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Abstract

Pollen grains of Apiaceae from the profile at Bigdowo, Mazovia region, Central Poland were identified. Pollen of this
family occurs in higher frequencies in the Late Glacial, the beginning of the Holocene and in the periods under strong
human influence. Transfer of pollen of Apiaceae from plants to lake deposits is different for particular species and de-
pends rather on insect activity during the season as well as on the activity of their predators and/or the oscillation of
animal populations than the selectivity in insect feeding. Different environmental conditions around the sites, which
result in various patterns of transfer agents can cause some difficulties in interpretation of vegetational changes in-

ferred from pollen data.
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INTRODUCTION

Pollen of Apiaceae is a relatively rare guest in palyno-
logical sections as it is produced by insect pollinated plants.
However, in some parts of pollen diagrams these grains are
more common. Their identification, despite the availability
of excellent key (Punt 1984) is not an easy task not only be-
cause of great similarities of pollen types but mainly because
of variation in pollen morphology even within one inflores-
cence. Bupleurum, Pleurospermum, Heracleum, Oenanthe,
Cicuta or Pimpinella are the most often identified pollen
types, relatively easy to determine. However also this rather
well distinguishable pollen may cause problems and false di-
agnoses. Pollen of the last two taxa is characterized by great
variation of shape and exine morphology. Pleurospermum
austriacum known from Pleistocene sections is similar to
some degree with the occurring in Poland Ligusticum mutel-
lina and Meum athamanticum.

[t seems that pollen of insect pollinated plants (including
Apiaceae) are transferred to sediments after consumption by
animals, especially insects, eating pollen and nectar, some-
times even the entire inflorescences (e.g. well known larvae
of Lepidoptera — Papilio machaon). Their faeces can be de-
posited directly into the basin, or through participation of
predators (e.g. swallows), in excrements of which the author
found numerous types of Apiaceae pollen occurring in the
study area, which prove such kind of pollen source in sedi-
ments.

The aim of this study is to determine the character and
dynamics of the Apiaceae occurrence mainly in the Late Gla-

cial and the Holocene sediments based primarily on speci-
mens collected from the earlier examined Bledowo site
(Binkaetal. 1991, Fig. 1), as well as the factors determining
taxonomic composition and fluctuations of pollen content. In
this analysis it is important to trace the route of Apiaceae pol-
len, initially consumed by insects and next transported by
predators until it finally reaches sediments as well as to an-
swer the question whether such consumption of Apiaceae
pollen is of selective character as an effect of differences in
feeding preferences and whether it can result in some selec-
tivity in further pollen transfer.

It is obvious that only a very narrow fragment of the pos-
sible routes of entomophilous pollen can be traced, because
the full list of their consumers is very long. As hoverflies are
considered the main pollen feeders, the feeding preferences
of most common species of this insect group, observed and
caught on flowers of the Apiaceae, were analysed. The other
routes of this pollen dispersal are not a matter of debate in this
study due to the difficulties with collecting the full range of
faeces of higher animals e.g. Odonata, birds or bats. Never-
theless, selected aspects affecting such transfer e.g. fluctua-
tions in their population level and the influence of size of the
foraging area on the pollen deposition are discussed.

A general question arises as to what degree the fluctua-
tions of pollen curves of insect pollinated plants reflect (or do
not) the changes of their contribution in plant communities
and whether this pattern is a result of some persistent balance
between the transfer agents. In other words the increase of
importance of such species in the area surrounding the basin
may not correspond to the rise of pollen curves in the dia-
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Fig. 1. Sites mentioned in the text: 1. Bigdowo, 2. Warsaw, 3.
Gora Kalwaria, 4. Mordy, 5. Bialogéra, 6. Swinna Porgba, 7.
Kalitow, 8. Zakrze, 9. Woskrzenice, 10. Dziewule, 11. Nakto, 12.
Ossowka, 13. Gosciaz, 14. Zarnowiec, 15. Nidzica, 16. Wolin, 17.
Krakow, 18. Przemysl, 19. Czersk, 20. Mielnik, 21. Olsztyn n.
Czgstochowa, 22. Zbdjno.

gram, also the lack or limitations in the transfer agents of
higher rank (a fact which is not hard to imagine), will result in
the relative absence (or small content) of pollen of these
plants in deposits despite their presence in the area. The issue
is whether it is possible to make comparisons between sites,
taking into account the content of entomophilous pollen and
if it is possible to draw any environmental conclusions based
on this kind of data.

MATERIAL AND METHODS

Collection of the reference material
and identification of Apiaceae pollen

Reference material for Apiaceae pollen was removed
from plants growing mostly in Mazovia Lowland, Podlasie
region and Holy Cross Mts. In many cases several samples
from hermaphrodite and male flowers and from the primary,
secondary and tertiary umbels of the individual plants were
picked up.

Fossil pollen was identified using reference collection
for Apiaceae, the available keys (e.g. Punt 1984) and photo-
graphs, as well as on the basis of the author’s own observa-
tion of the morphological features especially of these species
outside the range of “The Northwest European Pollen Flora™.

Faeces collection and laboratory procedures

The sampling area (Fig. 1) included Warsaw (Ochota,
Stuzewiec and Powsin districts) with high level of anthropo-
pressure, the vicinity of Gora Kalwaria (a typical rural envi-
ronment), Bledowo (the transitional area between lake and
cropland), Mazoviaregion, the vicinity of Mordy (croplands,

meadows), Podlasie region and Bialogéra near Leba, Pom-
erania (marginal forest zone and open areas). The full list of
Apiaceae species, on which syrphids were observed and
caught is as follow: Berula erecta, Pastinaca sativa, Cicuta
virosa, Anthriscus sylvestris, Aethusa cynapium, Daucus ca-
rota, Carum carvi, Angelica sylvestris, Angelica archangel-
ica, Aegopodium podagraria, Eryngium planum, Libanotis
pyrenaica, Sium latifolium, Peucedanum oreoselinum, To-
rilis japonica, Chaerophyllum temulum, Ch. aromaticum,
Ch. bulbosum, Heracleum sibiricum, H. sphondylium, Os-
tericum palustre, Pimpinella saxifraga and Selinum carvifo-
lia. Hoverflies were collected at different intervals during the
period from 9" Mai to 10" September. They were collected at
sunny days between 10.00 and 15.00. The insects were held
in closed traps for over 20 hours (a few drops of water were
added to each bottle), and after that time anaesthetized with
CO,. Faeces was transferred into polypropylene test-tube
and treated with standard procedure (acetolyse) using Lyco-
podium tablets as a marker to estimate the pollen concentra-
tion in the faeces.

Pollen from faeces was identified to the type or, if possi-
ble, to a species level. Syrphids were identified using among
others a detailed key of Bantkowska (1963) and keys to some
genera (Veen van M. unpubl.).

RESULTS
Variation in size and shape of Apiaceae pollen

Variation in pollen size in Apiaceae is considerable. Ac-
cording to some authors this variation depends on the floral
type e.g. whether pollen are collected from unisexual (male)
or hermaphrodite (staminate and pistillate) flowers (McKone
and Webb 1988). Andromonoecious, mostly protogynous
species bearing flowers of two types — hermaphrodite and
male — are very common in Apiaceae. A distribution pattern
of these flowers in individual plants and even in single com-
pound umbels is different in particular species of Apiaceae
and may vary in the population depending on local habitat
condition (Knuth 1898). Van der Pluym and Hideux (1977)
observed that the size and to some degree also the shape of
pollen of Eryngium maritimum varied in individual plants ac-
cording to the type of inflorescence (primary, secondary and
tertiary), and related this variation to the different nutrient
supply.

Variation in pollen shape observed in insect faeces and
fossil samples is still more astounding. Most often, a shorten-
ing of the long axis is observed. Also in pollen types with
typically “curved or straight inner contour” (using Punt’s ter-
minology) a straight or distinctly convex contour is some-
times noted in the same species. Therefore sometimes some
grains in reference slides resemble those of Bupleurum type
in outline. These variations are well illustrated in the atlas of
pollen of Europe and North Africa (Reille 1992). Pastinaca
sativa, Torilis nodosa, Cicuta virosa and Selinum carvifolia
pollen grains are the best examples of such variation in shape.

Pollen spectra from insect faeces

The state of pollen preservation after passing through in-
sect guts was very good. Cracked pollen or broken ridges in
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Compositae Liguliflorae pollen were sometimes observed.
Only sporadically grains of Apiaceae were folded in half.
Signs of pseudogermination (Binka 2003) were observed e.g.
in faeces of Episyrphus balteatus feeding on Cicuta virosa.

x 1000

Histogram showing the pollen content in the faeces of 37 individuals of Eristalis arbustorum visiting flowers of Apiaceae members (L.), male (m) 1-26, female (f)

No evidence of endexine destruction was found. U : L P
A total of 183 hoverflies (16 species) feeding on Apia- £ T
ceae were analyzed in respect to pollen content in faeces IS %, g :25
(Figs 2—-6). Most of them are very common species of almost § & 7 > = LA
all habitats (Bankowska, 1980, 1981). In addition, dietary 3 E S
needs of 63 individuals visiting other plants were identified. -‘_£ 9/’6;,(/ e
Faeces of 121 of 183 investigated hoverflies contained pollen © gf,Zfooo L
of such species of Apiaceae on which they were caught (Tab. w0 %ZZ@@O : : M | :
1). Pollen of insect pollinated plants almost exclusively pre- 9‘:@22%011 L :|I foa 1013 1L 3 3|
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when other hoverflies were picked up. /O§00@ @9"%;9 : l' " If 8
Among insect species represented by statistically more %, 261%‘& . L
reliable sample (E. arbustorum —Fig. 2, M. florea—Fig. 3, S. %g%go@ . —
pipiens —Fig. 4, S. stricta— Fig. 5) individual males, on aver- %% . . —
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versified (even within the same species) and depends mostly '/@d‘o@j% F : I : A 8
on the insect size. Small syrphids such as Sphaerophoria %OO‘%;%% I |~
scripta and Syritta pipiens excreted faeces with small portion 0 5. %, 5 it A
of pollen whereas bigger ones — e.g. Eristalis or Myiatropa — %s,;@v [' . I L
have in excrements even up to 3,000,000 pollen in the gut o, @“eg,; : : v i g
(maximum values — females of Eristalis arbustorum — g%o B : : ;W =
3,089,000, 1,299,000 and 1,134,000, male of E. fenax — %;’Z@ : E -
1,093,000, female of E. nemorum — 1,653,000), the values Yoot | : IR
not yet reported from the hoverflies guts. In most cases the &9’/@?& A 4 i (o
number oscillates between few thousands and several hun- %, %, L. " : A
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Compositae Liguliflorae and other types), and Cruciferae (in %, ; 5 ‘ L I
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composition in open areas. %%, ! L P :
Adults of hoverflies generally display in part some pol- s, %, A
len preferences. Some taxa feed on anemophilous pollen, %f%’/"’“g, : L
however, in faeces of most species a broad range of entomo- s%z’o ; RS
philous types can be found. Haslett (1989) showed that some b 1 . B - f
syrphids species exhibit a high degree of selectivity and the stenpiaipuy © 2 2 8 & 38

others forage for pollen of numerous plant species. Hover-
flies feeding on Apiaceae flowers show some selectivity in
their dietary needs in relation to the whole family. Myia-
tropa, in comparison with other syrphids, seems to prefer

27-37. The letter A marks individuals observed and caught on Ch. aromaticum, the letter B — on Ch. bulbosum.

Fig. 2.
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Table 1

Total number of examined hoverflies visiting Apiaceae (A)
versus the number of specimens having pollen of Apiaceae
found in faeces (pollen of those Apiaceae species only, on
which flies were observed) (B) as well as pollen of other
species of Apiaceae — however without those on which
hoverflies were observed (in parentheses). C — lack of pol-
len in faeces. (It was assumed that, if the number of
counted pollen in one sample was less than 5, this type was
not treated as intentionally consumed because of high
probability of possible contamination during visitation)

Hoverly species A B | C i
Eristalis arbustorum m | 25 22 (23) “ 0
Eristalis arbustorum f 10 8(9) 0
Myiatropa florea m 18 13314 2
Myiatropa florea f 13 71 2 1
Myiatropa florea m?f? 2 1 0
Syritta pipiens m 21 14 (15) 0
Syritta pipiens f 4 4 0
| Syrphus vitripennis m 3 2 1
Syrphus vitripennis £ 5 4 0
| Eristalis nemorum m 9 | 8 0
Eristalis nemorum f 4 4 0
Erista/i; fenax i 1 1 | 0
Eristalis pertinax £ L \ 1 ‘ 0
Melangyna umbellatarum f 2 } 2 0
‘ Platycheirus clypeatus m 1 0 0
| Xanthogramma ornatum f 1 0 0
| Eupeodes corollae m 5 3 0
| Eupeodes corollae 1| 1| 0
Episyrphus balteatus m 3 2 0
Episyrphus balteatus £ 4 3(4) 0
Scavea pyrastri m 1 0 0
Sphaeorophoria scripta m 23 9 1
Sphaeorophqria scripta £ 13 7 2
| Helophilus ;_Jendulus m 2 0 1
He/ophi/usrpendulus f 1 0 0
| Helophilus trivittatus f 1 0 0
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Histogram showing the pollen content in the faeces of 30 individuals of Myiatropa florea (L.), (m) 1-16, (f) 17-30.

Fig. 3.
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Fig. 4.  Histogram showing the pollen content in the faeces of 39 individuals of Syritta pipiens (L.), (m) 1-33, (f) 34-39.

Sphaerophoria scripta
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Fig. 5.
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Histogram showing the pollen content in the faeces of 61 individuals of Sphaerophoria scripta (L.) (m) 1-39, (f) 40-61.
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xum vernale Loew, (f) 62; Chrysotoxum cautum (Harr.), (f) 63; Neoascia podagrica (Fabr.) 64; Platycheirus clypeatus (Meig.), (m) 65; Xanthogramma

Histogram showing the pollen content in the faeces of individuals of Eristalis pertinax (Scop.) (m) 1, (f) 2; Eristalis tenax (L.), (m) 3-7, (f) 8-10; Eristalis nemorum (L.), (m) 11-19, (f)
Chrysoto.

20-23; Syrphus vitripennis Meig., (m) 24-25, (f) 26-30; Melangyna umbellatarum (Fabricius,1794) (f) 31-32; Syrphus ribesii (L.), (f) 33-35; Eupeodes luniger (Meigen, 1822), (m) 36; Eupeodes co-
rollae (Fabricius, 1794), (m) 37-41, (f) 42; Episyrphus balteatus (De Geer, 1776), (m) 43-45, (f) 46-49; Helophilus pendulus (L.), (m) 50, (f) 51-54; H. trivittatus (Fabr.), (m) 55-56, (f) 57-59; Mela-

nostoma melinum (L), (f) 60, (m) 61;
ornatum (Meig.), (f) 66; Insecta undiff. 67-74.

Fig. 6.

Apiaceae pollen (especially Pastinaca sativa)
and it uses successive flower resources
throughout the growing season. The others —
like Eristalis arbustorum or Syritta pipiens —
treat this family as one of numerous potential
pollen types that are eaten throughout the sea-
son. Sphaerophoria stricta in turn is interested
in pollen from other families and from Apia-
ceae it picks up pollen of summer species and
Anthriscus sylvestris.

The evidence that hoverflies have some
preferences, can also be found in insects feed-
ing on broader spectrum of flowers. Moreover,
these preferences may alter throughout the
growing season. Autumn faeces of Sphaero-
phoria stricta (n=6) contain almost exclu-
sively Polygonum aviculare, Spergula and
Cruciferae (2 or 3 types in different composi-
tion). A small admixture of Anthemis t., Bidens
t. and Arenaria t. is noted only in one spec-
trum. P. aviculare pollen is not preferred by
Sphaerophoria in summer. On the same area
and period the guts of Eristalis tenax (n=6), E.
pertinax (n=1) and Helophilus trivittatus
(n=1) contain Anthemis t. (probably Tripleu-
rospermum inodorum —a pollen type most fre-
quently eaten by Sphaerophoria during
summer and late spring), one or two types of
Cruciferae and C. Liguliflorae and small ad-
mixture of Fagopyrum and Polygonum persi-
caria. Probably this pollen composition may
result from decreasing flower resources in the
late summer and an increase in the competition
pressure. For this reason, in this time interval
the faeces of small species of hoverflies con-
tain pollen of small plants — Polygonum avicu-
lare, Spergula or Arenaria — flowers of which
are hardly available for larger syrphids. For the
same reason, on Eryngium planum flowers —
small syrphids can be often observed.

It is too early to estimate the scale of pol-
len consumption of particular species of
Apiaceae, as well as dietary needs of hover-
flies in respect to Apiaceae or to determine the
pattern of selectivity of particular species of
the examined hoverflies. According to the dia-
gram this scale depends on the insect sex and
size. Syrphids consuming Apiaceae pollen
seem to be in some degree selective in their
diet. Thus e.g. Eristalis arbustorum often eats
pollen of Carum, Libanotis, Chaerophyllum
bulbosum as well as Daucus, and Myiatropa
consumes pollen of Pastinaca, Aegopodium,
Chaerophyllum aromaticum whereas Syritta
prefers pollen of Eryngium and also Aegopo-
dium and finally Sphaerophoria prefers To-
rilis, Ostericum as well as Heracleum
sibiricum pollen. According to the data ob-
tained so far, pollen of some Apiaceac are
caten to a lesser extent by hoverflies — e.g. To-




























































