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Abstract Changes in bee fauna, such as the disappear-
ance of certain species or increasing abundance of others,
are very important. The common belief that pollinating
insects are facing problems also prompts detailed studies of
the bee fauna in order to track on-going changes. Assess-
ment of the state of bee communities in particular eco-
systems or ecosystem complexes within a landscape,
tracing the course of trends in fauna and also predicting
their future structures resulting from current changes, are
only possible if sampling is carried out at an appropriate
frequency, so that representative materials are obtained.
The aim of the present study was to determine what sam-
pling intensity during the growing season would enable the
collection of representative materials to evaluate species
diversity of bees in a study area. Repeated bee sampling at
monthly intervals throughout the period of activity of bees
resulted in the identification of 73 bee species, corre-
sponding to 51.4 % of the estimated number of bee species
in the study area. When samples were obtained twice a
month, 93 bee species were captured, accounting for
65.5 % of the estimated number of bee species. When
sampling took place nearly four times a month, 108 bee
species were captured, making up 76 % of the estimated
number of bee species; the materials obtained at this
sampling rate may be regarded as representative. The
importance of accounting for the phenology of a given
animal group during a sampling effort is also emphasised.
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Introduction

Species richness is the most commonly used measure of
biological diversity in ecology and conservation; therefore,
estimating species richness is of crucial importance for the
conservation and management of biodiversity (Boulinier
et al. 1998; Colwell and Coddington 1994). Data on species
number in different areas are used in comparative studies
that serve to draw conclusions regarding faunal richness.
Whether these conclusions are correct depends on both the
representativeness of the samples and their comparability.
These parameters, in turn, are a function of the quantity of
samples collected, the use of specific sampling methods
and the choice of a particular sampling period.

Pollinators are often considered crucial species in eco-
systems (Kearns and Inouye 1997). At our latitude, bees
(Hymenoptera: Apiformes) are the most important pollina-
tors. Bees are exceptional among animals: completely
dependent on flowers for food, they are the most important
vectors of cross-pollination in plants. Unlike the other
Aculeata, bee larvae are exclusively fed a mixture of nectar
and pollen or the secretion of hypopharyngeal glands, known
as royal jelly. The importance of bees needs to be viewed in
terms of their role as pollinators of crops, let alone their role
in the ecosystem. All the more alarmingly, there is current
evidence of disappearance of rare species outside their con-
tinuous ranges. Faunal analyses have revealed that at least
3.3 % Apoidea species have become extinct in Poland over
the last half-century and at least a further 8 % may have
perished as well (Banaszak et al. 2000; Banaszak 2009,
2010). Pollinator counts have also been falling in Western
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Europe (O’Toole 1993; Biesmeijer et al. 2006; Fitzpatrick
et al. 2007). At the same time, the expansion of some species,
which have increased their abundance and/or extended their
ranges, has also been described (Pekkarinen et al. 2000).
However, available data are still insufficient to assess the rate
and magnitude of changes in bees’ natural resources.
Answering these vital questions requires the availability of
reliable documentation of the state of the fauna.

Just like nature conservation in general, the protection of
threatened and useful insects should be based on the
comprehensive determination of their multifaceted char-
acteristics. Any losses that have occurred may only be
assessed against a complete inventory of species.

In spite of its importance, ecologists have not always
appreciated the effects of sampling effort on richness
measures and comparisons. Many authors draw conclu-
sions based on materials obtained from an insufficient
number of samples or, equally importantly, collected only
at particular times within the growing season. In Poland,
bees are active for over 6 months, from late March to mid-
October. Depending on latitude and altitude, this period
can be shorter or longer (Banaszak 1993).

With the growing interest in pollinator conservation, a need
has emerged for a simple, unbiased method to sample local
bee faunas reliably. The major aim of the present study was to
determine a reliable sampling frequency during the growing
season to enable the collection of representative samples
allowing evaluation of bee species diversity in a study area. An
additional objective was to describe the relationship between
sampling frequency and recorded diversity of bees.

Materials and methods
Study area

The study was carried out in the Note¢ River valley in the
Kujawy—Pomerania region, and more specifically, in the vil-
lage of Mate Rudy near Bydgoszcz, Poland. The study site is a
small island of xerothermic vegetation, situated between the
Note¢ and the Bydgoszcz Canal and surrounded by mesic
meadows. It is 120 m wide and 500 m long and has a total area
of approx. 6 ha. A detailed description of the study area, with an
evaluation of the plant cover, can be found in Krasicka-Kor-
czynska and Korczynski (2003) and Banaszak et al. (2014).

Bee sampling

Bees were collected in 2004, 2005 and 2007. In the first
year of the study, the site was visited only in August and
September (every 2 weeks). In 2005 and 2007, field trips
were conducted throughout the growing season, i.e. from
March or April to September, usually at weekly intervals
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(18 trips in 2005, 25 trips in 2007). Bees were captured into
an insect net under conditions favouring their activity
(>20 °C). An investigator would walk randomly within the
study site over a set period (1.5 h) and use an insect net to
capture any bees he/she saw. Protected species, such as
bumblebees, were not captured, while those present in very
large numbers, mostly colony-forming species, were
caught on a limited scale. The captured individuals were
subsequently identified to species in the laboratory.

For the phenological analyses of bee communities, the
division proposed by Banaszak (1989) was used. This
division distinguishes three phenological periods in bee
activity in the Central Polish Lowlands: spring (late
March—early June), spring-summer transition (mid-June—
early July) and summer (mid-July—end of growing season).

Data analysis

The actual number of species that could be identified within
the site was calculated using the Chao2 simple estimator
(Chao 1984). The estimator is based on the number of
species noted only in one sample (uniques) or two samples
(duplicates). The estimator works well for data where most
species diversity information is concentrated in low-fre-
quency classes, e.g. in collections with a predominance of
rare species. Information on the number of undetected spe-
cies in a collection allows determination of the degree of
representativeness of the materials and its informative value.
A procedure proposed by Chao et al. (2009) serves to esti-
mate how many samples/individuals need to be captured to
yield the total number of species estimated for a collection.
Spreadsheet makro supplemented by Chao et al. (2009) was
used to construct a species accumulation curve (Gotelli and
Colwell 2001) and calculate the number of samples or
individuals that need to be collected to ensure 95 and 100 %
representativeness of the collection.

The material, comprising 45 samples collected at a rate
of four times per month, was divided into two subsets to
simulate different sampling frequencies: 24 samples col-
lected twice a month and 12 samples collected once a
month. The number of species identified, Chao2-estimated
number of species and the analytical estimator of rarefac-
tion curves MaoTau were calculated for both subsets using
EstimateS software (Colwell 2013).

Results

Sampling effort necessary for detecting 95 and 100 %
of all species

We collected a total of 1,244 individuals of 108 species.
The species accumulation curve (Fig. 1) was still rising at
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Table 1 Percentage estimates for the 45 samples collected in 2005
and 2007 and for different sampling frequencies in comparison to the
estimated total species number

Sampling Species % of recorded % of estimated
frequency richness  number of number of
(2005 + 2007) S) species species

(45) nearly weekly 108 100 76

(24) 2x monthly 93 86.1 65.5

(12) 1x monthly 73 67.5 51.4

Maximum number of recorded species = 108; estimated number of
species = 142

1,244 individuals collected, which means that it was not the
total species number that could be expected. The expected
species richness based on the Chao2 estimator was 142
(95 % CI 121, 195). Thus the actual species number at the
study site accounted for 76 % of that value. The slope of
the curve suggests a relatively high diversity and evenness
of the site.

Bee sampling conducted once a month (12 samples)
throughout the period of activity of bees yielded 73 bee
species, accounting for 51.4 % of the estimated number of
bee species in the study area. Twice-monthly sampling (24
samples) yielded 93 bee species, or 65.5 % of the estimated
bee species number. Finally, sampling at a frequency of
nearly four times a month (45 samples) yielded 108 bee
species, or 76 % of the estimated total number (Table 1;
Fig. 2). The samples collected over 2 years were also
analysed with regard to the number of species recorded in
individual seasons in order to determine the average con-
tribution of one season to the estimated total number of
species. The following percentages of the total estimated
species number were obtained in the years 2005 and 2007,
respectively: 61.4 and 53.1 % (mean: 57.2 %) for the
sampling frequency of four times a month; 51.0 and
43.4 % (mean: 42.7 %) for twice-monthly sampling; and
42.1 and 30.3 % (mean: 36.2) for monthly sampling. None

Number of individuals

M 1 x monthly
[0 2 x monthly
M 4 x monthly

2005 2007 2005+2007

Fig. 2 Number of species identified as percentages of estimated
number of species

of these values of the number of individuals or species
ensured a satisfactory degree of representativeness.

These results show that in order to identify 95 % of all
species, 2,990 more individuals or 83 additional samples
would need to be collected. In order to identify all species
present in the study area, 11,576 more individuals or 337
more samples should be collected (Fig. 1). However, such
a high sampling effort would certainly have a negative
effect on the local bee communities.

Phenological adjustment to determining sampling times

An insight into the phenology of the animal group of
interest is also vital in sampling. In the case of bees, early
spring (from mid-April to mid-May) and summer (July and
early August) are particularly important as these are the
times of the highest species diversity among bees.
Accordingly, increased sampling frequency in these two
periods, when bee communities are richest in species and
individuals, will result in capturing a higher number of
species (Figs. 3, 4).
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Discussion

shows that the identification of all bee species inhabiting a
study area is very difficult, time-consuming and uneco-

As expected, increasing the sample size results in collec-
tion of a greater proportion of the community. Our study
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nomical in practice. This seems to be the general pattern in
entomological studies (Zmihorski et al. 2012; Novotny and
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Basset 2000; Chao et al. 2009). However, sampling at a
frequency of nearly four times a month yielded 108 bee
species, i.e. 76 % of the estimated species number (Fig. 2)
and such a sample can be considered representative. In
faunal studies of Apoidea, representativeness of a collec-
tion rarely exceeds 70 % (Williams et al. 2001).

Thus the present study demonstrates that the collection
of representative material would require bee sampling from
late March to September every 7-10 days. This level of
sampling frequency should be maintained particularly in
spring (from April to mid-May) and in July, when bee
diversity and density reach a peak. Bee fauna is subject to
change during the growing season. Early bees appear in
late March or early April. The successive appearance and
co-occurrence of particular species following changes in
plant communities is a sign of seasonality of bee occur-
rence. Two distinct seasons—spring and summer—are
separated by a transitory spring—summer period (mid-June—
early July), when bee density and diversity are lower. The
richest season is summer, with a peak starting in mid-July
(Banaszak 1989). A high degree of trophic specialisation of
certain species or higher taxa means that their appearance
is related to the blooming of relevant bee forage plants. As
a result, differences in timing of appearance are seen even
at the family level (Banaszak 1993). The beginning of the
flight season of oligotrophic species, which feed on the
flowers of related species, coincides with the blooming of
these host plants and ends when their blooming is over
(Linsley 1958).

High-frequency sampling throughout the growing sea-
son is particularly important for the identification of rare
species that are present in low numbers or are active over
short periods. There is little likelihood that such species
can be found when sampling is conducted once a month or
even less frequently. Considering the duration of the flight
period, bee species may be divided into a number of cat-
egories: (1) species with short periods of activity (approx.
1.5-2 months) in various parts of the growing season in the
spring or summer; (2) species present for most of the
growing season or during the entire period from spring to
autumn (mainly social species); and (3) species occurring
in two generations, such as many Andrena and Nomada
(Banaszak 1993). Thus, a sampling effort excluding April,
for example, would yield a species list with many spring
species missing.

Research on the fauna of an area should also be con-
ducted over at least two growing seasons. Individual years
may differ in, for example, weather conditions, which may
affect the occurrence of bees. The pattern of appearance of
some species is also irregular over the years, with massive
appearance in 1 year and sporadic presence in another
(Banaszak et al. in press). Two-year sampling increases the
probability of recording such species.

Changes in bee fauna, such as the disappearance of
certain species or increasing abundance of others, are very
important at present. The apidological (mellitological) lit-
erature contains many works on faunal changes (e.g. Col-
lins 1987; Collins and Weels 1987; Gauld et al. 1990; Day
1991; O’Toole 1993, 1994; Williams 1982, 1986; Rasmont
et al. 1993; Pekkarinen 1999; Banaszak 1997, 2005, 2010;
Banaszak et al. 2003; Goulson et al. 2005, 2008). The
common belief that pollinating insects are facing problems
(Allen-Wardell et al. 1998; Kearns et al. 1998) also
prompts detailed studies of the bee fauna in order to track
on-going changes. Comparisons of data from one study
with findings from other areas and other periods are reli-
able only if sampling is carried out at an appropriate fre-
quency, so that representative materials are obtained.
Published studies vary considerably in duration, collecting
intensity, and protocol. Nowadays we can find many
studies where sampling is conducted once a month or even
less frequently and for one season only (Mandelik et al.
2012). In case of other studies when we have only infor-
mation about the sampling intensity we may only speculate
about the impact of sampling intensity on the number of
bee species recorded from the study area. According to our
researches the rare species that are present in low numbers
or are active over short periods are most likely missing in
the collected material. What is more we cannot be sure how
to explain the lack of those species—as the absence of
those species in the study area or the absence in our
material only. That is why data from fragmentary studies
cannot serve as a basis for further faunal research. More-
over, they may lead to erroneous conclusions, underesti-
mating species diversity in the study area.

The methods always depend on the aim of a study. More
limited sampling, not aimed at achieving a complete spe-
cies list for a site, can be useful in a comparative study
though. In this case we should remember about the stan-
dardising the sampling techniques during the study. How-
ever, even in comparative studies, bee sampling should be
conducted at least once a month throughout the period of
bees activity.

Conclusion

In faunal studies the collection of representative material
would require bee sampling from late March to September
every 7-10 days. This level of sampling frequency should
be maintained particularly in spring (ranging between April
and mid-May) and in July, when bee diversity and density
reach their peak.

In comparative, ecological studies we recommend that
bee sampling should be conducted at least once a month
from April to August.
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