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ABSTRACT. Fragmentation of natural vegetation often implies a reduction in local species richness and abundance. The resources used by bees and wasps 
for feeding and nesting are distributed quite irregularly in fragmented environments, which influences their foraging behavior, occurrence patterns and 
reproductive success. The objective of the present work was to determine if the size of native vegetation remnants influences the reproductive success of 
the solitary wasp species Trypoxylon (Trypargilum) lactitarse Saussure, 1867. Trap-nests were established along the edges of forest fragments of different 
sizes located in municipalities in the central region of the state of Goiás, Brazil. The nests were used to quantify nesting rate, number of cells with larvae, 
survival of larvae, proportion of nests attacked by parasitoids, and size of hatched adults. The foundation rate of trap-nests was greater in large fragments, 
whereas the mean number of cells per nest, parasitoidism rate, larval survival and sex ratios, and size of hatched adults did not differ between large and 
small fragments. Therefore, it appears that fragment size influences the survival or permanence of adults more so than it does that of the larvae in the 
studied fragments. There are two possible explanations for the difference in the foundation rate: 1) each female founds, in average, the same number of 
nests in small and large fragments, but the number of females is lower in the smaller fragments; 2) females have the capacity to provision several nests, 
but in the larger areas each female founds more nests than in smaller areas. However, it is necessary future studies to differentiate these two hypotheses.

KEYWORDS. Fragmentation, reproductive success, trap-nests.

RESUMO. Sucesso reprodutivo de Trypoxylon (Trypargilum) lactitarse (Hymenoptera: Crabronidae) em uma paisagem fragmentada. A fragmentação 
das vegetações nativas muitas vezes implica na redução da riqueza e abundância local de espécies. Nos ambientes fragmentados, os recursos para 
alimentação e nidificação de abelhas e vespas estão distribuídos de forma bastante irregular, influenciando no comportamento de forrageamento, padrão 
de ocorrência e no sucesso reprodutivo desses organismos. Dessa forma, o objetivo deste trabalho foi verificar se o tamanho das áreas de remanescentes 
de vegetação nativa interfere no sucesso reprodutivo de uma espécie de vespa solitária Trypoxylon (Trypargilum) lactitarse Saussure, 1867. Para tanto, 
estabelecemos ninhos armadilha nas bordas de fragmentos de mata de tamanhos diferentes localizados em munícipios da região central do estado de Goiás, 
Brasil. Estes ninhos foram utilizados como ferramenta de quantificação de taxa de nidificação, de número médio de células com larvas, sobrevivência 
destas larvas e tamanho dos adultos eclodidos. Neste trabalho, a taxa de fundação dos ninhos armadilhas foi maior nos fragmentos maiores. O número 
médio de células por ninhos, a taxa de sobrevivência das larvas, proporção de ninhos atacados por parasitoides, e o tamanho dos adultos eclodidos não 
diferiram entre as áreas grandes e pequenas. Existem duas explicações possíveis para a diferença na taxa de fundação: 1) cada fêmea funda, em média, o 
mesmo número de ninhos em fragmentos pequenos e grandes, mas o número de fêmeas é menor nos fragmentos menores; 2) as fêmeas têm a capacidade 
de prover vários ninhos, mas nas áreas maiores, cada fêmea funda mais ninhos do que em áreas menores. No entanto, são necessários estudos futuros 
para diferenciar essas duas hipóteses. É provável que o tamanho dos fragmentos possa estar influenciando mais na sobrevivência e na permanência dos 
adultos do que na das larvas. 

PALAVRAS-CHAVE. Fragmentação, sucesso reprodutivo, ninhos armadilha.

Insects are under increasing pressure from 
anthropogenic factors, such as loss of natural habitat, 
ecosystem fragmentation and agricultural intensification 
(Potts et al., 2006; Brittain et al., 2010). These pressures 
can reduce the availability of resources used by insects for 
feeding and nesting (Steffan-Dewenter & Tscharntke, 
1999) and, consequently, reduce their reproductive success 
(Wajnberg et al., 2012). As a consequence, anthropogenic 
factors, such as landscape fragmentation, are causing 

reductions in insect abundance and diversity (Didham et al., 
1996), and disrupting the ecological services they provide, 
such as pollination, which are important for the maintenance 
of plant diversity and the entire food chain of terrestrial 
ecosystems (Potts et al., 2006). 

Wasps have low effective population sizes and genetic 
diversity compared to other insects (Lasalle & Gauld, 
1993), which makes them more sensitive to environmental 
disturbances and prone to extinction, and thus bioindicators 
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of environmental change (Beyer et al., 1987; Tscharntke 
et al., 1998; Morato & Campos, 2000). The wasp family 
Crabronidae comprises approximately nine thousand species 
(Pulawski, 2014). Adults are commonly found in flowers 
and are potential pollinators (Bohart  Menke, 1976). These 
wasps are solitary and predatory, supplying their nests with 
different species of spiders and insects. They construct their 
nests in dry soil, in dry or rotten trunks, in sand or mud, in 
other wasp’s nests or in columns in houses (Lopes & Oliveira, 
2004). Others are cleptoparasites, and do not build their own 
nests, laying their eggs in nests build by other wasps. 

Studies have shown that the species richness and 
abundance of spiders are preserved in larger fragments and 
increase towards the interior (Gonçalves-Souza et al., 2007). 
Wasp and bee diversity is known to be greater in continuous 
forests and larger fragments (Morato & Campos, 2000), 
whereas their species composition differs between continuous 
areas and altered habitats. Some groups of wasps are more 
abundant in smaller fragments or open areas, while others are 
more abundant in continuous and better-preserved fragments 
(Morato & Campos, 2000). The abundance of Trypoxylon 
figulus, for example, was found to be greater at edges than 
within forests in Switzerland (Coudrain et al., 2013).

Wasps of the genus Trypoxylon Latreille, 
1796 (Hymenoptera: Cabronidae) are solitary, with nest 
construction and provisioning being done by females 
(Michener, 1974). Males and females of species of the 
subgenus Trypargilum are united (pairing) at the beginning 
of nest construction or soon after (Coville, 1982). The nests 
are constructed anew or made in pre-existing cavities. The 
walls of the nests are divided into rearing cells with clay, 
which are supplied with paralyzed spiders, mainly of the 
family Aranaeidae (Coville, 1982). Males defend the nest 
by chasing away predators and competing males, which 
also influences female reproductive success (Brockmann 
& Grafen, 1989). As for most species of Hymenoptera, 
the sex of progeny is determined by whether the eggs are 
fertilized or not, with males developing from unfertilized 
eggs and females from fertilized eggs (Peruquetti & Del 
Lama, 2003). In situations of low food availability or limited 
space for cell construction, females respond to selective 
pressures on sex ratio and produce more males, which are 
smaller and require fewer resources (O’neill, 2001; Morato 
& Martins, 2006). 

Wasps of the genus Trypoxylon are easy to study 
because they successfully nest in trap-nests, which allow 
large sampling of their nests (Camillo & Brescovit, 1999). 
Nest-trapping allows important information to be obtained 
on the diversity and abundance of species in pre-existing 
cavities, and on their biology, including building materials 
used, nest architecture, and resources provided to larvae 
(Garófalo, 2000). 

The present work investigated the reproductive 
success of Trypoxylon (Trypargilum) lactarse Saussure, 
1867, a common wasp along the edges of fragments of native 
vegetation. The main objective was to investigate whether 
the reproductive success of this wasp varied along the edges 

of fragments of different sizes. It was hypothesized that 
nesting rate, larval survival and hatched wasp size would 
decrease with fragment size since larger fragments have 
more extensive borders and thus should possess a greater 
amount of resources for the maintenance of adult wasps and 
for feeding larvae. 

MATERIAL AND METHODS

Studied species. The wasp Trypoxylon lactitarse 
(Fig. 1) occurs from southern Canada to southern Argentina 
(Coville, 1981). Females select nesting sites and mate with 
a male early in its construction (Garcia & Adis, 1995). 
Females construct the nest with a layer of clay and form six to 
eight cells with dividers (Buschini et al., 2006). Trypoxylon 
lactitarse reproduces during the rainy season (Camillo et 
al., 1993). Trap-nests were installed during this period along 
the edges of nine forest fragments in the municipalities of 
Goianápolis, Leopoldo de Bulhões, Anápolis and Hidrolândia 
in the state of Goiás (Fig. 2).

Trap-nests. Trap-nests were constructed using a 
1-cm diameter and 10-cm deep cardboard tube with inlet 
holes facing the same side. The nests were mounted on wood 
pieces with longitudinally drilled holes, with 54 trap-nests 
in each piece. Trap-nests had a roof to prevent them from 
becoming wet during the rains (Fig. 3). These nest blocks 
were installed at a height of 1.5 m from the ground using 
stakes with the base of the stakes being smeared with grease 
or burned oil to prevent ants from accessing the nests. The 
nests were established along the edges of forest fragments of 
two study areas: five small fragments and one large fragment 
in the municipalities of Goianápolis, Leopoldo de Bulhões,  
Bonfinópolis, and Anápolis and four small fragments and one 
large fragment in the municipality of Hidrolândia. Two blocks 
of 54 nests (total 108 nests) were installed in each fragment, 
however some nests were lost in some fragments due to 
external inteferences (e.g. cattle knocking the traps, Tab.I).

The trap-nests were installed and monitored during 
the rainy season of 2013–2014, with intense nesting activity 
being observed between December and March. Nests were 
monitored biweekly for verification of nest construction and 

Fig. 1. Specimen of Trypoxylon (Trypargilum) lactitarse Saussure, 1867 
(Hymenoptera: Crabronidae) captured in Goianápolis, state of Goiás, Brazil.
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Fig. 2. Study areas in the municipalities of Goianápolis, Leopoldo de Bulhões, Bonfinópolis, Anápolis, and Hidrolânida, state of Goiás, Brazil.

Fig. 3. Example of the trap-nest blocks installed in the study areas in the state of Goiás, Brazil. 
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their collection. The number of occupied nests was counted 
during the period that the trap-nests were exposed at the 
forest edge (Tab. I). The nests were collected and taken 
to the Laboratório de Biologia Reprodutiva de Plantas of 
UFG, to await the development of larvae until emergence 
of adults. After adult emergence, the total number of live 
adults and dead larvae were counted to obtain the survival 
rate for each nest, we also recorded the presence of attacks 
by parasitoids. All emergent adults were identified by sex 
and had their intertegular distance measured to if there was a 
difference in its size between males and females and between 
fragments of different sizes. Vouchers were deposited in 
the pollinator collections of the Laboratório de Biologia 
Reprodutiva de Plantas of Universidade Federal de Goiás, 
Goiânia GO, Brazil.

Data analysis. The data were statistically analyzed 
by logistic regression, which is a model that uses binary 
values to designate, for example, true or false, success or 
failure, interferes or does not interfere. Since some trap nests 
were lost in some areas due to external interferences, the 
foundation rate was calculated by dividing the number of 
founded nests by an index of total exposure, defined as the 
product of the number of nests installed in each fragment and 
the number of days that the nests were made available. The 
effect of fragment size was tested by fitting a Generalized 
Linear Model — Binomial GLM (Mccullagh & Nelder, 
1989) — with the ratio between the number of nests founded 
and the availability index as the response variable and the 
log of fragment area as the predictor variable. The number 
of cells constructed per nest was analyzed to determine if 
there was an effect of fragment size on the average number 
of cells per fragment. A similar model was fitted to test 
differences in the rate of parasitoidism, with the proportion 
of nests attacked by parasitoids as the response variable. 

Differences in survival rate of individuals between 
fragments of different sizes was tested using a Generalized 
Linear Mixed Model — Binomial GLMM (Bolker et al., 
2009) — with the ratio between the number of adults emerged 
from each nest and the number of cells constructed as the 
response variable and fragment size (categorized as small 
or large) as the predictor variable. Non-independence of 

nests from the same fragment was incorporated in the model 
by including the sampling fragment as a random variable. 

A Linear Mixed Model LMM (Bolker et al., 2009) 
was used to test whether the individuals emerging in larger 
fragments were larger than those emerging in smaller 
fragments with the intertegular distance of each individual 
as the response variable and fragment size category (small 
or large) as the predictor variable. Sex was included as a 
covariate to control for possible differences between the 
sexes. The nest of origin, nested by sampling fragment, was 
also included to control for non-independence of individuals 
from the same nest and from the same fragment. 

The effect of fragment size on the sex ratio of each 
nest was estimated using a Generalized Linear Mixed Model 
with the ratio between the number of females and males by 
the total number of individuals in each nest as the response 
variable, and fragment size category as the predictor variable. 
Non-indenpendence of nests from the same fragment was 
incorporated in the model by including the sampling fragment 
as a random variable.

RESULTS

Trap-nests placed along the border of large fragments 
had more nests and occupied cells than those along the border 
of small fragments. The greatest number of adults was also 
found in one of the nests placed along the border of a large 
fragment. Six of the small fragments were noted to have no 
nesting. The results of the nest analyses are summarized 
in Tab. I. 

A total of 155 wasps managed to reach the adult 
stage, of which only 135 (67 females, 68 males) were 
analyzed, while the remainders were not included in the 
analyses for various reasons. The data obtained in the present 
study verified greater nesting along the borders of large 
fragments than small fragments, which can be explained 
by the foundation rate increasing with increasing fragment 
area (z = 8.189, p < 0.001; Fig. 4). No difference was found 
between small and large fragments for mean number of nest 
cells (z = 1.155, p = 0.248; Fig. 5), survival rate (z = 0.784, 
p = 0.433; Fig. 6), and parasitoidism rate (z = 0.394, p = 
0.694; Fig. 7). 

Tab. I. Number of trap nests installed and founded by Trypoxylon (Trypargilum) lactitarse Saussure, 1867 (Hymenoptera: Crabronidae), number of days 
with nests available, number of cells with wasps, and adults hatched per study area, state of Goiás, Brazil. 

Area Size Hectares No. of traps No. of days No. of nests No. of cells No. of adults

1 large 1600 54 124 15 52 22

2 small 9.71 108 66 4 14 4

3 small 54 108 74 8 33 27

4 large 517.61 108 204 65 199 102

5 small 2.52 108 151 0 0 0

6 small 55.35 108 127 0 0 0

7 small 25 108 14 0 0 0

8 small 0.1 54 94 0 0 0

9 small 1.8 54 74 0 0 0

Total 1,080 92 298 155
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Fragment size (large or small) was found to have 
no influence on the size of hatched wasps (z = -0.741, p = 
0.982; Fig.8). Male wasps were, in general, smaller than 

female wasps (t = -3.693, p < 0.001). Despite a tendency 
for a biased sex ratio in favor females in small areas, the 
difference was not significant (Fig. 9) (z = 1.224, p = 0.221).

Fig. 9. Results of the Generalized Linear Mixed Model (GLMM) between 
sex ratios and fragment size category. Despite a tendency for a biased sex 
ratio in favor females in small areas, the difference was not significant (z 
= 1.224, p = 0.221).

Fig. 4. Results of the Generalized Linear Model (GLM) between the nests 
foundation rate and the log of fragment area. The foundation rate increasing 
with increasing fragment area (z = 8.189, p < 0.001).

Fig. 5. Results of the Generalized Linear Model (GLM) between fragment 
size and the average number of cells per fragment. No difference was 
found between small and large fragments for mean number of nest cells 
(z = 1.155, p = 0.248).

Fig. 6. Results of the Generalized Linear Mixed Model (GLMM) between 
the numbers of adults emerged from each nest and fragment size. No 
difference was found between small and large fragments for survival rate 
(z = 0.784, p = 0.433).

Fig. 7. Results of the Generalized Linear Mixed Model (GLMM) between 
parasitoidism rate (proportion of nests attacked by parasitoids) and fragment 
size. No difference was found between small and large fragments for 
parasitoidism rate (z = 0.394, p = 0.694).

Fig. 8. Results of the Linear Mixed Model (LMM) between the intergular 
length of each individual and fragment size category. Fragment size was 
found to have no influence on the size of hatched wasps (z = -0.741, p = 
0.982).
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DISCUSSION

The results of the present study showed that nesting 
occurred with greater intensity along the borders of the large 
fragments; that is, more nests were founded in larger than 
smaller fragments. In several smaller fragments, no nesting 
was found. Other works have reported different results. For 
example, in the Amazon Region, Trypoxylon lactitarse and T. 
nitidum preferentially established their nests in smaller forest 
fragments (Morato & Campos, 2000). In the state of São 
Paulo, high nesting of species of Trypoxylon (Trypargilum) 
Kohl was observed in disturbed areas of the Cerrado that 
had abandoned houses and orchards surrounded by crops 
and pastures (Camillo et al., 1994; Santoni et al., 2009). 
Apparently, wasps of the genus Trypoxylon easily adapt to 
disturbed environments (Camillo et al., 1994). It is possible 
that the fragments of the present study were smaller and 
more isolated than those of the previous studies, and thus 
did not provide sufficient resources for the maintenance of 
populations of T. lactitarse. 

Tscharntke et al. (1998) observed that wasps and 
bees are very sensitive to environmental disturbances and 
can be used as bioindicators of habitat quality. These authors 
showed that wasp diversity increases with the quality of 
the habitat. It is possible that the quality habitat required 
for the occurrence of T. lactitarse in the study areas — 
with resources for feeding adults (e.g., floral nectar) and 
larvae (mainly spiders), and the availability of nesting sites 
and nest building materials — is easier found in the larger 
fragments (Roubik, 1989; Gathmann & Tscharntke, 2002; 
Tscharntke et al., 2002) 

The present work showed that only the foundation 
rate of trap-nests is higher in larger fragments. Mean number 
of cells per nest, larval survival rate, parasitoidism rate, 
and size of hatched adults did not differ between large and 
small fragments. These findings demonstrate that fragment 
size has a greater impact on adult permanence and nesting 
activity than on the measures of their success of immatures. 
Probably, larger fragments possess greater amounts and 
diversity of feeding resources for the adults of these wasp 
species. Adult wasps of the genus Trypoxylum feed mainly on 
nectar, and smaller fragments of native vegetation are likely 
to possess less abundant and diverse floras of flowering plants 
(Tabarelli et al., 1999; Benítez‐Malvido & Martínez‐
Ramos, 2003) that provide resources for floral visitors (Aizen 
& Feinsinger, 1994; Donaldson et al., 2002). The present 
study was carried out during the rainy season, which is the 
period with the greatest flower production by herbaceous 
plants in the Cerrado of the Center-West Region of Brazil 
(Batalha & Martins, 2004). Herbaceous plants are quite 
common along the borders of forest and Cerrado fragments 
(Soares et al., 2015); however, trees bloom mainly during the 
dry or pre-rainy period (Batalha & Martins, 2004; Oliveira 
& Gibbs, 2000). Thus, the flowering of a few species and 
plants may not be enough to maintain adults in the small 
fragments, especially because the matrix surrounding those 

fragments is composed of pasture with few occurences of 
nectar-providing plants.

Nesting also depends on availability of resources 
for nest building and food provisioning for the larvae. The 
larvae of T. lactitarse feed on spiders (Buschini, 2007). The 
abundance and diversity of spiders available to feed larvae 
should occur in areas where habitat quality is highest. The 
quality of the environment can act on the abundance and 
richness of spiders since they are also sensitive to several 
ecological factors such as fragmentation and habitat loss 
(Rushton et al., 1987). Larger fragments should offer more 
food for spiders and support sites for the installation of 
their webs. Studies have shown that the species richness 
and abundance of spiders are preserved in larger fragments 
and increase towards the interior (Gonçalvez-Souza et 
al., 2007). 

Most spiders are sensitive to abiotic factors such 
as luminosity, temperature and biotics, such as the amount 
of food resources and vegetation size, because they feed 
mainly on insects, which are also sensitive to these ecological 
factors (Wise, 1993; Foelix, 1996). Therefore, it can be 
inferred that the results of the present study may also be 
related to the sensitivity of spiders to fragmentation since 
nest foundation was greater in large areas, probably due to 
the greater availability of resources for larvae. 

Wasp size and survival did not differ with fragment 
size. The same pattern was previously reported for maximum 
head width (Camillo & Brescovit, 1999). Thus, it seems 
that the difference in resources between the small and large 
fragments was compensated for by a smaller number of 
nests being occupied by females, thereby maintaining an 
adequate quantity of food for each larva and preventing 
reductions in their survival and development. Buschini et 
al. (2006) observed that nests with larger diameters, as used 
in our experiment, had higher survival rates for T. lactitarse 
larvae. Nesting space is another factor that has been attributed 
to the survival of wasp larvae (Berton et al., 2009). In 
addition, the survival of wasp larvae may be influenced by 
the intensity of infestation by pathogens and by climatic 
conditions (Morato & Campos, 2000). Nevertheless, we 
found no difference between the parasitism rate of small 
and large fragments. 

Fragment size was found to have no influence on 
the sex ratio of hatched wasps. Previous studies have found 
that Trypoxylon lactitarse wasps may exhibited a biased sex 
ratio in favor of females or males (Buschini, 2007). Some 
authors have suggested that the sex ratio biases depending 
on the diameter of the trap-nest occupied (Peruquetti & 
Del Lama, 2003; Buschini, 2007). Since females are able 
to manipulate the sex of their offspring, nests in small spaces 
are usually intended for the production of males (Camillo et 
al., 1993; Coville & Coville, 1980), which are smaller and 
require fewer resources for their development. In situations 
where nesting space is not limited, offspring of both sexes 
are produced (Peruquetti & Del Lama, 2003). Wooden 
trap-nests of 1 cm in diameter and 10 cm in depth were used 
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in this study allow the establishment of both female and 
male larvae. Smaller diameters may limit the food supply 
for larvae, which leads to a greater occurrence of males 
(Buschini, 2007). However, some authors suggest that other 
factors may act on the sex ratio, such as the availability 
of resources for feeding the larvae and the loss of cells 
due to attacks by parasites (Aguiar & Garófalo, 2004). 
Following this argument, the observed sex ratio of 1:1 taken 
together with the similar number of cells per nest, would 
be an evidence of no resource limitation at the individual 
nest level. In T. lactitarse the 1: 1 ratio between males and 
females can be partly explained by the guarding behavior of 
the male during the foundation of the nest, since each male is 
directly involved in the foundation of only one nest at a time. 
The male allows the female to devote more time to foraging 
and to accumulate more prey in each cell (Buschini, 2007)

There has been little research on the effects of 
fragmentation of native vegetation on the biology of solitary 
wasps. In the present study, fragment size was only related to 
the rate of nest foundation. The other parameters analyzed, 
such as average number of cells per nest, size of hatched 
wasps, parasitoidism rate, larval survival and sex ratios 
did not vary with size of the sampled fragment. Therefore, 
it appears that fragment size influences the survival or 
permanence of adults more so than it does that of the larvae 
in the studied fragments. There are two possible explanations 
for the difference in the foundation rate: 1) each female 
founds, in average, the same number of nests in small and 
large fragments, but the number of females is lower in the 
smaller fragments; 2) females have the capacity to provision 
several nests, but in the larger areas each female founds more 
nests than in smaller areas. 

However, future studies are necessary to differentiate 
these two hypotheses. It is also important to investigate 
aspects that are not only related to the reproductive biology 
of the species, such as the behavioral aspects of habitat the 
choice by solitary wasps in fragmented landscapes. 
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