay larger eggs in this host, it could be considered
that egg size could play an important role in parasitism of
eggs. In fact, a preliminary examination of the relationship
between egg size and parasitism in a population in which P.
florida and A. greggii are sympatric, with many cases of trees
overlapping branches, shows that there is higher parasitism
of eggs laid on P. florida than on eggs of 4. greggii (Fig. 5).
This is a host in which females lay larger eggs due to the
toxicity of the seed coat that causes mortality up to a 40% in
some populations (Siemens and Johnson 1990; Fox 2000).
As a consequence, there is high mortality of larvae when en-
tering the seed, with larger eggs having a higher probability
of survivorship during the hatching process. However, and
contrary to what some experiments done in laboratory condi-
tions show (Deas and Hunter 2008), a preliminary examina-
tion of the effect of egg size in parasitism within hosts shows
that there are not significant differences in egg size between
parasitized and unparasitized eggs collected in the field (Fig.
6. Table 4). This surprising result could imply that there are
factors other than egg size involved in the higher risk of mor-
tality by parasitism in P. florida. One hypothesis to test would
be that this species of plant attracts more natural enemies than
the other hosts.

B P. guachapele
12%

A. berlandieri
21%

P. florida
23%

A. greggii
44%

Figure 2. Mortality factors affecting S. limbatus beetles on different hosts. A. Mortality caused by parasitism of eggs. B. Mortality caused by com-

petition among larvae.
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Figure 3. Mortality of Stator limbatus beetles caused by parasitism of
eggs on different host plants and at different egg densities.

In addition to being the host in which parasitism increased
broadly with density of eggs, P. florida was also the host
where beetles had higher mortality caused by competition.
These results contrast with literature reports regarding trade-
offs between bottom-up and top-down sources of mortality
in herbivorous insects, in which ovipositing in a low quality
host or in a less preferred host would provide, for example,
enemy free space (Feder 1995; Mira and Bernays 2002), be-
ing this, one of the underlying reasons for specialization in
resource use, and colonization of new hosts (Futuyma and
Moreno 1988; Jaenike 1990).

In addition to the differences in mortality mentioned be-
fore, there was variation in the response to each source of
mortality between hosts. Thus, parasitism and competition
differed in the magnitude of their impact in each popula-
tion adapted to different hosts, perhaps as a result of local
adaptation to their hosts, which has been proved as one of
the main factors determining life history differences among
populations (Van Zandt and Mopper 1998; Amarillo-Suarez
and Fox 2006; Stillwell et al. 2007). Thus, P. florida is the
host in which there is larger mortality risk by bottom-up and
top-down factors, and 4. greggii is the host in which beetles
experienced the lowest mortality. Seed quality may also play
an important role in the variation observed. Previous studies
show that beetles from the same populations examined here
experienced longer development time and higher mortality
due to competition in P. guachapele, though the response
from each population was not symmetrical (Amarillo-Suarez
et al., submitted).

Trade-offs are one of the main factors proposed as the
cause of specialization and local adaptation in host use (Fu-
tuyma and Moreno 1988; Jaenike 1990; Mira and Bernays
2002). Thus it would be expected that adaptation to hosts
plants would result in an antagonistic balance between mor-

Table 4. Effect of egg size in parasitism of eggs per host in S. limbatus.

Host df X2 P
Acacia berlandieri 1 1.6 0.2
Acacia greggii 1 1.2 0.3
Parkinsonia florida 1 0.005 0.9
Pseudosamanea guachapele 1 0.3 0.6
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Figure 4. Mortality of Stator limbatus beetles caused by competition
among larvae on different host plants and at different egg densities.

tality by top-down and bottom-up factors. In the present
study, there was no evidence of trade-offs between top-down
and bottom-up mortality factors in the field in populations
of S. limbatus using different host plants. The results show
a host in which total mortality by these factors is reduced,
and another in which mortality is the highest. One of the ex-
planations to this unusual result may be in the examination
of additional factors, and in natural conditions. One of them
analyzed here is competition. Recent papers show that com-
petition, predation risk, intraspecific variation, and spatial
variation, among others could be affecting the outcome of
mortality by natural enemies and by host plant characteristics
(Heisswolf et al. 2006). These results post the need of in-
cluding in the traditional bottom-up top-down paradigm, the
study of factors that could be mediating their outcome. Some
of them to explore are intraspecific and interspecific compe-
tition, the spatial distribution of resources and its temporal
availability, a necessity more urgent now when we humans
are exposing ecosystems to accelerated changes in structure,
functioning, and composition.
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