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Abstract. Velia currens (Fabricius, 1794) and V. gridellii Tamanini, 1947 are two South European species of Veliidae, whose
ecology and behaviour are poorly known. The aims of this study were to investigate their life histories, quantify occurrence of wing
polymorphism and gather information on their degree of co-occurrence. Nine different populations were regularly surveyed from
April to November 2010. Furthermore, a dataset containing information on the occurrence of the two species and the presence of
winged morphs at 294 sites was compiled from museum collections, private collections and published literature. No evidence for
multivoltinism was detected in either species. However, oviposition and and/or hatching were protracted in time so that early-instar
nymphs and adults co-occurred up to midsummer. Although their distributional ranges completely overlap at a large spatial scale, the
two species co-occurred only rarely at the same sites and the degree of co-occurrence was lower than expected by chance. Winged
specimens were rarely recorded. At least in V. gridellii, the numbers of winged individuals were inversely related to the altitudes of
the sites. During the summer, when some of the streams surveyed dried up, several specimens were found in an apparent state of
lethargy, under stones. It is hypothesized that the ability to aestivate, coupled with the ability to walk from one site to another may
reduce the advantage associated with producing winged forms and account for the low rate of occurrence of macropterism in these

species.

INTRODUCTION

Semi-aquatic bugs (Hemiptera: Heteroptera: Gerromor-
pha) have highly diverse life cycles and life histories, a
feature that has attracted numerous studies in the past (see
e.g. Andersen, 1982; Ditrich & Papacek, 2009a, c). Ger-
romorpha are recorded to be both uni- and polyvoltine
(Andersen, 1982). In temperate areas some species are
strictly univoltine (e.g., some Gerris spp.: Mitis, 1937;
Brinkhurst, 1959; Vepsildinen, 1974) or multivoltine
(e.g., some Microvelia spp.: Tamanini, 1979; Ditrich &
Papacek, 2009¢), but several species may be either uni- or
polyvoltine, depending on environmental conditions (e.g.
temperature or photoperiod: Vepsildinen, 1974). If multi-
voltine, up to three generations have been hypothesized
(e.g. Ditrich & Papacek, 2009¢).

A particular feature of the life history of Gerromorpha
is wing polymorphism, which consists of the simulta-
neous occurrence, within the same species, of two or
more phenotypes (morphs) that differ in terms of the
development of their flight apparatus (Andersen, 1982).
Although this phenomenon is documented for several
species of Gerromorpha (e.g. Brinkhurst, 1959; Andersen,
1973, 1982, 1993; Vepsildinen, 1973, 1974, 1978a) it is
still not fully understood and several possible determi-
nants are proposed in the literature. Although it is postu-
lated that the development of winged morphs is gene-
tically controlled (e.g. Spence & Andersen, 1994), the
occurrence of this morph is known to depend upon envi-
ronmental factors, such as photoperiod and temperature

(e.g. Muraji et al., 1989; Spence, 1984; Pfenning et al.,
2008). In addition, the incidence of winged morphs is
usually associated with different degrees of habitat sta-
bility (see Andersen, 1993; Ditrich & Papacek, 2009b and
references therein). The observation that the frequency of
winged specimens tends to increase as habitats become
less predictable in both space and time led to the idea that
winged individuals enable species to disperse in
patchy/unstable habitats (Brinkhurst, 1959; Socha &
Zemek, 2003). Other factors, including population den-
sity and food availability, are also thought to affect the
induction of winged forms (e.g. Muraji & Nakasuji, 1988;
Muraji et al., 1989; Harada et al., 1997; Pfenning et al.,
2007; Ditrich & Papacek, 2010b).

Among the West Palaearctic Gerromorpha, the most
widely studied family, both in terms of life histories and
wing polymorphism, is Gerridae (see Spence & Ander-
sen, 1994 and Ditrich & Papacek, 2009a for reviews),
whereas other families, such as Veliidae, received less
attention until recently (Ditrich et al., 2008, 2011; Ditrich
& Papacek, 2009a, b, 2010a, b; Ditrich & Kostal, 2011).
Furthermore, most of the available information on Velii-
dae, refers to species in Northern and Central Europe (e.g.
Mielewczyk, 1980; Murray & Giller, 1991), while little or
nothing is known about more southern taxa. For example,
the data available in the literature on wing polymorphism
in the genus Velia are almost exclusively for the central-
northern European species Velia caprai Tamanini, 1947
(e.g. Brinkhurst, 1959; Ditrich & Papacek, 2009b).
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TABLE 1. Major environmental features of the nine sites sampled. “Water permanence” indicates whether during the study period
a stream completely ran dry (temporary) or not (permanent). “Streambed” and “Banks” indicate the dominant type of substrate at
the bottom and on the banks of a stream, respectively. “Sun exposure” indicates whether a site was exposed to direct sunlight (sun)
or not (shadow), for most of the day. “Habitat” is the type of environment surrounding each site sampled. Average water and air
temperatures recorded during the study period are also provided, together with their minimum and maximum values.

Geogr. coordinates . . Water
Code UTM WGS84 Al(t;[gde “(/rlg)th ]?;p;t)h perma- St{:ﬁm_ Banks ox cl)lsure Habitat T\;cvr;};fr(itge Tengz:gét)u re
(East North) nence p
tempo- 17.0 21.5
L1 685920 4850715 90 2.0 60 rary pebbles  mud sun field (115-22.0)  (11.0-30.5)
perma- 15.0 23.0
L2 695420 4848065 110 3.0 30 nent pebbles  grass sun field (11.5-17.0) (13.5-32.0)
L3 6953004847925 110 30 40 P™  gnd mud  shadow wood 16.0 19:5
’ nent (13.0-19.0)  (13.0-24.0)
tempo- 17.5 20.5
M1 6833904863035 290 8.0 40 rary pebbles grass shadow  wood (13.0-23.0) (12.5-24.0)
tempo- 15.5 24.5
M2 682960 4862865 290 4.0 20 rary pebbles  mud sun wood (12.0-19.0) (12.5-24.5)
perma- 15.0 20.5
M3 682570 4866960 290 5.0 50 nent sand mud sun wood (12.0-17.0) (10.5-28.0)
HI 6891304860965 555 2.0 10 P™@  oebbles mud shadow wood 125 17.0
’ nent (10.5-14.0)  (11.0-23.0)
tempo- 13.5 16.0
H2 686930 4862065 585 1.5 50 rary pebbles rocks sun wood (9.0-18.0) (11.0-21.0)
H3 6897704861065 615 3.0 15 P ebbles mud  shadow  wood 12.0 18.5
’ nent (9.0-14.5) (11.0-24.5)

The present paper reports an analysis of the biology of
two southern species of the genus Velia Latreille, 1804,
subgenus Plesiovelia Tamanini, 1955, in central Italy
(Tuscany): Velia currens (Fabricius, 1794) and V.
gridellii Tamanini, 1947. Tamanini (1979), in his com-
prehensive monograph of Italian Gerromorpha and Nepo-
morpha, reports that all species of Velia are univoltine,
but this may not be case. For example, although the con-
generic Velia caprai is predominantly univoltine
(Brinkhurst, 1959), a second summer generation is occa-
sionally produced, at least in the warmer areas of its range
(e.g. Mielewczyk, 1980; Papacek & Jandova, 2003).
There are no specific studies on the two species analysed
in the present work. Similarly, although it is claimed that
all species of Velia belonging to the subgenus Plesiovelia
are dimorphic, with both apterous and macropterous
forms (Andersen, 1982), there is no quantitative data
available on the two species studied.

There were three main aims to this study. First, to
describe, using repeated surveys of nine populations, the
life histories of the two species. The populations surveyed
were in streams representative of the full range of types
of streams inhabited by the species. In particular, the
intention was to asses if the two species were uni- or mul-
tivoltine and how the time of emergence of adults and
nymphs changed with altitude. The second aim was to
obtain quantitative information on the occurrence of wing
polymorphism, and finally, the degree of co-occurrence
of the two species. The work combined direct surveys of
natural populations with the construction and analysis of
a large database of information on the distribution, occur-
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rence and incidence of wing polymorphism in the two
species.

MATERIAL AND METHODS

Species and study sites

The species studied were Velia (Plesiovelia) currens (Fabri-
cius, 1794) and V. (P.) gridellii Tamanini, 1947. These species
are Alpine-Apenninic elements, belonging to the S-European
chorotype (Vigna Taglianti et al., 1993, 1999) and though their
distributions extend slightly into the French Maritime Alps
(both V. gridellii and V. currens) and that of V. currens into
Switzerland (Tessin), Southern Austria and Slovenia (Tamanini,
1979; Andersen, 1995; Proti¢, 1998), they can be considered to
be Italian endemics sensu lato. Both species are typical inhabi-
tants of the surface of streams, and as altitude and associated
habitat stability (perennial or seasonal) are claimed as possible
determinants of the occurrence of wing polymorphism, the
streams selected were located at different altitudes. Specifically,
three altitudes were chosen: (a) a low altitude (L), corre-
sponding to ~100 m amsl; (b) medium altitude (M), corre-
sponding to ~300 m amsl; and (c) high altitude, at about 600 m
amsl. Three replicated streams were sampled at each altitude
(Xn = 9) and all are located in the Province of Florence (Tus-
cany; Italy). For each stream, the following were recorded: (i)
water and air temperature (°C), measured during each survey;
(ii) water permanence (temporary, if the site dried up during a
survey; permanent, if not). A complete list of the sites sampled
together with their major environmental features is provided in
Table 1.

Streams were sampled regularly at 15-day intervals from
April to September 2010, with monthly samples taken in
October and November 2010 on sunny, calm days. At each sam-
pling site (stream) a transect 10 m long was established at ran-
dom. Two different sampling protocols were followed to
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Fig. 1. The numbers of V. currens (nymphs and adults) recorded during the study period. Sites L2-L.3 — continuous line; Sites

M1-M3 — dashed lines.

investigate life histories and wing polymorphism. For life-
history reconstruction, all specimens (adults + nymphs) col-
lected during a 30-min survey along each transect were
examined. Animals were captured in order to identify them and
avoid double counting. More time was spent sampling when
some of the streams dried up and no swimming specimens were
visible. In these cases, dried out sections of the streams were
systematically searched for specimens hidden under stones. To
quantify the occurrence of wing polymorphism, the sites were
sampled until 50 adults or IV/V-instar nymphs were captured.
Unambiguously discriminating the presence of wing pads to
infer the morph of the earlier stages was difficult and so these
stages were not included in the sample. Identification took place
directly in the field, using a portable 20X lens. All the speci-
mens were released where they were collected at the end of the
day. Species/stage identification was carried out as follows.
Firstly, adult specimens of other coexisting Velia species [i.e. V.
muelleri Tamanini, 1947 and V. rivulorum (Fabricius, 1775)]
were excluded from the samples. Then, V. currens and V.
gridellii were identified based on the shape of the abdomen in
lateral view (adult females) and 9" tergite (adult males), in
accordance with Tamanini (1947, 1979). The identification of
the nymphs was based on the length of legs and antennae, and
head width (Lopez et al., 1998; Ditrich & Papacek, 2010b). A
reference box with several specimens of all instars belonging to
the two species identified in laboratory was also taken into the
field for comparison.

Database preparation

A database comprising previous observations on the two spe-
cies was created. This was based on lists of specimens preserved
in museum and private collections, data previously obtained by

the first author and records in the literature. Collections used to
create the database were: the Natural History Museum of the
University of Florence, Zoological Section (MZUF), the Natural
History Museum of Milan (MSNM); the private collections of
F. Cianferoni (Florence), J. Damgaard (Copenhagen), A. Mas-
cagni (Florence) and F. Terzani (care of MZUF). Other data
were obtained from Tamanini (1947) and Dionisi (2007). Only
records for which it was possible to unambiguously locate the
sampling site were considered. Each database entry included a
record of the locality collected, date, species, number, sex and
development of the wings (apterous/macropterous) of the speci-
mens. A total of 294 sites were recorded in the database, cov-
ering almost all Italian regions where the two species are
present, although the majority came from Central Italy. Some
records from South Eastern France were also present. For each
site only the presence/absence of macropterous specimens was
considered, as information on their abundance was irregular and
unreliable. The presence of winged specimens at each site was
modelled using logistic regression (Zuur et al., 2009) with alti-
tude (Alt) as the explanatory variable. The statistical signifi-
cance of this model was determined by comparing
(likelihood-ratio test) it with a model not including the factor
Alt (intercept-only model). Differences in average altitude of
sites where the two species were found (apterous and macrop-
terous specimens pooled), were tested using Welch t-test after
square-root transform of data to achieve normality of data
(Sokal & Rohlf, 1995).

To assess co-occurrence patterns between the two species a
null-model analysis was performed (Gotelli, 2000). Observed
co-occurrence (OCO) was computed as the number of sites
where both species were found. Taking “Ngrid” and “Ncurr” as
the number of occurrences of V. gridellii and V. currens, respec-

429



2 | instar

[0}

£ 200

o

0] 150

& N

- 100 4 » \

S 50 v - N

3 ~ TS

g 0+ T T T T T
= May Jun Jul Aug Sep Oct Nov
@ Ill instar

g 200

3 150

o ~

2 100 / \\

o 504~

3 / 2=

[ 0 <1 T T 1 T T
2 May Jun Jul Aug Sep Oct Nov
7] V instar

& 200

£

§ 150 /’ \\

%) 100 / \

° 50 - A \

[0} 0 - , N

'g T T T T T T T
é’ May Jun Jul Aug Sep Oct Nov

Month

Il instar
200
150
100 =
50 1~/ \\
0 B le/\l = \I T T T
May Jun Jul Aug Sep Oct Nov
IV instar
200 A
150 a
100 N
50 - // \\
U T T = 1 T T
May Jun Jul Aug Sep Oct Nov

Adults

May Jun Jul Aug Sep Oct Nov

Month

Fig. 2. The numbers of V. gridellii (nymphs and adults) recorded during the study period. Site L1 — continuous line; Sites H1-H3

— dashed lines.

tively, in the database, 50000 surrogate datasets were randomly
generated, each containing Ngrid and Ncurr occurrences of the
two species. The co-occurrence (SCO) of these two species in
each of the simulated datasets was computed. If co-occurrence
of the two species is random, the OCO value is expected to
equal the average SCO, however, if the two species co-occur
less frequently than expected by chance, an OCO less than the
average SCO is expected. The null hypothesis that OCO = SCO
was tested counting the number of SCO values less than or
equal to OCO (Gotelli, 2000).

All the analyses were carried out using the R (ver. 2.13.1)
software package (R Development Core Team, 2011).

RESULTS

A total of 1568 specimens (adults + nymphs) of V. cur-
rens and 3601 of V. gridellii were observed during this
study, but little co-occurrence between the two species
was detected. V. currens was detected at low (sites
L2-L3) and medium altitudes (M1-M3), but not at the
highest sites. In contrast, V. gridellii was found at the
highest sites (H1-H3) and at only one of the lower sites
(L1). A few specimens of V. gridellii were occasionally
found at sites L3 and M3 and were not included in subse-
quent analyses. The numbers of specimen retrieval during
the sampling period of the study are shown in Figs 1 and
2 for V. currens and V. gridellii, respectively. The devel-
opmental cycles of the two species also differed in other
aspects. In particular, in V. currens high numbers of first
instar nymphs were followed by progressively lower
numbers of later stages (Fig. 1). At medium altitudes, for
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example, nymph numbers reached a maximum value of
99 (I instar), while the peak for adults never exceeded 21
specimens (Fig. 1). Numbers at lower sites were even
lower. This pattern of adult loss was less evident in V.
gridellii, for which equal or even higher numbers of
adults than nymphs were observed (Fig. 2). Within each
species, the life histories showed a broad dependence
upon altitude, with peaks in abundance of the different
stages generally occurring earlier at lower altitudes. The
number of individuals observed during the different sam-
pling periods suggests that both species are univoltine. At
each site, in fact, for each stage only one developmental
peak was observed.

One stream at each altitude ran dry from the end of July
to September (Table 1). During this period, a total of 10
V. currens (6 males, 4 females) and 94 V. gridellii (47
males, 47 females) specimens were found hidden under
stones in the beds of the dried out streams, seemingly in a
state of lethargy: they were inactive and did not react ini-
tially to mechanical stimuli. Stimulation, which included
manipulation for collection, identification and exposure to
light lasted about 30 s. All the specimens reverted to a
state of activity after a few tens of seconds or minutes.

No macropterous specimens were found among the
3000 individuals (350 V. currens and 2650 V. gridellii)
sampled during the field surveys at the nine study sites
and analysis of the database confirmed that macropterous
forms occur at very low frequencies. Macropterous speci-
mens of V. gridellii were recorded at only 11 out of 192
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Fig. 3. Probability of recording macropterous individuals
P(Macrop) of V. gridellii at sites situated at range of different
altitudes. The solid line represents the estimated relationship
and the dashed lines the 95% confidence intervals. Dots repre-
sent the observed frequency of macropterous individuals and are
the averages for sites in 200 m ranges in altitude from 100 to
1700 m.

sites (four males, six females and one V-instar nymph).
Similar numbers were found for V. currens, with a total
of six males and 10 females found at 10 out of 138 sites.
The frequency of macropterous occurrence in the two
species was not statistically different (x> = 0.108, df = 1,
P = 0.7427). Furthermore, no evidence of a biased sex
ratio was found in macropterous specimens: chi-square
test results for a different-from-equal sex ratio were P =
0.55 and P = 0.32 for V. currens and V. gridellii, respec-
tively.

A significant negative relationship between the occur-
rence of macropterous specimens and site altitude was
detected by regression analysis only for V. gridellii (Fig.
3). In fact, the model including altitude performed better
than the intercept-only model (likelihood-ratio test =
—8.4004, P < 0.005). The predicted probability of finding
macropterous specimens is at a maximum (~0.18) at low
altitudes and then declines rapidly as site altitude
increases, becoming almost equal to 0.05 at 500 m. For V.
currens however, there was no significant relationship
between the occurrence of macropterous specimens and
altitude. The model including altitude was in fact indistin-
guishable from the intercept-only model (likelihood-ratio
test = —2.5442, P > 0.1). On average, V. currens (all
specimens pooled) occurred at slightly lower altitude sites
(mean altitude = 452 m, with 509 and 400 m being their
upper and lower 95% CI) than V. gridellii (mean altitude
= 526 m, with 585 and 470 upper and lower 95% CI)
although this difference was not statistically significant
(Welch t-test =—1.8081, df = 316.30, P > 0.07).

Based on the evidence from the database, the two spe-
cies co-occurred less frequently than expected by chance.
The observed co-occurrence (OCO) was in fact only 25
(out of 294 sites), which is approximately half of the
mean simulated value (SCO = 53.05 + 4.84 SE). The null
hypothesis that OCO = SCO could safely be rejected
since only 14 of the 50000 simulated SCOs were less than
or equal to OCO, giving P = 0.00028.

DISCUSSION

The results of this study showed no clear evidence of
multivoltinism in either of the two species. Generally
there was only one peak in numbers in each of the life
stages (I-V-instar nymphs and adults), with the only
exception being V. gridellii at the lower altitude sites.
This finding agrees with previous observations by
Tamanini (1947, 1979), who claimed that univoltinism
may be the norm for all Velia species in northern Italy,
although the possibility that different generations may
coexist in more southern populations was not excluded.
However, if these two species are not multivoltine then
the laying and/or hatching of their eggs must have
occurred over a long period of time as early-instar
nymphs and adults co-occurred over much of the period
of this study. First-instar nymphs, for instance, were
observed up to mid July, when the peak number of mature
adults occurred. However, it cannot be completely ruled
out that these late nymphs belonged to a second genera-
tion mixed with the previous one (e.g. Murray & Giller,
1991; Ditrich & Papacek, 2009c). The second autumn
peak observed in V. gridellii is unlikely to have been due
to the production of a second generation as it was not pre-
ceded by a similar pattern in nymph abundance. In fact,
this peak appeared after the summer reduction in activity,
when most of the streams dried up and is, therefore, likely
to be related to the resumption of activity of previously
aestivating adults. This point will be further discussed
below. In this study, sampling started during spring and
no information was collected on the behaviour of this
species during the winter. A further development of this
study should thus focus more closely on this subject. In
particular, it is important to check whether females in
autumn and/or spring contain chorionated eggs, which
would indicate the overwintering of reproductive females
and the possibility overwintering in both the egg and
adult stages. This way of overwintering, detected in V.
caprai and V. saulii (see Ditrich & Kostal, 2011), seems
to be a crucial aspect of the distribution of these species
in northern regions, verifying its occurrence in Mediterra-
nean species of this genus would be of great interest.

Nymphal development was presumably affected by
temperature: faster developmental rates were observed at
low/medium altitudes, where water and air were generally
warmer. This finding agrees with previous observations
on the Central European species V. caprai (Murray &
Giller, 1991; Ditrich & Papacek, 2009b), other species of
gerrids (e.g. Spence & Andersen, 1994; Pfenning &
Poethke, 2006) and more generally what is known
regarding insect development (e.g. Chown & Nicolson,
2004). Caution must be exercised, however, as tempera-
ture is only one of the possible factors affecting nymphal
development that changes with altitude; other possibilities
might be population density and/or prey availability
(Bronmark et al., 1985; Blanckenhorn, 2006; Ditrich &
Papacek, 2010b). Due to the different altitudinal distribu-
tions of the two species, it is difficult to separate species
differences from those induced by environmental factors.
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In V. currens, high numbers of first instar nymphs were
followed by progressively lower numbers of later stages,
a pattern broadly expected due to natural mortality during
the different stages. A different pattern however, was
observed in V. gridellii, where equal or even higher num-
bers of adults than nymphs were observed. The reasons
for this unexpected pattern are not yet known but there
are two plausible explanations. It is possible that there is
an influx of adult specimens from upper sections of the
same streams (Ditrich & Papacek, 2009b). This point is
consistent with the fact that this pattern was more pro-
nounced in the lower stream where this species was
found. Sampling error (e.g. due to the lower mobility and
catchability of nymphs than adults) as a cause however
cannot be completely ruled out.

The differences in altitude at which the two species
were found constitute an important discussion point. In
our field samples V. gridellii occupied higher altitudes
than V. currens. This finding not only contrasts with pre-
vious observations, showing that both species may be
present irrespective of altitude (see Bacchi & Rizzotti
Vlach, 2007), but also with evidence from our database,
where no difference in altitudinal range was detected. The
observed separation of the two species should, at least in
part, be attributed to factors other than altitude, or the
environmental determinants directly correlated with it,
such as temperature. Altitudinal differences in the distri-
butions of the specimens sampled are, in our opinion,
most likely to be a consequence of secondary effects of a
more general mechanism separating the two species. Of
course, these differences may also be due to an unde-
tected bias in the selection of sampling sites. A spatial
segregation of the two species was detected by null-
model analysis, showing that the two species co-occurred
less frequently than expected by chance. However, the
actual mechanism behind this pattern remains uncertain
and may range from competitive exclusion, to habitat-
driven segregation based on an unknown environmental
factor. Inferring such effects from the observed pattern
without additional data is, however, impossible at this
stage (Gotelli, 2000) and may represent a further goal for
future research. Whereas it is known that different species
of Gerromorpha may show spatial partitioning due to dif-
ferences in habitat features (see, for example, Andersen,
1982; Karaouzas & Gritzalis, 2006; Ditrich et al., 2008),
no information exists on the competition among these
species of aquatic Heteroptera, although competitive
interactions among sympatric corixid species are docu-
mented (Vepséldinen, 1978b). A caveat to this discussion
is the reliability of the database records. Although
analyses of data based on voucher specimens or databases
compiled from literature sources is increasingly regarded
as a useful and sometimes fundamental tool in biodiver-
sity research (see, for example, Schlick-Steiner et al.,
2003), the reliability of collections has to be carefully
checked before any firm conclusions can be drawn. The
results of the analysis of co-occurrence may be trusted if
it is true that both species were searched for equally, at all
sites (that is to say that collectors did not selectively catch
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one species or the other). In fact, we are confident that
this assumption was fulfilled with respect to our database.
Care was taken to directly ask the owners of the personal
collections for confirmation in this regard. This was also
clearly stated in published material, as well as for the
museum collections, for which a careful inspection of all
notes, sketches and related issues was carried out.

The occurrence of macropterous specimens was very
low in both species, even lower than that reported for
other Velia species (e.g. Brinkhurst, 1959b). In database
samples, although winged morphs occurred with a similar
frequency in both species, a significant dependency on
altitude was found for V. gridellii but not V. currens. The
observed altitude-related effect broadly supports the
hypothesis that macropterism may be linked to environ-
mental determinants, and presumably to those related
with habitat predictability and stability. The absence of
macropterous specimens in our field samples may simply
be due to the low incidence of macropterism in these spe-
cies. Despite the high total number of individuals
observed, the number of sites visited was limited (three
for each altitude level, making a total of nine) and the
probability of finding a “positive” site (i.e. one with mac-
ropterous individuals) at each level was very low.
Moreover collecting is usually associated with a positive
bias towards rare morphs, so that the relative numbers of
macropters in collections might be greater than in nature.

An important point worth noting was the presence,
during summer, of adults of both sexes hidden under the
stones in dried-up streams. These specimens were seem-
ingly aestivating in a state of lethargy, as indicated by the
fact that they remained completely immobile and did not
initially responded to external stimuli when uncovered.
Aestivation has been described before in Gerridae
(Hauser, 1982) and hibernation is frequently recorded in
waterbugs, including Velia spp. (e.g. Brinkhurst, 1959b;
Murray & Giller, 1991; Ditrich & Papacek, 2009a). Aes-
tivation probably also occurs in V. caprai, as firstly sug-
gested by (Ditrich, 2005), and partly confirmed by Ditrich
& Papacek (2008) and Ditrich & Kostal (2011). How-
ever, it is unclear if the aestivation observed in Velia spp.
is really a true diapause (with arrested gonad develop-
ment) or just some kind of quiescence. An ad-hoc study
on the state of gonads during the summer would help to
resolve this issue. The presence of adult Velia spp. hiding
under stones in dried-up stream-beds, during summer and
early autumn, has been observed by P. Stys (pers. comm.)
on several Greek islands, although these adults were not
lethargic. Finally, Bronmark et al. (1985) after a mark-
recapture study of V. caprai populations in Sweden con-
clude that only a small fraction of the populations was
active at any one time, suggesting a great number of
specimens remained hidden. This kind of behaviour may
be adaptive during summer droughts (Southwood, 1962)
as it makes it more likely they will survive until the onset
of the autumn rains that rejuvenate the streams. This was
particularly evident for V. gridellii at the lower sites,
where adults reappeared in autumn, having previously
disappeared during the summer months.



It could therefore be hypothesized that the ability to
aestivate may make it less advantageous to produce
winged specimens and account for the low rate of occur-
rence of macropterism in these species. In fact, macrop-
terous specimens, although able to travel long distances in
search of a suitable environment when faced with unfa-
vourable conditions (Andersen, 1982), generally incur a
cost in terms of reduced fecundity, at least in females (see
the review by Zenna & Denno, 1997), and so it is likely
that a trade-off exists between the benefits (if any) of
macropterism and the associated cost to reproduction. It is
important to stress that the ability of macropterous speci-
mens to fly has never been verified in this species and at
present it is only possible to speculate what the possible
benefits of being able to disperse by flying might be. The
ability to endure unfavourable conditions by aestivating
may reduce the advantage associated with producing
winged forms. Furthermore, some Velia species can crawl
out of water (e.g. Andersen, 1982), the most striking
example of which is the case of V. caprai, as reported by
Ditrich & Papacek (2009b, 2010a). They revealed using
both mark-recapture in the field and laboratory experi-
ments that this species surprisingly can walk over land for
up to tens of meters. Individuals of both V. currens and V.
gridellii were also occasionally observed walking short
distances over land during the present study, but the
maximum distance travelled was not recorded. Therefore,
aestivation coupled with an ability to walk out of water
may partly act as a substitute for dispersion by flight.

In conclusion, the results presented in this paper help to
shed some light on the life-history traits of these two
Velia species, for which very little is known. Details of
the incidence of macropterism add to existing knowledge
on this intriguing aspect of Gerromorphan biology
(Andersen, 1982) and corroborate previous findings on its
determinants. Furthermore, the findings on spatial segre-
gation of the two species pose new questions about their
ecology and highlight the need for further investigations
to clarify the causes of such a pattern. Finally, apart from
improving our understanding of the ecology and behav-
ioural traits of these species, a better understanding of
their biology may help us conserve these organisms, for
which the combined effects of restricted distribution
(endemic to Italy s. 1.) and increasing effect of humans
upon freshwater habitats (EEA, 2010) pose serious threats
to their survival.
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