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Abstract. Studies were carried out for 14 years (1981-1994) on the structure of the social wasp community (6 species) in the
agricultural landscape of the Kujawy Region. It was assumed that the most important mechanism of changes in abundance of
a multispecies community of social wasps was described by M.E. Archer. In this paper demonstrated that in the 2-year cycle of
changes the increase of abundance occurred in even-number years. The cycle itself was affected by favourable or unfavourable

weather conditions.
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Introduction

Social wasps are among the most efficient
predatory insects, which particularly prefer anthro-
pogenic environments (Edwards 1980; Matsuura
& Yamane 1990; Pawlikowski 1990, 1993). In ag-
ricultural areas they are the principal reducers of
Diptera. They also consume carbohydrates from
various sources (Edwards 1980; Kemper
& Dohring 1967). While searching for them, they
often visit sites with food products or food waste.
By visiting such places they become vectors of
pathogenic microorganisms and thus can consti-
tute sanitary concern. Furthermore, being active
and aggressive stingers, they also constitute a con-

siderable allergo-toxicological threat to local resi-
dents. However, anthropogenic factors of the agri-
cultural landscape, which determine their social
wasp development success, are still insufficiently
understood.

Archer (1998) worked out a model of intra-
species regulation of abundance in social wasp
colonies, underlying the 2-year periodic changes
of abundance in local populations (fig. 1). As the
main mechanism of that model he adopted the
competition among queens for environment re-
sources. Taking this into consideration, it was de-
cided to consider this interaction as a parallel
mechanism shaping the structure of the multi-spe-
cies Vespinae community. As demonstrated in stud-
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ies carried out simultaneously at several sites of
the urban area of Torun, the multispecies social
wasp complex competed mainly for sites for ef-
fective nesting with sufficient food supply for the
offspring (Pawlikowski & Przybylska 2001). Such
sites occurred mainly in areas with predominantly
arboreal and shrub vegetation (Pawlikowski
& Osmanski 1998).

The main object of this work was to present
the long-term dynamics of the Vespinae commu-
nity structure in the typical agricultural landscape
of the Kujawy Region. Moreover, it was under-
taken to assess the functional usefulness of the
Archer model for the description of changes in the
main parameters of this community structure in the
agricultural landscape of Central Poland.
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Figure 1. Types of life histories of the Vespinae colony (according to Archer 1997)

Material and methods

Research on social wasps in the agricultural
landscape of Kujawy was conducted about 20 km
south of Inowroctaw (the cultural capital of the
Region) in the period of full development of their
colonies, i.e. from August until October, in the
years 1981-1994. The computational unit (a rep-
resentative sample — Pawlikowski 1990) was the
number of individuals observed (or sometimes
caught) in the course of a 30-min passage under
optimal weather conditions (10°-17% CET, clear
sky, air temperature 19°-25°C) in all main habi-
tats of the villages Stodoélno, Kraszyce, Ksiaz,
Strzelno Klasztorne. The area was situated in
square CD13 of the UTM grid. All individuals
were collected while performing their activities,
i.e. hunting, nectar collecting, search for food, col-
lecting material for nest building (roadsides,
hedges, wooden fences), as well as at various sites
containing carbohydrate food (gardens, orchards,
farm service and food stores). The captured wasps

were identified to the species level in the field
using a magnifying glass (x20), and after that they
were released. All collected individuals were used
to determine the community structure of social
wasps in particular growing seasons.

The community structure was described by the
number of species (S), the mean number of indi-
viduals observed (and caught) in a 30-min pas-
sage (A), the general species diversity index (H”)
and the potential species diversity (J”). Differences
between values of A in particular years were
worked out statistically using the t-test. The gen-
eral species diversity index was adopted after Shan-
non & Weaver (1963): H> = Zp, log, p, , where
p, = n./ N, which denotes the species ,,i” fraction
in a community consisting of S number of spe-
cies, and n, denotes the abundance of species ,,i”
in a community with the total abundance of indi-
viduals N. The potential species diversity index,
also called the index of evenness of relative spe-
cies abundance in the community structure, was
adopted after Pielou (1966): J° = H’/ log, S, where
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log, S denotes the maximum possible value of the
index H” (H’ ). The index J* takes values within
the range 0 < J’ < 1, and its value decreasing to-
wards 0 denotes an increasing superdomination
tendency, while increasing towards 1 denotes an
increasing codomination tendency. The statistical
significance of differences between values of the
index H’ was calculated according to Hutcheson

(1970), the significance of the difference (P) was

accepted at the level of significance not exceed-

ing 0.05.

Description of weather conditions in particu-
lar years of studies was based on the data sup-
plied by the Meteorological Station in Inowroctaw,
the nearest one to the study areas. The data con-
sidered in the description were: the mean air tem-
perature and total rainfall. The analysis of total
rainfall was carried out in 7 classes based on the
criterion of Kaczorowska (1962), where a given
year is considered:

1 — extremely wet, when excess of rainfall exceeds
50% of the long-term mean total, i.e. the total
rainfall exceeds 150% of the standard,

2 — very wet, when excess of rainfall amounts to
26-50% of the long-term mean total, i.e. the
total rainfall is 126—-150% of the standard,

3 — wet, when the rainfall excess is 11-25% of
the long-term mean total, i.e. the total rain-
fall amounts to 111-125% of the standard,

4 — moderate, when deviation from the long-term
mean does not exceed 10%, i.e. the total rain-
fall comes within the limits of 90—-110% of
the standard,

5 — dry, when the rainfall shortage is from 11 to
25% of the long-term mean total, i.e. the to-
tal rainfall is 75-89% of the standard,

6 — very dry, when the rainfall shortage ranges
from 26 to 50% of the long-term mean to-
tal, i.e. the total rainfall is 50-74% of the
standard,

7 — extremely dry, when rainfall shortage ex-
ceeds 50% of the long-term mean rainfall,
i.e. the total rainfall drops below 50% of the
standard.

Basing on mean temperature values, the sea-
sons were classified into 11 classes according to
the criterion of Lorenc (1998), applying the for-

mula: ST=4/1/nY [, ~T), where ST — standard de-

viation of mean temperature values, t, — deviation

from the mean of a given year, T — long-term mean,

n — number of years considered in the present

study. The thermic classification was based on the

mean annual air temperature, whose variability

measure was the standard deviation value (ST):

1 — extremely cold year, when t, < T — 2.5ST,

2 — abnormally cold, when T —2.58T < t,<T —
2.0ST,

3 — very cold, when T - 2.0 ST<t <T- 1.5 ST,

4 — cold, when T — 1.5ST <t < T - 1.0ST,

5 — lightly cold, when T — 1.0ST < t,<T — 0.5ST,

6 — moderate, when T — 0.5S8T < t,<T + 0.5ST

7 — slightly warm, when T + 0.58T < ¢, <T
+ 1.0ST,

8 — warm, when T + 1.0ST <t <T + 1.58T,

9 — very warm, when T + 1.5ST < ¢, < T +
2.0ST,

10 — abnormally warm, when T +2.0ST <t <T
+ 2.58T,

11 — extremely warm, when t,> T + 2.5ST.

Description of weather conditions for the studied

area of Kujawy in the years 1980-1996, based on

the adopted classification is presented in tab. 1.

Results

In 14 years period of studies in the Kujawy
Region, 6 Vespinae species were found (tab. 2),
i.e. all social nest building species and 70% of all
species (including kleptoparasites) found in Poland.
The most commonly found was Vespula germanica
(F.), which constituted 64—99% of the total number
of wasps (92.20% throughout all years — super-
domination). Another fairly common species was
Dolichovespula saxonica (F.) (4.24% — subdo-
mination). The number of species found in par-
ticular years ranged from 3 to 6.

The mean abundance ranged from 1.75 to 19.3
individuals in a 30-min passage; the lowest values
mostly on odd-number years and the highest ones
on even-number years (fig. 2). This resembled os-
cillations with a recurring, mostly 2-year, cycle for
statistically different values (P < 0.05), particularly
in the years 1982-1993, except 1990, when instead
of an increase in the mean abundance a decrease
was observed.

The qualitative and quantitative structure of the
wasp community was described using the indices
of general (H”) and potential (J*) species diversity
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(tab. 3). In the course of years the general species
diversity ranged from 0.06 to 1.46 bits, depending
on the increase or decrease in abundance of the
predominant species (V. germanica and D.
saxonica) in the community structure with the sig-
nificant (P < 0.05) diversity of H” values. Whereas
values of J’ denoted the degree of potential spe-

cies diversity proportional to the number of spe-
cies and their abundance in the community. Over
the years, H’ and J* values displayed mostly cy-
clic fluctuations. The lowest H* values were ob-
served most frequently in even-number years,
which was related to the growing abundance of V.
germanica towards superdomination.

Table 1. Characteristics of weather conditions in Western Kujawy (according to Inowroctaw Meteorological Station) during

1980-1996
v WINTER SPRING SUMMER AUTUMN YEAR
o TS=TP PS+PP TS+TP PS+PP TS+TP PS+PP TS+TP PS+PP TS+TP PS+PP ET+EP
1980 5 6 3 1 5 2 6 1 4 2 6
1981 6 2 6 5 5 2 5 1 6 2 8
1982 6 5 6 4 8 7 9 6 7 6 13
1983 7 2 5 5 7 6 6 4 7 5 12
1984 6 6 6 2 5 4 7 6 6 4 10
1985 3 5 6 4 5 3 6 4 4 4 8
1986 4 4 7 4 5 5 8 3 6 4 10
1987 3 4 4 3 5 2 8 2 3 2 5
1988 6 1 7 6 6 4 6 4 7 4 1
1989 9 6 7 7 7 / 8 4 9 6 15
1990 9 6 8 4 5 4 8 4 9 4 13
1991 6 6 6 3 6 6 6 4 6 5 11
1992 7 4 7 5 8 5 6 5 7 5 12
1993 6 2 8 6 4 2 5 3 6 3 9
1994 6 2 6 2 10 5 7 4 8 4 12
1995 7 4 7 5 8 3 4 7 7 5 12
1996 3 6 6 2 4 3 6 7 3 4 7
TS-TP — evaluation of seasonal air temperature according to Lorenc (1996) in evaluation classes: 1 = extremely cold, 2 = abnormally cold,
3 = very cold, 4 = cold, 5 = lightly cold, 6 = moderate, 7 = lightly warm, 8 = warm, 9 = very warm, 10 = abnormally warm,
11 = extremely warm
PS-PP — the seasonal total of precipitation according to Kaczorowska (1962) in evaluation classes: 1 = extremely wet, 2 = very wet,
3 = wet, 4 = moderate, 5 = dry, 6 = very dry, 7 = extremely dry
ET+EP — the sum of evaluation classes of air temperature and precipitation

Discussion and conclusions

In the years 1981-1994 studies were carried
out on the changes in abundance of the Vespinae
community in the agricultural landscape of
Kujawy. In principle, there was a two-year cycle
of changes significantly influenced by weather
conditions (fig. 2). Analysis of materials indicated
that dry and warm weather, creating good envi-
ronmental conditions (GEC) for colony develop-
ment, somehow increased the habitat resources
needed for nesting, which reduced the nesting com-
petition among queens, and consequently decreased
the number of usurping queens and orphan colo-
nies. On the other hand, wet and cool weather
(BEC = bad environmental conditions) by curbing

the colony development somehow diminished habi-
tat resources, which kept production of a young
queen at the low level irrespective of effects of
competition among mothers. If fluctuations of sea-
sonal weather conditions coincided with the two-
year cycle then they stimulated it in direct propor-
tion to abundance changes. If bad conditions oc-
curred in several consecutive seasons (1982—1985
and 1989-1991), then the amplitude of cycle os-
cillations was reduced or even the cycle was dis-
turbed (1990). However, when in the course of
parallel studies in the area of Torun (Pawlikowski,
Przybylska 2001) favourable years alternated with
unfavourable ones, the cycle extended even up to
four years (R* = 0.81, P = 0.05). Taking this into
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account, it was proposed to modify the population
mechanism (according to Archer 1998) concern-

ing the long-term changes in abundance of social
wasp populations (fig. 3).
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Figure 2. Abundance of Vespinae wasps (A = number of specimens per 30 min)
and characteristics of weather conditions (ET+EP = sum of evaluation
classes of air temperature and precipitation, as in tab.1); asterisks mean
value changes with the significance level P < 0.05
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Figure 3. Endogenous mechanism of the two-year cycle of colony abundance of
Vespinae wasps (Archer 1997) modified by good environmental
conditions (GEC) or bad environmental conditions (BEC)

Generally speaking, the main mechanism af-
fecting the abundance of colonies in a social wasp
community is the intrapopulation two-year cycle
of numerical changes predicted by Archer (1998),
associated with the competition among queen-
mothers (of a given species as well as of different

species in a community) for habitat resources in
the nesting period. That mechanism, however, is
under a strong impact of weather conditions, which
modify its effect. That modification is possible
when weather conditions become the main factor(s)
affecting habitat resources (i.e. suitable nesting



Table 2. Domination of Vespinae wasps in the agricultural landscape of Western Kujawy during 1981-1994: n — number of samples, ni — number of specimens

INVESTIGATION IN YEARS

Shioks 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 19811994
n=23 n=35 n=12 n=15 n=15 n=15 n=16 n=31 n=20 n=15 n=13 n=14 n=13 n=16 n=293
ni %N ni %N ni %N ni %N ni %N ni %N ni %N ni %N ni %N | ni | %N ni %N ni %N ni %N | ni | %N ni %N
1) ggfrﬁgﬁm ) 157 | 9458 | 274 | 94.81 | 22| 7586 | 50 | 92.60 | 27 | 64.29 | 186 | 8194 | 35 | 8975 | 601 | 9510 | 147 |97.35 |72 |94.75 | 60 |81.08 | 150 |98.68 | 55 (8462 |79 |86.81 | 1915 |92.20
2) Vespula
wlars (L) 2 121 3| 104 1| 345| 2| 370 | 2| 476| 3| 132| 1| 25| 3| 047 21133 2| 263 1] 13 1oss| 1| 154 3|33 27| 130
3) f;i'ﬂ?!f?ﬁ”’a 4| 241 40 138 2| 690 | 1| 185| 10| 2381 | 26| 1145| 2| 513| 20| 316 1] 066 1| 131 12 |162 1] 066 901384 | 5| 549 | 88| 424
4) Dolichovespula
slvests (Scop) 3| 180 | 6| 208| 4| 1379 1| 185| 3| 714| 12| 529| 1| 25| 6| 095 1] 066 | 1| 131 1] 135 ol of ol of 1| 110] 40/ 192
5) Vespa crabro (L) 0 0] 2] 069] 0 0] o 0] o0 0] o 0] o 0] 2] 0 0] o0Jo0] o o] o] o o[ o] o[ 1[1i0] 5] 024
6) Dolichovespula of of of o|lo| ool of of of of ool of o of of oflo| of of of of of of of2]20]| 2|00
media (Ret.)
L‘;‘j}'me o) 166 | 100 | 289 | 100 | 29| 100 | 54| 00| 42| 100 | 227 | 100 | 39| 00| 632 | 100 | 151 | 100 |76 | 100 | 74| 100 | 152| 100 | 65| 100 |91 | 100 | 2077 | 100
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Table 3. Characteristics of the Vespinae community structure in the agriculture landscape of Western Kujawy during 1981-1994

INVESTIGATION IN YEARS

PARAMETERS

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994
H 0.39 0.39 1.13 0.49 1.38 0.90 0.63 0.35 0.22 0.38 0.84 0.11 0.69 0.83
TH = [ 7T T T b T [ ]
J 019 [ 017 | 057 | 025 | 069 [ 045 [ 032 [ 015 | 011 [ 019 [ 042 | 007 | 044 [ 032
TJ T 1 1] | | | m [ T I [ W] L T ] vV 1 7
H’ - the species diversity index
TH’ — tendency of H’ value changes with the significance level P < 0.05 (*): = —no changes, | — decrease, T — increase, n — not typical
r — the evenness index
T’ - tendency of superdomination of Vespula germanica according to J* value changes: | — decrease, T — increase, n — not typical

sites and food) for social wasp populations. In that
case we observe (1) an increase or decrease in the
amplitude of oscillation fluctuations of the cycle
by favourable or unfavourable weather conditions,
or (2) a prolongation of the oscillation period of
the cycle by extending favourable or unfavourable
weather conditions in consecutive years.

References

Archer M. E., 1998, A lifetime with wasps (Hymenop-
tera: Vespinae), Naturalist 123: 3—14.

Edwards R., 1980, Social wasps, Their biology and
control, Rentokil Ltd., East Grinstead: 398.

Hutcheson K., 1970, A test for comparing diversities
based on the Shannon formula, I. Theor. Biol. 29:
151-154.

Kaczorowska Z., 1962, Opady w Polsce w przekroju
wieloletnim [Long-term observations of precipitations
in Poland], Prace Geograficzne IG PAN 33: 71-72.

Kemper H. & Dohring E., 1967, Die sozialen Falten-
wespen Mitteleuropas, Verlag Paul Parey, Berlin—
Hamburg: 180.

Lorenc H., 1998, Obserwacje meteorologiczne i bada-
nia klimatyczne w systemie Zintegrowanego Mo-
nitoringu Srodowiska Przyrodniczego oraz synteza
uzyskanych wynikow badan za okres 1994-1997
[Meteorological observations and climatic investi-
gations in the system for Integrated Monitoring of
Environment and synthesis of results obtained in
years 1994-1997], Zintegrowany Monitoring Sro-
dowiska Przyrodniczego, Biblioteka Monitoringu
Srodowiska: 117-118.

Matsuura M. & Yamane S., 1990, Biology of the Ve-
spinae wasps, Springer-Verlag, Berlin—London—To-
kyo: 323.

Pawlikowski T., 1990, Wasp communities (Hymenop-
tera, Vespidae) in agricultural landscape of Chelm-
no Land (N Poland), Polskie Pismo Entomologicz-
ne 60:115-128.

Pawlikowski T. & Przybylska E., 2001, Dynamika
zmian struktury zespotu os spotecznych (Hymenop-
tera: Vespinae) na obszarze Torunia w latach 1979—
1995 [Dynamics of structure changes of the social
wasp (Hymenoptera: Vespinae) community in the
town area of Torun during 1979-1995], Biordzno-
rodnos¢ i1 ekologia populacji zwierzgcych w $rodo-
wiskach zurbanizowanych: 94-101.

Pawlikowski T., 1993, Materialy do studiéw nad struk-
turg zespotow zadtdwek (Hymenoptera, Aculeata)
Polski, 2, Osy spoteczne (Vespinae) wschodnich
Karkonoszy [Materials for studies on the commu-
nity structure of Hymenoptera Aculeata in Poland,
2, Social wasps (Vespinae) of the Eastern Karko-
nosze Mts.], Wiadomosci Entomologiczne, 12(1):
41-44.

Pawlikowski T. & Osmanski M., 1998, Atrakcyjnosé¢
srodowisk miejskich dla os spotecznych (Hymenop-
tera: Vespinae) na obszarze Torunia [Attractiveness
of city environments for social wasps (Hymenopte-
ra: Vespinae) in the area of Torun], Wiadomosci
Entomologiczne 17(2): 95-104.

Piclou E. C., 1966, Shannon’s formula as a measure of
specific diversity: its use and misuse, Amer. Natu-
ralist 100: 463—465.

Shannon C. E. & Weaver W., 1963, The mathematical
theory of communication, University of Illinois
Press, Urbana: 117.






