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ECOLOGY OF CRABRONID WASPS FOUND IN TRAP NESTS FROM SPAIN
(HYMENOPTERA: SPHECIFORMES)

J. TORMOS, J. D. Asis, S. F. GAYUBO, J. CALVO AND M. A. MARTIN
Unidad de Zoologia, Facultad de Biologia, Universidad de Salamaca, 37071-Salamanca. Spain

ABSTRACT

We report data obtained concerning the occupation of trap nests by xylicolous Crabronidae
(sensu Melo 1999) in a study carried out in central Spain between 1992 and 1995. In partic-
ular, we analyze the data on the occupation of the nests for Psenulus concolor (Dahlbom),
Trypoxylon attenuatum F. Smith, and Trypoxylon beaumonti Antropov. All three species use
pre-existing cavities of 2-4 mm to establish their nests. The mortality rates varied between
33% and 55%, and of special interest was the variation between the two species of Trypoxy-
lon L. and the absence of mortality due to natural enemies in P. concolor. In the three spe-
cies, mortality was similar along the nests, with no increase in the innermost or outermost
cells. Trichrysis cyanea (L.) was the most abundant natural enemy in the nests analyzed.
Sex distribution was not random in any of the species studied: in P. concolor and T. attenua-
tum, the males developed in the outermost cells, while in 7! beaumonti they appeared in the
innermost ones. The sex ratio did not deviate from 0.5 in P. concolor and T. attenuaum, al-
though in T' beaumonti, the number of females was significantly higher than that of males.
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RESUMEN

Se presentan los datos obtenidos sobre la ocupacién de nidos trampa por Crabronidae (sensu
Melo 1999) xilicolas, en un estudio llevado a cabo en el centro de Espana, entre 1992 y 1995.
Se analizan especificamente los datos de ocupacién y contenido de los nidos para Psenulus
concolor (Dahlbom), Trypoxylon attenuatum F. Smith, y Trypoxylon beaumonti Antropov. Las
tres especies utilizan cavidades preexistentes de 2-4 mm para establecer sus nidos. Las tasas
de mortalidad obtenidas varian entre un 33% y un 55%, destacando la variacién observada
entre las dos especies de Trypoxylon L.y la ausencia de mortalidad ocasionada por enemigos
naturales en P. concolor. En las tres especies la mortalidad es similar a lo largo del nido, no
incrementdndose en las celdas mas externas o internas. Trichrysis cyanea (L.) es el enemigo
natural més abundante en los nidos analizados. La distribucién de sexos no es aleatoria en
ninguna de las tres especies estudiadas: en P. concolor y T. attenuatum, los machos se desar-
rollan en las celdas mas externas, mientras que en 7. beaumonti aparecen en las celdas mas
internas del nido. El sex ratio no se aparta de 0.5 en P. concolor y T. attenuaum, aunque en
T. beaumonti, el nimero de hembras es significativamente mayor que el de machos.

Translation provided by the authors.

The Crabronidae include a large number of
xylicolous species. These wasps build their nests
either in soft core or hollow stems and even in soft
pieces of wood. They may excavate their own nests
(such that they function as true constructors) or
may occupy pre-existing nests or empty holes.

The nests may be linear, with cells located one
after the other, or branched; the latter are never
found in hollow stems. In both cases, the cells are
divided by a septum of mud, resin, or wood parti-
cles. According to Krombein (1967) the septa
“serve to protect against parasites, parasitoids,
and predators; they ensure the nutrition of the
larvae and prevent cannibalism; they serve as ori-
entation for the exit of the adult”. In some cases,
there is also a plug at the end of the gallery that
forms a “vestibular cell” in front of the last provi-
sioned cell.

Here we report data obtained in a study with
trap-nests on 9 species of crabronids (sensu Melo
1999): Passaloecus gracilis (Curtis, 1834), P. sin-
gularis (Dahlbom, 1844), Pemphredon lethifer
(Suckard, 1837), Psenulus concolor (Dahlbom,
1843), Spilomena troglodites (Van der Linden,
1829), Stigmus solskyi Morawitz, 1864; Trypoxy-
lon attenuatum F. Smith, 1851, T. beaumonti
Antropov, 1991, and T. minus Beaumont, 1945.
However, we only analyze the data from those
species whose samples can be considered repre-
sentative: Psenulus concolor, Trypoxylon attenua-
tum and T. beaumonti.

Psenulus Kohl includes about 160 species, of
which 10 have been found in Europe. The biology
and ecology of the European species have been de-
scribed by Freeman (1938); Grandi (1961); Janvier
(1962, 1975); Danks (1970, 1971a); Jacob-Remacle
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(1976, 1985, 1986); and Bonelli (1988), who pro-
vided data concerning nest structure, prey, and
parasitoids. Lomholdt (1976); Bohart & Menke
(1976); and Dolfuss & Bitsch (2001) compiled data
published by other authors, among which the ref-
erences to natural enemies are outstanding.

Trypoxylon L. is a cosmopolitan genus with
around 700 species. The presence of 17 species
has been recorded in Europe (Antropov 2001).
Many works have addressed the biology of the Eu-
ropean species, most of them referring to nest
structure, prey identification, and parasitoids.
Some works are purely descriptive or just compi-
lations, such as those by Hamm & Richards
(1930); Maréchal (1936); Freeman (1938); Bris-
towe (1948); Binaghi (1956); Grandi (1961); Abra-
ham (1982); and Antropov (2001). Danks (1970,
1971a, b); Jacob-Remacle (1976, 1985, 1986,
1987); and Asis et al. (1994) conducted surveys
that, unlike previous works, quantified data ob-
tained about nests, prey, natural enemies, and
mortality. Of the species addressed in the present
work, T. attenuatum has been studied by Danks
(1970) and Asis et al. (1994), while T. beaumonti
biology is almost unknown.

MATERIALS AND METHODS

One thousand and seventeen trap-nests were
placed in 19 localities of Burgos, Cuenca, Leén,
Segovia, Soria, Teruel, Valladolid, and Zamora
provinces, from central-western Spain, and 931
were collected at the end of the study. The trap-
nests, made from stems of Ailanthus altissima
Swingle (Simaroubaceae) (1 = 20-30 cm; d = 2-14
mm) and Phragmites australis (Cav.) (Poaceae)
(1=20-30 cm; d = 1-8 mm) (cane) were grouped in
sheaves with four stems each. The sheaves repre-
sented one of the following models: a) four cane
stems of different diameters (>2 mm); b) two
stems of Ailanthus and two of cane; ¢) four stems
of cane of 1-2 mm. These sheaves were placed in
the field at the beginning of the spring of 1992,
1993, 1994 and 1995, attached to the branches of
trees with insulating tape, and were withdrawn
in the autumn of each of the above years. Thus,
they remained in place for 6-7 months. Once
collected, the sheaves were placed in an Iar
(model CF 85) refrigerator at 6-8°C. The stems
were opened later, any occupation by aculeates
was determined, and stems with nests inside
were studied.

The data gathered were primarily diameter
and length of the built nest, cell numbers and con-
tents, and presence of vestibular cells and septa.
The cells were numbered from the exterior to the
interior (cell 1 being the outermost one), although
chronologically the innermost cell was the one
constructed first. The contents of each cell were
transferred to glass vials, which were held in a re-
frigerator (6-8°C) until the following spring, when
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they were transferred to a Heraeus culture cham-
ber (28°C) to promote the emergence of adults. It
was then possible to identify the occupants and
some of their parasitoids. The total number of
nests studied was 511. Between 15% and 25% of
the mature larvae were conserved for a possible
later study of the preimaginal stages. This means
that the mortalities, calculated as a function of
the adults obtained, are slightly overestimated
(because mortality affecting immature larvae
could not act on mature larvae).

The stems of each class and diameter that
were occupied, unoccupied, or abandoned were
counted. The calculations regarding occupancy
were carried out based on the number of “nesting
sites” (approximately double the number of
stems) since two nests could have been placed in
each of them: one on each side. Possible reoccupa-
tion (stems occupied in the first and second gener-
ation) was not taken into account in determining
global occupation index.

Analyses were limited to the wasps Psenulus
concolor, Trypoxylon attenuatum, and T. beau-
monti (Crabronidae), and kleptoparasitoid
Trichrysis cyanea (L., 1758) (Chrysididae). Data
refer to individuals of the second generation, be-
cause only one collection was made, at the end of
the summer. Abandoned nests (i.e., nests occupied
during the first generation and abandoned by the
adults) were considered to be susceptible to occu-
pation during the second generation.

The sex ratio was calculated as the “number of
males/total number of adults obtained”. The fol-
lowing abbreviations are employed: M1 = mortal-
ity in the egg stage, including the possible absence
of oviposition; M2 = mortality of the different lar-
val stages (with the exception of the mature
larva); M3 = mortality due to natural enemies; M4
= mortality in the mature larval stage or in meta-
morphosis giving rise to the adult.

RESULTS
Trap Nest Occupation

The occupation index was 19.34%, slightly
higher for the Ailanthus stems (19.75%) as com-
pared with those of cane (19.28%) (Table 1).

In cane stems (Table 1), the differences in occu-
pation, as a function of diameter, were significant
(%%, = 31.37; P < 0,0001), those with a diameter of
3-4 mm being the ones most used. This is because
these diameters are better adapted to the size of
Trypoxylon attenuatum and T. beaumonti, the
species that established the greatest number of
nests (Table 2). In Ailanthus stems, a preference
as a function of diameter was not observed (x*, =
0.57; P = 0.90) (Table 1).

Trypoxylon was the most abundant genus (272
nests, 72.9%), while Pemphredon L. (43 nests) and
Psenulus (12 nests) had much lower percentages
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TABLE 1. STEMS COLLECTED AS A FUNCTION OF DIAMETER AND TYPE (A = ABANDONED, NO = NOT OCCUPIED, O = OC-

CUPIED, T = TOTAL).

Cane A (%) NO (%) O (%) T
Total 239 (14.1) 1126 (66.6) 326 (19.3) 1691
1 mm 0(0.0) 107 (99.1) 1(0.9) 108
2 mm 30 (5.6) 409 (76.9) 93 (17.5) 532
3 mm 183 (20.0) 537 (58.6) 197 (21.5) 917
4 mm 20 (16.5) 69 (57.0) 32 (26.4) 121
5-8 mm 6 (46.2) 4(30.8) 3(23.1) 13
Ailanthus

total 32(13.4) 159 (66.8) 47 (19.7) 238
2-4 mm 1(9.1) 8 (72.7) 2(18.2) 11
5-7 mm 11 (9.3) 82 (69.5) 25(21.2) 118
8-10 mm 16 (18.2) 55 (62.5) 17 (19.3) 88
12-14 mm 4 (19.0) 14 (66.7) 3(14.3) 21

of occupation (11.5% and 3.2%, respectively). The
presence of Spilomena Shuckard, Passaloecus
Shuckard, and Stigmus Panzer was very reduced,
with scarcely 2.9% of the nests among the three
genera (Table 2).

Differences among the genera were observed
in the number of nests employed by each species
in the different types of stems (Ailanthus—cane).
Trypoxylon females established their nests exclu-
sively in pre-existing cavities, its reported pres-
ence in Ailanthus stems (14 nests, 5.1% of the to-
tal found for the genus) probably is anecdotal and
undoubtedly due to the occupation of pre-existing
galleries in stems excavated by various Apoidea
or Pemphredon. Although data reported for
Psenulus and Passaloecus are scarce, the data
also indicate the use of pre-existing cavities. Pem-
phredon spp. (Table 2) occupied both types of
stems (22 nests in Ailanthus, 21 in cane). Thus,
the females excavated their nests in stems with
soft cores, or occupied pre-existing cavities. The

data obtained for Spilomena and Stigmus (Table
2), although also scarce, point towards a preferen-
tial use of soft-cored stems.

Wasp Biology

Psenulus concolor. Twelve nests were ob-
tained, 11 in cane stems of 3-4 mm and one in Ail-
anthus (Table 2). The number of cells varied be-
tween 2 and 16 (x = 9.5 cells). The observed mor-
tality was 48.4%, representing that undergone by
mature larvae or 37.7% of those in the process of
metamorphosis that gave rise to adults (Table 3).
No parasitoids were found attacking this species.

Upon analyzing the mortality in cells as a
function of the position they occupied from the ex-
terior, we observed that this was similar in all of
them (x*, = 1.90; NS). The outermost cells did not
show a higher mortality index.

The sex ratio obtained was 0.783/12, not sig-
nificantly different from 0.5 (binomial test, z =

TABLE 2. CRABRONID NESTS FOUND IN THE DIFFERENT MODELS OF STEMS.

Cane
1 mm 2 mm 3 mm 4 mm 5 mm 5 mm Total Ailanthus Total
Total (%) 1(0.3) 93(28.5) 197(60.4) 32(9.8) 1(0.3) 2(0.6) 326 47 373
Passaloecus gracilis 0 2(1000 O 0 0 0 2 0 2
Passaloecus singularis 0 1(100) O 0 0 0 1 0 1
Pemphredon lethifer 0 0 5(83.3) 1(16.7) 0 0 6 14 20
Pemphredon sp. 0 0 14 (93.3) 1(6.7) 0 0 15 8 23
Psenulus concolor 0 0 7(63.6) 4(36.4) O 0 11 1 12
Trypoxylon attenuatum 0 67(37.8) 95(53.7) 15(8.5) O 0 177 4 181
Trypoxylon beaumonti 0 3(10.7) 20(71.4) 3(10.7) O 2(7.1) 28 0 28
Trypoxylon minus 0 0 1(100) O 0 0 1 0 1
Trypoxylon sp. 0 15(28.8) 32(61.5) 4(10.7) 1(1.9 O 52 10 62
Spilomena troglodytes 0 0 0 0 0 0 0 6 6
Stigmus solskyi 0 0 0 0 0 0 0 2 2
Unknown 18.00 5(15.2) 23(69.7) 4(12.1) O 0 33 2 35
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TABLE 3. CONTENTS OF NESTS OF PSENULUS CONCOLOR, TRYPOXYLON ATTENUATUM, AND T. BEAUMONTI. M1, M2,

M3, M4 = TYPE OF MORTALITY.

P. concolor (%)

T. attenuatum (%) T. beaumonti (%)

Preserved 19

Q9 27

33 21
Adults 48 (51.6)
Total mortality 45 (48.4)
M1 3(3.2)
M2 6(6.5)
M3 0

M4 36 (38.7)

Total cells 112

153 32

209 34

188 10

397 (66.8) 44 (45.4)

197 (33.2) 53 (54.6)
44 (7.4) 17 (17.5)
26 (4.4) 5(5.2)
14 (2.4) 6(6.2)

113 (19.0) 25 (25.8)

747 129

0.72; NS). The distribution of males and females
inside the nests was not similar (¥*, = 15.99; P <
0.01); the sex ratio follows a negative exponential
model (sex ratio = -0.396 In (cell position) + 1.040;
R? = 0.825) (F,,, = 92.12; P < 0,0001), and hence
the males are increasingly less abundant towards
the innermost cells.

Trypoxylon. At least three species nested in the
stems provided (Table 2): T attenuatum, T. beau-
monti and T. minus, a total of 210 nests being
counted. Moreover, 62 nests were detected that
could not be assigned to any given species with
certainty because the larvae had not developed
into adults.

Trypoxylon attenuatum. With 181 nests (177 in
cane and 4 in Ailanthus) T. attenuatum was the
most abundant species. Occupation is shown in
Table 2 as a function of stem diameter. No prefer-
ence for any specific diameter was observed
within the 2-4 mm range (}°, = 1,82; NS), al-
though no nests in canes of other diameters were
found.

The number of cells per nest varied between 1
and 11 (x = 4.12). The observed mortality was
33.2%. M4 accounted for the greater part of the
mortality (almost 60%), while the incidence of
natural enemies was very low, and only 14 cells
out of 594 (2.4%) were parasitized (Table 3).

Mortality as a function of the position occupied
by the cells from the exterior was found to be
quite similar in all of them (x>, = 11.33; NS). Thus,
mortality was not higher in the cells closer to the
exterior. Neither were there any significant differ-
ences as a function of the number of cells in the
nests. Mortality in the nests with few cells was of
the same order as in those with more cells (¢’ =
8.55; NS).

The number of males and females obtained
was similar (0.98/1?), and did not depart signifi-
cantly from a sex ratio of 0.5 (binomial test, z =
1.42; NS). However, the distribution of males and
females within the nests was not the same (¢, =
46.35; P < 0.0001): the males developed in the out-
ermost cells, and the sex ratio follows a negative

exponential model (sex ratio=-0.314 In (cell posi-
tion) + 0.743; R* = 0.941) (F,, = 76.80; P < 0.0001).

Trypoxylon beaumonti. Twenty-eight nests
were obtained, all of them from cane stems (Table
2). Although the data are scarce, there seemed to
be a significant preference towards the occupation
of galleries of 3-4 mm (y*= 8.17; P < 0.05). The
number of cells varied between 2 and 7 (x = 4.6).

The observed mortality was 54.6% (Table 3),
with six cells attacked by Trichrysis cyanea. Mor-
tality varies depending on the position occupied
by the cell from the exterior (}°, = 10.48; P < 0.01),
being higher for the most exterior cell (80%) and
smaller for inner cells (around 40%).

Important differences were seen between the
number of males and females obtained (0.293/1%),
and the sex ratio departed significantly from 0.5
(binomial test, z = 3,47; P < 0.001). Sex distribu-
tion inside the nests was not similar (y*, = 13.96;
P < 0.01), the males being found in the innermost
nests and the females being progressively more
abundant towards the exterior.

Trichrysis cyanea. This kleptoparasitoid was
found in 32 nests, belonging to different species of
Pemphredon and Trypoxylon, and parasitized 44
(87%) of the cells (Table 4). The mean number of
cells parasitized per nest was 1.38. Eleven of the
nests affected, with two or more cells, had more
than 50% of the cells parasitized. No significant
differences were observed as a function of the posi-
tion of the cell. The outermost cells did not exhibit
a greater probability of being parasitized than
those located more to the interior of the nest (°, =
9.77; NS). In three of the 44 cells the kleptoparasi-
toid did not complete its development, although
the larvae managed to become pupae. Of the 41
adults obtained, 23 were male and 18 female, and
the sex ratio (1.27 3:19) was not significantly dif-
ferent from 0.5 (binomial test, z = 0.63; NS).

DiscussioN

In Psenulus concolor, the mortality value
(48.4%) was higher than that reported in Great
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TABLE 4. NESTS AND CELLS OF DIFFERENT HOSTS AFFECTED BY TRICHRYSIS CYANEA.

Total number Nests with 2 or more

Nests affected of cells Parasitized cells cells parasitized
Pemphredon sp. 2 10 3 1
Trypoxylon attenuatum 4 23 7 2
Trypoxylon beaumonti 8 29 10 3
Trypoxylon sp. 18 57 24 5
Total 32 119 44 11

Britain for the same species by Danks (1970,
1971b) (29.3% and 26%) (x°, = 10.72; P < 0.01).
However, the mean number of adults produced
per nest was greater in this study (5 adults/nest)
than in those of Danks (1970, 1971b) (4.0-4.2
adults/nest), due to the higher number of cells in
the nests analyzed (9.3 in this study as compared
with 5.4-5.9 in those of Danks 1970, 1971b). It is
striking, nevertheless, that no parasitoids were
found attacking this species; all mortality derived
from the interruption of development during lar-
val and pupal stages. The same observation was
reported and attributed to a paucity of data by
Danks (1970).

The mortality rates found for European species
of Trypoxylon vary between 33.2% (for T. attenua-
tum in this study) and 63.8% (for T! attenuatum
and T. figulus in Danks 1971b). The observed dif-
ferences are significant (), = 144.25; P < 0.001).
Mortality in T! attenuatum is lower, both in this
study (33.2%) and in that of Asis et al. (1994)
(44.0%). Furthermore, the values reported by
Danks (1971b) for T. attenuatum and T. figulus
(63.8%) and by Jacob Remacle (1986) for T. clavi-
cerum and T. minus (58.2%) are clearly higher,
while the value found for 70 beaumonti (54.6%) and
that given by Danks (1970) for T. attenuatum and
T. figulus (54.6%) do not deviate from the mean
values. This shows that the populations of these
wasps are subject to important fluctuations, al-
though it seems that 7. attenuatum in the Iberian
Peninsula could have appreciably lower rates than
the rest of the species or than other populations of
this species present in more northern areas.

It is also possible to observe an important vari-
ability in mortality due to different agents, and of
special interest is the low mortality attributable
to the action of natural enemies in the species an-
alyzed here (2.4-6.4%), whereas the rates found in
other works are between 15% and 25%.

In Trypoxylon, cases have been described in
which the distribution of the individuals of each
sex in the nest seems to be irregular (see Cross et
al. 1975), although in many cases it follows a de-
fined trend. Thus, in some species the males are
found in the innermost cells and the females in
the outermost ones (IMOF, inner males outer fe-
males) while in other species the inner cells har-
bor females (IFOM). The IMOF model is the main

one among species of the subgenus Trypargilum,
in which the male remains inside the nest during
its provisioning, copulating with the female when
she returns to it (Krombein 1967; Medler 1967;
Coville & Coville 1980; Coville & Griswold 1983,
1984; Camillo et al. 1993, 1994). In wasps of the
subgenus Trypoxylon, the model seems to be
IFOM (Krombein 1967; Asis et al. 1994; Oku &
Nishida 1999). Trypoxylon attenuatum, as re-
ported by Asis et al. (1994), follows this model.
However, the data obtained for Trypoxylon beau-
monti seem to reflect the IMOF model. This could
be due to a lack of data, although it might also be
a reflection of differences in the behavior of this
species, an aspect that deserves further attention.

In some species of Psenulus, sex ratios that
clearly deviate towards a greater production of
males have been described (0.86 in Krombein
1967, for Psenulus pallipes (Panzer), z = 5.04, P <
0,0001; 0.68 in Matthews 2000, for P. interstitialis
Cameron, z = 2.19, P < 0.05). Nevertheless, the
data obtained by us and those reported by Danks
(1970, 1971b) point to a different situation for
P. concolor, with a sex ratio that does not depart
significantly from 0.5. Regarding the species of
Trypoxylon studied, the sex ratio does not depart
significantly from 0.5 in T! attenuatum, while it
does deviate from that figure, and towards a
greater production of females, in T. beaumonti. Ac-
cording to the theory of parental inversion pro-
posed by Fisher (1999), in large randomly breed-
ing populations selection will result in equal in-
vestment in sons and daughters (hence a sex ratio
of 0.5). Since the males are smaller than the fe-
males in most solitary wasps and require a lower
investment, one would expect a greater produc-
tion of males than of females (i.e., a sex ratio >0.5).
However, in situations such as those that affect
certain wasps, with fragmented populations in
which there is local competition for mates among
brothers, the females will be selected to produce
female-biased sex investment ratios (Hamilton
1967; Cowan 1991). This could explain the devia-
tion, towards the production of females, observed
in T. beaumonti, whereas T. attenuatum, with
larger and less isolated populations on the Iberian
Peninsula, would show sex ratios close to 0.5.

It is also necessary to take into account the in-
fluence that can be exerted by the nesting sub-
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strate on the sex ratio since different studies have
shown that cavities with smaller diameters shift
the sex ratio towards the production of males
(Krombein 1967; Charnov et al. 1981). The diam-
eters offered do not seem the limit the nesting
possibilities of the species of Trypoxylon studied
because mainly the cavities with a medium-sized
diameter were those occupied. However, if the
cavities offered are larger or smaller than those
usually available in nature, a bias towards a
greater production of one of the sexes could arise,
as long as there is sexual dimorphism as regards
size (Trivers & Hare 1976). In any case, Oku &
Nishida (2001) have demonstrated that the use of
small samples could lead to mistaken conclusions
concerning the sex ratio, so caution should be ex-
ercised on drawing conclusions from few data.
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