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Summary

On the basis of flower density and effectiveness of the honeybee potential number of
colonies required for poIlination of natural and seminatural plant communities was
estimated. lt was caJculated that coniferous forests, deciduous forests and open areas with
swards during fulI bloom require visits and pollination by about 6 miIlion honeybee
colonies. This number is divided respectively into 1.1 million for coniferous forests, 0.09
million for deciduous forests and 4.7 million for meadows and pastures, and 0.06 miIJion
for xerothennic swards. Polish agriculture requires visits of at least 1.5 mi1lion honeybee
colonies.

Keywords: honeybee, bee colonies, Apis mellifera, flower density, effectiveness ofbees,
pollination, coniferous forests, deciduous forests, swards.

INTRODUCTION

One of the leading concerns in Polish apiculture literature of the 1990s is
the severe drop in the num ber of honeybee colonies and concern for plant
pollination (Pidek 1991,1992,1996, Sęczyk 1998,1999, Winiarski
1998, W o y k e 1998, N o g a l 1999, W a cł a wek 2000, W i l d e 2000). In
the decade between 1985 and 1995 the num ber of bee colonies in Poland
decreased from 2.6 million to l million. At the end of 1998 the number of
registered colonies was only 790,000, and the number of apiarists had dropped
to 48,000 (in 1987 there were 227,000 apiarists). Earlier, such a drastic drop in
the number of honeybees occurred only during World War II. Such a situation
poses the problem of crop plant pollination, particularly in orchards and
vegetable gardens. It is commonly believed that pollinating insects, and
particularly honey bees, give a twenty times higher income in seeds and fruit
than in apiary products and honey. Research proves that the optimum number
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of bee colonies in Poland which should not be exceeded without damage to
agriculture is about 1.7 million colonies (B o r n u s , after A l b i g o w s k i
1995). However, there is no problem with honey and other products. In the
present free market economy, our country is being flooded with cheaper honey
from Asia, although of not very high quality.

The needs of agriculture for bee colonies in Poland highly exceed the
number of apiaries, particularly during fuli bloom of fruit trees and rape.
According to statistics there are about 800,000 ha of orchards and rape fields
in Poland. Assuming that for pollination of lha of each crop plant two bee
colonies are required, the potential needs exceed 1.5 honeybee colonies.

So far the evaluation of the role of pollinating bees has referred only to
cropland, orchards and vegetable gardens. The literature conceming this
problem is quite extensive, but in the case of the specific value of honeybee
activity, or of other representatives of Apoidea, one may face difficulties.

However, one may raise the issue of the role of honeybees in the
pollination of natural and seminatural plant communities, and the difficulty of
evaluating the possible ecological consequences of the highly limited
pollinating activity of this species in recent years. It seems that a certain
attempt in that respect is an evaluation of the flow resources of the natural
environment and the need of entomogamous plants for the pollinating activity
of the honeybee. This problem is discussed in this article. The phrase 'need of
plants' is understood when we talk about crop plants, whereas we understand
that when used in reference to natural and seminatural communities, we
anthropomorphise the issue. However, this convenient shortcut refers both to
potential flow resources of bees, and the number of bee colonies which can
sustain these resources.

We would like to express our gratitude to Professor Bolesław Jabłoński of
Institute of Pomology and Floriculture, Bee Department, Pulawy for detailed
reading of the manuscript and exeeptionally valuable remarks and additions to
this article, due to which we managed to escape many mistakes.

METHODOLOGY
In Poland, the basie types of natural and seminatural plant communities

are coniferous and deciduous forests, as well as sward communities, so-called
marginal communities, such as roadsides, balks and other barrens. The forests,
which are dominant, at present cover about 28% of Poland' s territory. The
main forest-forming species are anemophilous (which do not require
pollinating insects), such as: pine, spruce, fir, larch, alder, ash, elm, birch,
aspen, oak, hombeam and beech. The anemophilous brushes are hazel, juniper
and yew. Plants requiring pollination in forests are limited to undergrowth and
underwood.

160



However, open environments, overgrown with different types of herbage,
are difficult to evaluate. Year-books list areas of varied degrees of land use,
also inc1uding areas covered with herbage. The given acreage comprise
different plant communities in the type of swards, meadows, etc. together with
some elements of industrial areas. Owing to this, the evaluation of
entomogamous plant resources must be of an approximate character.

Taking into account the number of flowers developed in a given area of
the basie types of ecosystems in Poland, as well as the honeybee effectiveness,
the needs of different ecosystems for honeybee pollination to guarantee plant
reproduction and seed yielding were estimated. Due to the fact that the
problem of pollination of wild growing plants is not widely recognised, we
can estimate such needs of these ecosystems for honeybee pollination only
approximately.

To eonduet these estimates, the following parameters were used: number
offlowers, working time ofbees and their effectiveness, the number ofworker
bees on flowers and the number of days of pollination ("tlights days").

For number of flowers in the given area in main types of forest habitats,
meadow and sward ecosystems the main sources of information were the
works of K. S z k Ia n o w s k a (1973, 1979), who described the nectar flows
of different types of forests in Poland, and the work of E. B a r t y ś (1999),
who determined the flow base for xerothermic meadows and swards. The
extrapolation of the data for 8 basie types of forest habitats comprised, in our
estimate, 80% of Polish forests (data for oak-hornbeam forest and
thermophilous oak forest were averaged because the available data refers only
to the area of these two forest types together). The estimate did not comprise
mountain forests and some small areas of habitat types, such as floodplain
forest and alder swamp. The data referring nec tar supply of meadows and
swards were modified. The numbers of flowers developed in l m2 of meadows
and swards given by B a r t y ś (1999) refer to very prolific and/or rich in flora
communities and these data cannot be representative for the majority of
meadows and pastures, as well as poor swards in e.g. residential districts,
roadsides, etc .. Due to this, the den sity of flowers for l m2 given by B a r t y ś
(1999) was diminished ten times. The flower density obtained this way are,
according to the authors, closer to the average values observed in the
researched environments. The data modified this was used to estimate the
needs for honeybee pollination with reference to meadows, pastures, roads,
residential areas and barren land. The data of meadow blooming intensity were
also extrapolated for pastures, whereas in the case of barrens, roads and
residential areas, it was assumed that they are overgrown with plants similar to
xerothermic swards.

Working time of bees is the number of hours during the day when bees
visit flowers. In Poland bees' working time during the day changes with the
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seasons of the year. According to literature and oral information
(W ó j t o w s ki, M ł Yn i e c 1964, D YI e w s k a et al. 1970, A n a s i e w i c z
1972, Z ió ł k o w s k i l 9 7 9, J a b ł o ń s k i l 9 7 5, B i l i ń s k i
1977, Bornus et al. 1976, personal communication of
Professor Jabłoński) (TabIes 1,2,3) we accepted the
f o II o w i n g n u m b e r o f fI i g h t h o u r s d u r i n g t h e d a y: April-4
hours, May - 7 hours, June - 10 hours, July - 10 hours August - 8 hours,
September - 10 hours (Tables 1,2,3).

Effectiveness of bees is the number of flowers visited and pollinated by a
worker honeybee in a definite time (e.g. l minute). As an initial value for
calculation, an average number of different family plants visited within a
minute was accepted (Tables 1,2,3) (Ziółkowski 1979, Wójtowski,
Młyniec 1964, Jabłoński 1975, Dylewska et al. 1970,
Anasiewicz 1972,Biliński 1977,Bornus et al. 1976).

The number of worker bees on tlowers is the number of worker bees
coming from one colony working at a given moment on flowers. It does not
include worker bees on the way to collect the nectar flow and retuming to the
beehive or bringing the flow to the beehive. The size of bee family is changing
gradually during the season, reaching its maximum in the second part of July,
and then the number of worker bees is gradually getting smaller (G r o m i s z
1998). Due to thus, different numbers of worker bees working on flowers in
consecutive months were accepted. In the theses on appletree crop yield it is
estimated that in the spring an average bee colony placed in the vicinity of an
orchard provides 3,000 worker bees working simultaneously on flowers
(B o r n u s et al. 1976). Due to the fact that flight over wild plants in forests
and swards usually involves a much longer distance to the yield and additional
time to search scattered plants, in these calculations it was assumed that in
spring (April) one colony provides 500 worker bees working at a given
moment on flowers. In the following months, taking into consideration the
increase in development, we accepted the following num bers of bees working
on flowers: May - 1500, June - 2500, July - 3500, August - 3000, September
-2000.

The number of days of poIlination ("tlights days") - these are days
when weather conditions make it possible for bees to visit flowers. The main
obstacles to flight are cold and rainy days. In the vegetation period in lowland
Poland there are usually 8.8 days per month with precipitation above lmm (an
average between 1951 and 1990 provided orally by Professor J.
T a m u l e w i c z, UAM, Poznań). The remaining days in the month were the
number of days when flight was possible.

These parameters served to estimate the number of bee colonies required
for the pollination of undergrowth and underwood of main forest habitat types
in Poland in the consecutive months ofthe vegetation period (TabIes 1,2).
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Tabela la.

The num ber of bee colonies sustainable in Poland, estimated on the basis
of potential nectar tlow in coniferous forests - Liczba rodzin pszczelich

możliwych do utrzymania w Polsce, oszacowana na podstawie potencjalnych
zasobów pożytkowych borów

Parameters Tyoe ot torest habitat- T i lasu-------- .._._-----
Uwzolednione oarametrv SW'm torest - Rńr h;.niAnnv Mix.' for ast - Rór mi ",anv

Mnnth - Mi""i'o IV V VI VII VIII IX IV V VI VII VIII IX

INumber olllower (million, ind./ha) 0.00 56.41 55.25 3.81 3.30 2.80 0.19 36.83 20.66 1.83 0.00 0.00
~:.!!wiatów (mln sztJha-L __ ._._ .._.- 1---- __ o -- __ o

Time work of bees h1day 4 7 10 10 8 7 4 7 10 10 8 7, oracv nszczół laodz.ldzieńl

jElfectiveness of bees (flowers/minute) 8.3 8.3',Wvdainość oracv oszczół Ikwiatów/minl
Number of working bees/colony 500 1500 2500 3500 3000 2000 500 1500 2500 3500 3000 2000

iczba cracułacvcf 7hi r
Number of flowers pollinated by one
colony during the day (millions) 1.00 5.23 12.45 17.43 11.95 6.97 1.00 5.23 12.45 17.43 11.95 6.97
Liczba kwiatów zapylonych przez
tf!!0zj.oll.w ciagu dnia (mln) ._- .- -_ .... _-
,Days ol pollination 21.2 22.8 21.2 22.8 22.8 21.2 21.2 22.8 21.2 22.8 22.8 21.2
iUr.zh. rlni zaevtana

INumber ot colonies required for
pollination ol l ha 0.000 0.473 0.209 0.010 0.012 0.019 0.009 0.309 0.078 0.005 0.000 0.000
~~!la rodzin potrzebna do zapvlenia j ha

IACreage in Poland (ha) 35503 1863965pJ!Wl§.r;zchnia w Polsce .._____ ..

575.82 145.89r~~~

._-
IRequired number of bee colonies (in
thousands) - Wymagana liczba rodzin 0,00 16,80 7,43 0,34 0,43 0,67 16.46 0.00 0,00

szczęuch Iw tvs. I....... " -- - 0-- - "

Tabela Ib.
Parameters TVM et torest hahit.t - Ivo siedliskówv IaSIl

Uwzględnione parametry Fresh lorest - Bór świeży Dr. forest - Bór suchv
Month - Miesiac IV V VI VII VIII IX IV V VI VII VIII IX

iNumber ol flower (million, ind,/ha) 0,00 24,30 2,49 1.39 0,69 0.00 0,57 10,40 9.04 0.36 38,89 12.96iLiczba kwiatów Imln szt,/ha)

Time work of bees h/day 4 7 10 10 8 7 4 7 10 10 8 7 I
,1~m.Q[~CYl!s.mgHQQlIUJ!l.~ ___ .. ---~---- ._--~-- -_.--- _.- .. _._- ._---- .-. - .- -~--- -_.-
IElfectiveness ol bees (flowers/minute) 8.3 8.3:IWv~.inn~Ć nracv pszczól (kwiatów/min)

iNumber ol working bees/colony 500 1500 2500 3500 3000 2000 500 1500 2500 3500 3000 2000
Liczba oraculacvch 7bi'raczeklrn~7in'

INumber ol flowers pollinaled by one colony
!dUring tne day (millions) 1.00 5,23 12.45 17,43 11,95 6,97 1,00 5,23 12,45 17,43 11,95 6.97
Liczba kwiatów zapylonych przez
rodzine w etanu dnia Imln)
Days of pollinalion 21.2 22,8 21.2 22,8 22.8 21,2 21,2 22,8 21,2 22.8 22.8 21.2I!I i07ha ~ni zaovtana

'Number ol colonies required for pollination
!ot lha 0,000 0.204 0,009 0,003 0.003 0,000 0,027 0.087 0,034 0.001 0.143 0.088
~I iczba rodzin potrzebna do zaovlenia l ha

iAcreage in Poland (ha) 2608394 109 200
[Powierzchnia w Polsce

[ReqUired number of bee colonies (in l I

ithousands) - Wymagana liczba rodzin 0,00 531.56 24.65 9.11 6.65 0,00 2,96 9,5313.74 0.10 15.59 9.5SI
[oszczelich Iw tvs.)
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Tabela le.
-- -- -- _ .. . ..

Parameter.; Type olIorest habitat· Typ siedliskowy lasu

Uwzględnione parametry Fir lorest· BOr jodłowy

___ ~ __ ._.~Il!h_·_~iesiąc _______ IV V VI VII VIII IX- .... .. -- f---. 1-.__ '

Number ol flower (million. ind.Jha) 0.00 20.13 3.95 0.00 0.00 0.00Liczba kwiatów (mln szt./ha)

, Time war!< ol bees hlday
4 7 10 10 8 7Czas pracy pszczół (godz./dzień)

, Eflectiveness ol bees (1Iowers/minute)
8.3Wydajność pracy pszczół (kwiatów/min)

Number ol wor!<ing bees/colony I
500 1500 I 2500 3500 3000 2000Liczba praCIJjących zbieraczek/rodzinę I

Number ot ftowers pollinated by one colony during !he day (millions) 1.00 5.23 12.45 17.43 11.95 6.97
,:!czba~.ia~ó~ ..~ylonych p.~ez rodzinę w ciągu dnia (~ . ...- _ .._._- .-
Oays ol pollination 21.2 22.8 21.2 22.8 22.8 21.2
Liczba dni zapylania

Number ol colonies required lor pollination ol 1ha 0.000 0.16910.015 0.000 0.000 0.000
Liczba rodzin potrzebna do zapylenia 1 ha

____ o_o •• _ •• _... _ ••• --L__ . _._-~._-- ....._._. __ ..__ ._._._---- ...•...•.... _--_ ..-
Acreage in Poland (ha) 9504Powierzchnia w Polsce

Required num ber ol bee colonies (in thousands) 0.00 1.60 0.14 0.00 0.00 0.00Wymagana liczba rodzin pszczelich (w tys.)

Tabela 2.
The num ber of bee colonies sustainable in Poland, estimated on the basis
of potential nectar flow in deciduous forests - Liczba rodzin pszczelich

możliwych do utrzymania w Polsce, oszacowana na podstawie potencjalnych
zasobów pożytkowych borów

I Tv"" of torest habitat· T

I Parameter.; Dak and hornbeam lorest

Uwzględnione parametry Hornbeam and beech lorest + thermophilous oak lorest
Grąd bukowo·grabowy Grąd dębowo-grabowy

+tw'd"

Unnlh - miesiac IV V VI VII VIII IX IV V VI VII VIII IX
INumber ol IIOwer

1.99 7.25 0.86 0.00 0.00 0.27 1.02 0.00 0.00,(million. ind./ha) 0.00 4.92 0.00
~ ..kwiatów (m.!!!.WJ!!aL _____ .
lima war!< ol bees hlday

4 7 10 10 8 7 4 7 10 10 8 7Iczas OIllCY . ń\

Eflectiveness ol bees (ftowers/minute)
8.3 8.3. . ',1

Number ol wor!<ing bees/colony
500 1500 2500 3500 3000 2000 500 1500 2500 3500 3000 2000Liclba. Dracujacych zbieraczek/ro!lli!!L.... __ - ..

Number ol flower.; pollinated by one calony
during !he day (mUlions) - Liczba kwiatów 1.00 5.23 12.45 17.43 11.95 6.97 1.00 5.23 '12.45 17.43 11.95 6.97

',Imlnl

Oays ol pollination 21.2 22.8 21.2 22.8 22.8 21.2 21.2 22.8 21.2 22.8 22.8 21.2
•. lini zal!'iłania -----
Number ol colonies required lor pollination ol 1ha 0.094 0.061 0.003 0.000 0.000 0.000 0.013 0.041 0.004 0.000 0.000 0.000jgbjJodzin Dotrzebna do zapYlenia l ha.; .. "-'--- ._- -_._~- .

Acreage in Poland (ha)
237281 1834148

Required number ol bee calonies (in thousands)
22.33 14.42 o.n 0.00 0.00 0.00 23.67 75.65 7.09 0.00 0.00 0.00liczba rodzin DS.Zczolich Iw M. \
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Tabela 3.

The number of bee colonies sustainable in Poland, estimated on the basis of
potential nectar flow in the main types of swards ecosystems - Liczba rodzin

pszczelich możliwych do utrzymania w Polsce, oszacowana na podstawie
potencjalnych zasobów pożytkowych borów

--

Parameters Type olIorest habitat- Typ zbiorowiska roślinnego

Uwzgl,dnione parametry Meadows and pastures· Łąki i pastwiska Xerolhermic swards· Murawy kserotermiczne

Monlh • Miesiolc IV V VI VII VIII IX IV V VI VII VIII IX

Number ol flower
(million. indJha) 13.20 134.77 182.69 119.04 79.61 3.09 0.00 5.18 21.80 20.16 0.10 0.03
Liczba kwiatów (mln
sztJha)

lime work ol bees h/day
,Czas pracy pszczół 4 7 10 10 8 7 4 7 10 10 8 7
I(godz./dzień)

Ellectiveness ol bees
("owers/minute) 8.3 8.3
Wydajność pracy pszczół
(kwiatów/min.)

Number ot working
beeslcolony 500 1500 2500 3500 3000 2000 500 1500 2500 3500 3000 2000
liczba pracujących
~ieraczełcl!odZinę

Number ol flowers
pollinaled by one colony
during !he day (millions) 1.00 5.23 12.45 17.43 11.95 6.97 1.00 5.23 12.45 17.43 11.95 6.97
Liczba kwiatów
zapylonych przez rodzinę
w ci~gu dnia (mln) f--- .- ....._--------
Days ot poUination 21.2 22.8 21.2 22.8 22.8 21.2 21.2 22.8 21.2 22.8 22.8 21.2
Liczba dni zapylania

Number ol colonies
required tor pollination ol
lha 0.625 1.113 0.692 0.300 0.292 0.021 0.000 0.043 0.083 0.051 0.000 0.000
Liczba rodzin potrzebna
~zapylenia l ha

Acreage in Poland (ha) 4118229 1558671
Powierzchnia w Polsce

Required number ot bee
coionies (in thousands) 2574.48 4655.47 2850.45 1233.59 1203.04 86.12 0.00 67.75 128.76 79.09 0.57 0.35Wymagana liczba rodzin
pszczelich (w tys.)
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Tabela 4.

Overall num ber of bee colonies sustainable in Poland estimated on the basis
of potential natural nectar tlow resources - Łączna liczba rodzin pszczelich,
możliwych do utrzymania w Polsce, oszacowana na podstawie potencjalnych

naturalnych zasobów pożytkowych

T I I
---

I
-," ,_.

I
--

Month o Miesiąc IV V VI VII VIII IX

~ Coniferous fores15 o Bory
- -~~~--T~~3~- 181_861-;-;'1;1- ~;~~~-r--~~

Deciduous torests - Lasy
Required number of bee - - -:;;'~0~--1- ~o-:;;-;------r--~~~-T---o~;-- --T~~~--r-~:~~---

Icolonies (in thousand)
Xerothermic swards in roadsides. residential areas and barrensIWymagana liczba rodzin

pszczelich (w tys_) ,--- Mura~rot8rmiczne na terenach komunikacyjnych, osiedlowych i nieużytkach
-ooo--~~~I-- 128.76 - T--;9~09 cT--057-T-~--

Meadows and pastures o ~ki i pastwiska
--;;744~-r--:;-;;;;~'--;- 979_;~-l~-;~2~;----'r-~-2~3~~-l--;~;----

Total- Suma I 2639.91 I fi 016.35 i 3297.69 I 1409.89 I 1226.84 I 97.07--

Table 5.
Examples of beecolonies (bee trees) in beekeepers' forests in Poland between

the 16th and the 18th centuries (according to W rób l e w s k i 1998)
Przykłady liczby rodzin pszczelich (barci) w borach bartnych na terenie Polski

w XVI-XVIII wieku (wg W rób l e w s k i e g o, 1998)
,--- -- - - --- --.- -

..._.
I ,

Number of bee trees
Beekeepers' forests • Bory bartne Periods o Okresy I Liczba barci (rodzin pszczelich)

! Kamieniecka Forest (present day neighbourhood of Kamieńczyk) mid·19th century I
- Puszcza Kamieniecka (dzisiaj okolice Kamieńczyka) Polowa XVI w_ i 950

: Tucholski Forest o Bory TuchOlskie tilll772 I 20,000
Do roku 1772 I ,I

Cz/uchowski Forest o Bory Cz/uchowskie
_ ~~~::;i;7~7_~2 __ I_____~~~00 __ 0____ 0_1._ ..__ ._-._--- .." .,.,---- •....._--- "._--- .._----- ---_ ...iThe river basins of Narew, Bug and San 16th o 18th i several thousands in a beekepers' forest '

~of!ecze_ ~arwi,.!I1Jgu, ~,!u _______ ._--_."---- '._- _ ___________+___~kilk! tysięcy ~Ias bart.!!L __

, The farmer province of Warsaw (Kamieniec County)
1565 I 900

i Dawne województwo warszawski (starostwo kamienieckie) I

Parczewo County o Starostwo parczewskie 1564 I 700 busy o 1000 empty
700 zajętych' 1000 opuszczonych

Similarly, that is, using the above parameters, the need for honeybees in
open habitats was estimated, while the first indicator (the num ber of tlowers in
the given area) was established with the help of Bartyś' thesis (1999), which
referred to meadows and swards. Extrapolation of these data onto various
plant communities found in open areas is an obvious approximation. We need
to explain the general area of open spaces which we had chosen, which
included the following habitats listed in geodetic surveys and year-books as
types of land use: meadows, pastures, roads, residential areas, barrens, and
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other areas. In the case of meadows, pastures and barrens, the whole area was
accepted as covered by herbage. In the case of roads, we accepted that
roadsides constitute 1/3 oftheir area. However, residential areas are covered to
1/2 by different types of sward vegetation (Table 2). This area, covered with
herbage, covers about 4.4% ofPoland's territory, namely 5.8 million ha.

RESULTS
Coniferous forest habitats. According to the data conceming the nectar

flow stock of coniferous forests, the need for pollinating bees in the five
habitat types of these forests, that is: humid (Vaccinio uliginosi-Pinetum),
mixed (Pino-Quercetum), fresh iPeucedano-Pinetum typicum), dry
tPeucedano-Plnetum cladonietosum) and fir (Abietetum polonicum)
coniferous forest, was estimated. These forest types cover an area of 4,626,566
ha, accounting for 87.2% of coniferous forest area in Poland. One needs to
remember that blooming intensity in forest ecosystems is not stable in the
season, with the blooming peak in May and June in all types of coniferous
forests (Table l). Owing to this, the need for pollinating insects is highest at
that time and in the case of Apis mellifera it equals 1.1 milłion colonies in May
and about 181,000 in June. As is shown in Table l, the most attractive for bees
are the mixed and fresh coniferous forests, with each of them requiring flights
of over 500,000 bee colonies at the peak ofthe blooming season.

Deciduous forest habitats. In the case of deciduous forests, three habitat
types were considered: hombeam and beech forest, oak and beech forest and
thermophilous oak forest, accounting for 2,071,429 ha in Poland, which is
67.1 % of deciduous forests. The oak-hornbeam forest herbage blooms earlier,
yielding the first honey flow in April, although the blooming peak takes place
in May. Then, the most attractive for bees are oak and hombeam forests and
thermophilous oak forests (Table 2). As early as May, wet-ground forests
potentially require the flight of 90,000 bee colonies (Table 4).

All together, about 6.7 mi1lion ha offorests in Poland can be pollinated by
65,000 (April) to 1.2 mi1lion colonies (May).

Extrapolating the results onto the remaining, not estimated, 20% of forest
area, the number of bee colonies required for pollinating forest communities in
Poland should be expanded by 245,000 (May). The overall number of bee
colonies necessary for pollination of wild growing plants in forest ecosystems
amounts to 1.4 mi1lion in May.

One needs to emphasize that the conducted estimates referred only to the
lower forest layer, and out of stem nec essity the tree crown layer was omitted,
where bees also find pollen and nectar.
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Open areas, overgrown with swards blooming intensively throughout
most of the vegetation period, require, in contrast to forests, many more bee
visits,

Xerothermic swards in roadsides, residential areas and barrens require
pollination by about 130,000 bee colonies in June and respectively fewer in
other months, as illustrated in Table 4.

The habitats of hay-growing meadows and pastures are specific areas. On
the one hand we find multitudes of blossoming plants, rare elsewhere, which
can be compared only to entomogamous plantations; on the other hand,
however, bees have access to these plants only during a very short time due to
hay cutting or grazing of animals. Successful pollination of meadow and
pasture plants in the blooming peak (May and June) would require visits from
4.7 (May) to 3.0 million bee colonies.

DISCUSSION

One should remember that the presented data referring to the nectar flow
of forests and open areas in Poland are only approximations. The evaluation is
not simple and it is difficult to present by means of one average of the whole
vegetation period, due to the changeability in blooming of successive plants.
This results in enormous changes in the state of nectar flow and consequently
in the needs for bee pollination. Estimates prove that in the blooming peaks
(May) naturai and seminatural communities may require as many as 6 million
bee colonies for pollination, with equally high demands in April and June
(Table 4). These imprecise results also give a certain view of the food
resources of pollinating insects. Suffice it to say that pollination of only the
main crop plants requires 1.5 million bee colonies. W. R a w s k i (1947),
estimating the requirements for pollinating bees, proved that the whole of the
naturai environment in Poland may sustain from 12 to 13 million honeybee
colonies. Rawski took into account annual nectar flow of cropland, field
weeds, trees, shrubs, forest herbage, riverbanks and others.

The real economic value of pollination is illustrated by the research of
B a n a s z a k and C i e r z n i ak (1995), who evaluated the economic effect of
pollination of several crop plants by honeybee and wild bees. They proved that
the overall economic effect of pollination of 5 plants (luceme, red clover,
winter rape, buckwheat, apple-tree) equals from 60 to 340 million dollars
(1995 prices). The worth of crops, gained due to honeybee activity, gives from
40 to 300 million dollars, whereas wild bees contribute to 18-30 million
dollars' worth of crops.

There appears a question of ecological consequences resulting from the
honeybee scarcity as a pollinating factor with reference to the problem of
reproductive success of wild plants, the decrease in yielding and consequently

168



a decrease in food supply for numerous wild herbivores. This issue requires
detailed research.

History proves that the honeybee has been systematically taken out of
forest habitats for at least the last 300 years in Poland. Consequently, a new
situation resulted: forests were deprived of their natural and prime element,
whereas the honeybee was artificially introduced to open arabie land by
beekeepers. In the 16th century Poland was still considered to be one great
api ary. In Mazovia, Małopolska and Pomerania there were many beekeeping
forests with even up to several thousand bee trees (Table 5). In the old-Polish
lands bee-keeping thrived especially in the basins of the River Bug and the
River Narew, being most popular in the region of Kurpie. In the mid-16th

century the process of the removal of beekeepers by farmers and shepherds
and pushing them into forest enclaves began. One such enclave was
Pomerania, where beekeepers grouped in great numbers, mainly in the
Tucholski Forest and Kaszubia. Prussian authorities, having surveyed the
conquered land of the Tucholski Forest after 1772, decided that the main
occupation of the people was beekeeping. The number of bee trees in the
Tucholski Forest was estimated to be about 20,000, and in Człuchowski
Forest, 4,000! With the onset of Prussian administration, beekeeping in the
region faltered, because apiculture did not go well with forestry. However, in
the mid-19th century there were still dense beekeepers' forests, holding 200 or
more inhabited bee trees (W rób I e w s k i 1991, 1998). Even these
summarised facts prove that the honeybee was a constant and prolific element
of forest fauna in Poland, at least till the 17th century . The decline of forest
beekeeping and the development of homestead apiculture have significantly
changed the structure of pollinating insects inhabiting forests. At that time
there must have been a change, difficult to describe today, in the
entomogamous plant communities of the area. Since the 19th century bees
have been only a temporary and locally limited element of forest community
fauna. The consequences might have moved in two directions, namely: l) a
decrease in the plant diversity, especially herbage; 2) an increase in the
number of solitary bees and bumblebees, due to a drop in the honeybee
population and its competition.

A considerable decrease in honeybee numbers in Poland has become
evident in the last decade, due to a possible drop in plant diversity or
competition with wild insects. However, it must be said that the problem of
food competition between honeybees and wild bees has not been definitely
explained. Most research into the food supply division (sharing food), based
on the observation of visits to flowers and nectar collecting, as well as on
pollen analysis, do not exclude or presume the factor of competition.

The honeybee has always been the main pollinator of many naturally
growing plants. This is supported by modem number evaluation of Apoidea in
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ecosystems of a natural character. The share of Apis mellifera in comparison
to other Apoidea in open sward environments, i.e. roadsides, balks and
xerothermic swards, is up to 50%, whereas in meadows, it reaches even 90%
(Banaszak 1983). In forests, depending on their age, the share of
honeybees varies considerably: from 30% in plantation forests to 3% in
mature forests (Banaszak 1983, Pawlikowski 1985, Banaszak,
Cierzniak 1994, Krzysztofiak 1995). The listed research does not
refer to forests as the honeydew source. The comparison of the numbers of
Apis worker bees caught in traps set up in the herbage layer and in the
deciduous tree crowns in the Wielkopolski National Park indicates an
advantage of tree-tops to the undergrowth in these communities. The presence
of honeydew or oak pollen is of prime importance to Apis in the oak forest. In
this period bees rarely happen to stray to the bottom layer of the forest.
However, in the pine forest the undergrowth with its abundance of heather
blossoms in pads is of crucial value for bees (B a n a s z a k 1998). Since the
honeybee exile, or removal, from the forests, there has been an exceptional
situation, and the above estimations of potential need for pollination of nectar
flow resources prove that forests remain a neglected source of food. A
re-introduction of this species could increase the diversity of forests. Thus this
seems to be an important issue, awaiting a scientific explanation.

CONCLUSION

1. It was estimated that flower vegetation of natural and seminatural plant
communities in Poland (forests, meadows, pastures, swards in residential
districts, nearby roads and waste land) demands honeybee pollination at 2.3
million bee families in April, 6 mi1lion bee families in May, 3.3 million in
June, 1.4 million in July, 1.2 million in August and 0.1 million in
September.

2. Honey bee has been a constant and numerous element of forest fauna in
Poland at least since the 18th century. For the recent 250-300 years honey
bee has been being constantly removed from forest communities. Instead,
honey bee has been introduced into agricultural areas by developing
beekeeping (apiary). Today drastic fall in the number of bee families in
Poland, diminishing the possibility of crop pollination, may lead to hard
consequences for natural and seminatural vegetation and groups of wild
pollinating insects.

3. There is the need for estimation of a) the influence of the fall in the
number of Apis mellifera as the main pollinator in Poland on the diversity
of natural entornogamous plant communities and b) changes in the eontent
and number of wild plant pollinators under the influence of diminishing
competition on the part ofhoney bee.
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PRÓBA OCENY LICZBY RODZIN PSZCZOŁY MIODNEJ
POTRZEBNYCH DO ZAPYLENIA ROŚLIN ZESPOŁÓW

NATURALNYCH W POLSCE

J. Banaszak, T. Cierzniak

Streszczenie

Na podstawie zagęszczenia kwiatów i wydajności zapylania pszczoły miodnej
oszacowano potencjalną liczbę rodzin potrzebnych do zapylania roślin zespołów
naturalnych i zbliżonych do nich w Polsce. Wyliczono, że bory, lasy i obszary otwarte z
roślinnością murawową w okresie optimum kwitnienia roślin (maj) wymagają odwiedzin i
zapylenia przez około 6 mln rodzin pszczoły miodnej, w innych okresach odpowiednio
mniej: w kwietniu - 2,3 mln, w czerwcu - 3,3 mln, w lipcu - 1,4 mln, w sierpniu 1,2 mln,
we wrześniu 0,1 mln. Z liczby 6 mln rodzin pszczelich na bory przypada około 1,1 mln,
lasy - 0,09 mln i na łąki i pastwiska około 4,7 mln, murawy kserotermiczne na przydrożach
i nieużytkach około 0,06 mln. Zapotrzebowanie polskiego rolnictwa dodatkowo wymaga
obecności przynajmniej 1,5 mln rodzin pszczelich.

Słowa kluczowe: pszczoła miodna, rodziny pszczele, Apis mel/ifera, zagęszczenie
kwiatów, wydajność zapylania, bory, lasy, roślinność murawowa.
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