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ABSTRACT. The present paper analyzes chrono-
logical variation of melanine patterns in Polistes
dominula (Christ) and P. gallicus (Linnaeus) wasps in
the Black Sea Biosphere Reserve in the Kherson Re-
gion (Ukraine) in 2003-2006, and that of P. nimpha
(Christ) in the Kherson Region and in the Trans-Urals
(the Kurgan Region, Russia) in 2006-2008. We have
examined variation of coloration patterns of the clypeus,
mesoscutum, and first metasomal tergite in 4426, 1804,
and 559 foundresses and future foundresses of P.
dominula, P. gallicus and P. nimpha respectively. Sea-
sonal changes in the phenotypic variation within popu-
lations were more obvious during certain years. Due to
mainly cyclic nature of those changes, the examined
populations retained their general phenotypic traits.
Variation patterns of that kind are likely to be created
by certain types of selection.

PE3IOME. B nHacrosimeit paboTe gaH aHaiu3 Xpo-
HOTpa(UIecKOi H3MEHINBOCTH MEJIAHMHOBOTO PHCYH-
Ka y oc Polistes dominula (Christ) u P. gallicus (Lin-
nacus) B UepHOMOpPCKOM OHMOC(EPHOM 3arOBCIHUKE
Xepconckoii obmactu (Ykpauna) B 2003-2006 rr., a
taxxe y P. nimpha (Christ) B XepcoHckoii o6sactu u B
3aypanse (Kyprauckas odnacts, Poccus) B 2006-2008
rr. Y 4426, 1804 1 559 caMmoK-0CHOBATEIHHHUIL U Oy Ty-
XX OCHOBATEIbHUIL, TPUHAIEKAIINX COOTBETCTBEH-
HO K P. dominula, P. gallicus u P. nimpha, paccMoT-
PEHBbI BapUaHThl PUCYHKa KJIMIIEyCa, ME30CKYTyMa U
nepBoro teprura Meracombl. Ce30HHBIE W3MEHEHUS
(heHoobOmMKa TOMYISIIUKA ObUTH Oollee CHIIBHO BBIpa-
JKEHBI B OT/IENIbHBIC ToA1bl. brarogaps npenmyIecTBeH-

HO [UKJIMYECKOMY XapaKTepy dTHX M3MEHECHHUH, Momy-
JISIIMSL B 1IEJIOM COXpaHsijia CTabMIBHOCTD 10 YKa3aH-
HbIM npusHakam. OOCykJaeHa BO3MOXKHOCTH IOSIBIIE-
HUS TOJ00HOM KapTHHBI U3MCHYMUBOCTH B PE3yJILTATEC
JEHCTBUS HEKOTOPBIX (hopM oTOOpA.

Introduction

Alternative phenotypes are of special interest for
evolutionary studies. M.J. West-Eberhard [1986, 2003 ]
refers the term “alternative phenotypes” to “alterna-
tives of all kinds... whether reversibly or irreversibly
determined and whether regulated primarily by geno-
typic or environment factors” [West-Eberhard, 2003]
(p- 378). Various kinds of alternative phenotypes, i.e.
polymorphisms, polyphenisms as well as alternative
behavioral, physiological and life-history traits, are dy-
namic adaptations of the population, finely adjusting it
to certain environmental changes [Waddington, 1964;
Mayr, 1968; Timofeev-Resovsky et al., 1973; West-
Eberhard, 1986; Shishkin, 1986, 1988; Yablokov, Yusu-
fov, 1989; Rasnitsyn, 2002; Vasilyev, 2005]. The clas-
sic examples of polymorphism of that kind include the
well-known industrial melanism of the British pep-
pered moth, Biston betularia (Linnaeus, 1758) (Lepi-
doptera: Geometridae), cyclic fluctuations of the black
and red morphs in the two-spotted ladybird, Adalia
bipunctata (Linnacus, 1758) (Coleoptera: Coccinel-
lidae) [Timofeev-Resovsky et al., 1969; Sergievsky,
1985], dynamics of the color and size patterns of shell
bands in Cepaea nemoralis (Linnaeus, 1758) and in
other molluscs [Sergievsky, 1985, 1987]. Examples
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similar to those described above are relatively scarce,
and therefore all detected cases of temporal and spatial
change of frequencies of different morphs are of signif-
icant theoretical interest.

Wasps of the genus Polistes Latreille, 1802 are a
good model for studying alternative phenotypes in so-
cial insects. They can be effectively studied due to
small size of their colonies, open-type nests, and low
level of aggression. Relatively large individuals with
the contrasting melanine patterns facilitate classifica-
tion of different morphs, individual marking of the
wasps, and description of life cycles at the both indi-
vidual and colony level throughout the season [Rusina,
2009]. During the present study, we have examined
dynamic changes of frequencies of color patterns in
several Polistes species at a few selected sites over a
number of years.

This paper is dedicated to Prof. Alexandr Pavlov-
ich Rasnitsyn on his 75th anniversary.

Materials and methods

Individuals of Polistes dominula (Christ, 1791) and
P. gallicus (Linnaeus, 1767) were collected at the Ivano-
Rybalche (46°45" N, 32°18" E) and Solenoozerniy
(46°46" N, 31°99" E) plots of the Black Sea Biosphere
Reserve (BSBR) (the Kherson Region, Ukraine), and
those of P. nimpha (Christ, 1791) — at various residen-
tial localities in the Kherson Region (Ivano-Rybalche
plot of BSBR, Vinogradnoe village (46°49" N, 32°17°
E) in the Goloprystanskiy District, Muzykovka village
(46°75" N, 32°56" E) in the Belozersky District), and
the Kurgan Region (Sychevo village (55°43" N, 64°96°
E) in the Ketovskiy District).

During our studies, the colonies were examined for
a number of years in the middle of May. The examina-
tion included collecting of foundresses, description of
the variants of melanine patterns of their clypeus, me-
sosoma (functional thorax) and metasoma (functional
abdomen) according to the existing classification [Ru-
sina, 2009], and marking of individuals by putting plastic
rings on their pedicels. At the end of May, nests with
foundresses were transferred from the open air into
plastic containers with a removable bottom to protect
the colonies from predators. The nests were examined
every two or three days, and the presence of foundress-
es as well as survival and brood development were
recorded. The description of phenotypic variation and
marking of new individuals was done in the laboratory
where the colonies were taken overnight. Future
foundresses were distinguished from workers accord-
ing to the specificity of the seasonal development of
the colony, i.e. future foundresses usually appear after
the mass emergence of the males.

Changes in phenotypic variation of P. dominula
(2003-2006, N = 3698) and P. gallicus foundresses
(20042006, N = 1804) at the Ivano-Rybalche plot of
BSBR were analyzed by comparing the variants of
melanine patterns of: (1) foundresses after hibernation
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that started to found nests in spring, (2) foundresses by
the time of worker emergence, (3) foundresses by the
time of emergence of reproductive individuals, and (4)
future foundresses. P. dominula colonies on the Sole-
noozerniy plot of BSBR (2008-2010, N = 728) and
P. nimpha colonies of the Kherson (2003-2004, N =
387) and Kurgan Regions (2006-2008, N = 172) were
the objects for comparing the phenotypic variation in
the spring foundresses and future ones.

We have examined color patterns in 6789 wasps.
The comparison of phenotypic variation at different
stages of the foundresses’ life cycle was done using
Cavalli-Sforza distance as the most indicative measure
[Zhivotovsky, 1991]. The generalized distance between
samples was calculated as an arithmetic mean of dis-
tances by separate traits. To visualize phenotypic paths
of wasp populations over a number of seasons, the
obtained matrices of phenotypic distances were ana-
lyzed using multivariate scaling. Statistical significance
of differences was estimated with the help of the ¥ test.
All calculations were done using the software package
STATISTICA version 6.0 (Statsoft Inc., USA).

Results

The phenotypic composition of foundresses of dif-
ferent Polistes species does not remain stable during a
number of years and different stages of life cycle of the
wasps.

Figs 1A and B show phenotypic paths of P. dominula
and P. gallicus settlements at the Ivano-Rybalche plot
of BSBR. Both species demonstrate virtually similar
patterns which can be characterized as the “dynamic
stability of phenotypic variation”. Future foundresses
appear to be the most similar to each other, showing
stable phenotypic variation for a number of years.

Overwintered nest-initiating foundresses are nota-
bly different both from the future ones appeared during
the previous season and from each other as well. The
phenotypic variation therefore shifts every year in a
different direction. Apparently, the conditions of over-
wintering and perhaps also those of dispersal of the
future foundresses are quite different, which leads, in
turn, to multidirectional phenotypic shifts due to a non-
random selective elimination of certain foundresses.
Further changes in the phenotypic variation of the set-
tlement in the spring and summer occur through more
or less random elimination of some foundresses by
predators. At the same time, we also observed signifi-
cant differences between the studied species.

For example, foundresses that emerge after hiber-
nation are phenotypically quite close to the future ones
in P. dominula. Nevertheless, considerable shifts in the
frequencies of the melanine pattern do not occur. This
was especially true for the seasons of 20042005, al-
though after the severe winter of 2006 and especially
after that of 2003 the changes were more obvious.
Subsequent stages of the life cycle display further shifts
in phenotypic variation that proceed in the same direc-



Dynamic stability of phenotypic variation in Polistes

1,2

a6-1
1,0 &
053
0,8 L
0.6
052
04 05t e )
; 3 5
= 04 F
~ g i |
S 3 B
£ P
g 00 4
0.2
031
5,4 ;
0,6 04-2
0%2 H
081 033 043
1.0
14 -12 10 08 -06 -04 02 00 02 04 66 08 10 12 14 16
Dim 1
1,0
88 04-3
[}
0,6 06-1
L
o4l \ T e /
LI
0,2 04-2 i ‘
~ [ -
g 00 Y
5 05-2
-0,2 ®5.3
04
-0.6
051
o1 §
0,8

-4 12 19 -8 46 -64 02 OO0 02 04 06 08 10 1.2

bim 1

Fig. 1. Phenotypic paths of the settlements of P. dominula (A)
and P. gallicus (B) at the Ivano-Rybalche plot of the Black Sea
Biosphere Reserve (BSBR) in 2003-2006 and 2004-2006. 03-1,
04-1, 05-1, 06-1 — melanine patterns of the overwintered nesting
foundresses; 03-2, 04-2, 05-2 — melanine patterns of the foundress-
es by the time of the emergence of workers; 03-3, 04-3, 05-3 —
melanine patterns of the foundresses by the time of the emergence
of the reproductive generation; f03, f04, f05 — melanine patterns
of the future foundresses.

Puc. 1. denotunuyeckue Tpaekrtopuu noceneHuit (A) P.
dominula n (B) P. gallicus IBano-Pri6anpuanckoro y4yactka Yep-
HOMoOpckoro ouocdeproro 3anosennuka (Ub3) B 2003-2006 rr. u
2004-2006 rr. 03-1, 04-1, 05-1, 06-1 — BapHaHTBl PUCYHKOB
OCHOBATEIbHUII, THE3AAMUXCS ocae 3uMoBkH; 03-2, 04-2, 05-2 —
BapHAHTHl PUCYHKOB OCHOBATEIIBHUII K BEIXOAY pabounx; 03-3, 04-
3, 05-3 — BapuaHTHl PUCYHKOB OCHOBATEIBHHUI] K BBIXOIY PErpo-
nykrusHoro noxonenus; 103, f04, f05 — BapuaHTH prCyHKOB OY-
JYIMX OCHOBATEIIbHHUII.

tion, and the wasp population therefore moves away
from its initial state.

However, the strongest phenotypic shifts are ob-
served after hibernation in P. gallicus, when spring
foundresses differ most substantially from the future
ones. Later on, the settlement gradually returns to its
initial state, and the reproductive females become sim-
ilar to the future foundresses. To summarize, the natu-
ral selection operates through the differential survival
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Fig. 2. Phenotypic paths of P. nimpha from the Kherson Re-
gion in 2003-2004. f03-1 — melanine patterns of the future
foundresses in Vinogradnoe village; 04-1, f04-1 — melanine pat-
terns of the overwintered nesting foundresses and the future ones in
Vinogradnoe village; 04-2, f04-2 — melanine patterns of the over-
wintered nesting foundresses and the future ones at the Ivano-
Rybalche plot of BSBR; 04-3 — melanine patterns of the overwin-
tered nesting foundresses in Muzykovka village.

Puc. 2. denoTunuueckue TpaeKTOpUM nocenenuit P. nimpha B
Xepconckoit 061. B 2003-2004 rr. f03-1 — BapHaHTBI PHCYHKOB
Oyzymux OCHOBaTeNbHUL B ¢. Bunorpannoe; 04-1, f04-1 — Bapu-
AQHTBl PUCYHKOB OCHOBATEJILHHUII, THE3[IIUXCS BECHOI, U Oymy-
LIMX OCHOBATEIBHUI[ B C. Bunorpaauoe; 04-2, f04-2 — BapuaHTbI
PHUCYHKOB OCHOBAaTEJIbHMUII, THE3AIINXCSA BECHOM, M OyaylIuX oc-
HOBaTeNpHUI Ha VBaHo-Pribanpuanckom ydactke UB3; 04-3 —
BapUaHThl PUCYHKOB OCHOBATEJIbHHMI], T'HE3/AIIHXCSA BECHOM, B C.
My3bIKOBKa.

of foundresses during hibernation as well as through
differential reproduction in summer. However, despite
these shifts, the generation of future foundresses of
both species eventually returns to the initial pattern of
phenotypic variation, and therefore there is no evi-
dence for the appearance of new variants in the popula-
tions. Despite the scarcity of data, the analysis of spa-
tial distribution of P. nimpha from the Kherson Region
also confirms the hypothesis of similarity of the pheno-
typic variation of future foundresses from different
habitats. Fig. 2 clearly demonstrates that characteris-
tics of the future foundresses from three different local-
ities and a few distinct habitats can be seen in the
middle of the diagram (enclosed with the dashed line),
whereas all spring foundresses occupy the peripheral
position.

In the population of P. nimpha in the Trans-Urals,
foundresses are phenotypically similar (Figs 3A and
B). In contrast to that, future foundresses are morpho-
logically distant from each other. However, melanine
patterns of the clypeus that are monomorphic in
foundresses and include additional rare variants in the
future ones, can contribute significantly to this varia-
tion. The pattern dramatically changes if this informa-
tion is neglected (Fig. 3B). Foundresses cluster togeth-
er, whereas the future ones form another phenotypic
cluster. In this case, phenotypic variation fluctuates
within a certain range, especially along the first axis,
also demonstrating its dynamic stability.
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Fig. 3. Phenotypic paths of P. nimpha population in the Trans-
Urals in 2006-2008. A — frequencies of melanine patterns of the
clypeus, B — frequencies of melanine patterns of the mesoscutum.
06, 07, 08 — melanine patterns of the overwintered nesting
foundresses; f06, f07, f08 — melanine patterns of the future
foundresses.

Puc. 3. ®eHoTunu4eckue TpaeKTOpUu nomynsiuuu P. nimpha B
3aypanbe B 2006-2008 rr. A — 4acTOThl BapUaHTOB PUCYHKa
Kiuneyca, B — 4acTtoTel BapMaHTOB pHUCYHKa Me3ockyTyma. 06,
07, 08 — BapuaHTbl PUCYHKOB OCHOBATEJIbHUII, THE3AALIMXCS BEC-
noii; 106, f07, f08 — BapuaHTBl PUCYHKOB OyIyIIMX OCHOBATEIb-
HUIL.

An analogous pattern can be seen in P. dominula at
the Solenoozerniy plot of BSBR. Foundresses of this
species are more phenotypically similar to each other
than the future ones (Fig. 4A). As in the population
from the Trans-Urals, melanine patterns of the clypeus
mainly contribute to this similarity (Fig. 4B). Foundress-
es form a very compact cluster based on the melanine

Puc. 4. denoTunuueckue TpaekTopuu nocenenuit P. dominula
ConenoosepHoro ywyactka Yb3 B 2008-2010 rr. A — yacToThI
(eHOTHIOB caMOK-OCHOBATENIbHUI; B — 4acTOThl BapuaHTOB pH-
cyHKka kiuneyca; C — 9acTOTHI BAPHAHTOB PUCYHKA ME30CKYTyMa.
08, 09, 10 — BapuaHTbl PHCYHKOB OCHOBATEJIbHUII, THE3/SAIIUXCS
BecHoi; 108, f09, f10 — BapHaHTEI PHUCYHKOB OyIyIINX OCHOBa-
TEIbHHUIL.
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Fig. 4. Phenotypic paths of P. dominula settlements at the
Solenoozerniy plot of BSBR in 2008-2010. A — frequencies of
the foundresses’ phenotypes; B — frequencies of melanine pat-
terns of the clypeus; C — frequencies of melanine patterns of the
mesoscutum. 08, 09, 10 — melanine patterns of the overwintered
nesting foundresses; f08, f09, f10 — melanine patterns of the
future foundresses.
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patterns of the clypeus, while the future ones strongly
differ from each other due to rare phenotypic variants.

Nevertheless, future foundresses show very similar
phenotypic variation of their melanine patterns of the
mesoscutum, whereas the foundresses appear to be
significantly different (Fig. 4C). However, this settle-
ment also recurrently returns to its original pattern of
phenotypic variation, and the same is true for
P. dominula collected at the Ivano-Rybalche plot. Pop-
ulations of the both species, i.e. that of P. nimpha in the
Trans-Urals and the population of P. dominula at the
Solenoozerniy plot, therefore display relatively inde-
pendent dynamics of various features of melanine pat-
terns of different parts of the body.

Discussion

The temporal stability of the phenotypic variation,
including stable polymorphism involving alternative
phenotypes is currently considered as a consequence of
a long process of adaptation of the population to the
specific environment [Novozhenov, 1978, 1989; Vasi-
lyev, 2005]. The population is in the dynamic balance
with the environment, i.e. it is adapted to a certain
range of environmental fluctuations typical for a given
area [Timofeev-Resovsky et al., 1973; Yablokov, 1987].
However, specific pathways of adaptation in closely
related species (e.g. in those discussed here) can differ
substantially.

The specificity of social systems of Polistes species
has something to do with their tendency for colony
foundation and nest rebuilding in groups [Reeve, 1991;
Rusina, 2006]. Haplometrosis is typical for P. gallicus,
while in P. dominula as well as in P. nimpha both
haplo- and pleometrosis are observed. The extent of
pleometrosis is subject to spatial and temporal varia-
tion. Pleometrotic colonies are better protected from
invertebrate predators and successfully rebuild their
nests in case of destruction [Reeve, 1991].

The period from nest foundation to worker emer-
gence is the most vulnerable in the life cycle of Polistes,
since up to 80 % of the population dies from predators
and other mortality factors. After destruction of the
first nest, foundresses rebuild it or join alien colonies
[Reeve, 1991]. In P. gallicus, secondary nests account
for more than one-third of the population [Rusina, Gre-
chka, 1993; Rusina, 2009]. In P. dominula, the
foundresses usually join a conspecific colony, whereas
successful nest rebuilding is observed more rarely.
P. nimpha are similar in that respect to P. gallicus,
although joining alien colonies (usurpation) also oc-
curs at times.

It is noteworthy that the mating frequency also sig-
nificantly varies between foundresses of different spe-
cies. Specifically, foundresses of P. gallicus mate only
once [Strassmann et al., 2003], whereas, according to
our data, more than 15% foundresses P. dominula and
P. nimpha mate twice. All those differences can affect
the phenotypic variation within populations.
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In the populations of P. dominula from Southern
Ukraine, an adaptive response to environmental chang-
es results in the emergence of phenotypically diverse
offspring in the colonies with different structure. For
instance, small foundresses with darker melanine pat-
terns emerge more often in the colonies with the higher
conflict levels, i.e. either under pleometrosis, or within
colonies with egg-laying workers and in the usurped
nests, as well as in colonies infested by parasitoids and
in the secondary nests. In those colonies, development
of individuals is disturbed at the larval stage, which
apparently leads to significant changes in characteris-
tics of their subsequent melanine patterns and behav-
ior.

The phenomenon of the restoration of the pheno-
typic variation in a new generation of foundresses that
usually occurs during the autumn, can be explained by
genetic effects underlying normal reactions of the pop-
ulation as well as by certain environmental factors, like
specific larval diet. Air temperatures in August can
also influence the emergence of future foundresses. In
the latter case, environmental factors during this vul-
nerable period are likely to be quite constant over a
number of years, which results in the observed pheno-
typic stability of the population.

In the populations inhabiting the northern border of
their species distribution range, i.e. in those of P. galli-
cus in the Kherson Region and of P. nimpha in the
Trans-Urals, adaptation takes place through selection
for the emergence of highly productive foundresses. In
such habitats, certain abiotic factors, such as condi-
tions of overwintering or periods of drought, together
with predators and parasitoids can play the role of
“pacemakers” of the dynamics of phenotypic variation.
Judging from the dramatic phenotypic shifts, popula-
tions of those species appear to be more sensitive to
environmental fluctuations. In P. gallicus, environmen-
tal conditions during the period of the emergence of
future foundresses is also constant, thus providing sta-
bility of the phenotypic variation. For P. nimpha in the
Trans-Urals, we can see a certain trend in the dynamics
of phenotypic variation in future foundresses, which
suggests a more unstable environment.

In conclusion, we would like to point out that fur-
ther studies of the complex underlying mechanisms of
population polymorphism in Polistes species will al-
low better understanding of various aspects of their life
histories.
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