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Abstract 

VEPSALA£NEN, KARI (Department of Genetics and Tviirminne Zoological Station, Univer
sity of Helsinki): The life cycles and wing lengths of Finnish Gerris Fabr. species (He
teroptera, Gerridae).- Acta Zool. Fennica 141 :1-73. 1974. 

The life cycles and alary dimorphism of Finnish Gerris Fabr. species are described and 
compared with those of Hungarian water-striders. From the results and previous knowledge 
of the determination of wing length, the following adaptive strategies were described. 
In the species of the most permanent habitats almost complete apterism has evolved 
(G. na;as). In species of fairly permanent waters a genetically switched alary dimorphism 
is attained. Neither heterosis nor frequency-dependent selection are needed to explain the 
maintenance of dimorphism. The local frequency of the short-winged morph results from 
the degree of local isolation (G. lateralis, G. lacustris). G. lacustris also utilizes temporary 
habitats during the reproductive season; the macropterous part of this species follows the 
strategy of the species of temporary habitats with an environmental switch mechanism for 
wing length. 

The overwintering individuals of the species of temporary habitats are long-winged. 
The breeding habitats are colonized during the spring dispersal. In northern Europe the 
minimum time strategy of reproduction is followed: the reproducing part of the first ge
neration is short-winged. In Hungary where the breeding season is longer and the temporal 
variation of the environment is greater, the mid-summer egg-laying individuals are both 
long- and short-winged (G. odontogaster, G. argentatus, G. paludum, G. lacustris). When 
the temporal uncertainty is extremely high, migration and habitat-selection between each 
generation is the only means to cope with the changing environment: the species will be 
entirely long-winged (Hungarian G. thoracicus). In Ge"is, high temporal uncertainty leads 
to frequent migration and enhanced gene flow. 

In northern areas the photoperiod is the switching agent for the seasonal variation in 
wing length, but in localities where the temporal uncertainty of the environment becomes 
high, temperature (which correlates positively with the drying up of the pond) is used as 
a new source of information, which enlarges the phenorypic variation. 

The temporal uncertainty of the habitats of each Ge"is species increases towards the 
south and this gradient is mirrored in the enlarged variation of seasonal alary morphs. An 
increase in the permanence and isolation of the habitats of G. lacustris towards the north 
is reflected in the higher frequencies of the genetically determined short-winged morph. 
The isolated border populations of G. lateralis are situated south of central Finland; the 
apter frequency of this species rises as the rarity and isolation of the habitats increase 
along a north-south gradient. 

Diapause is switched on by shortening days during larval development . An early 
accumulation of individuals in the overwintering generation is ensured by the migration 
of macropters to wintering habitats soon after the teneral development is finished; this 
mechanism also prevents overcrowding in the pond. South of Finland, mid-summer 
migrations of non-diapause macropters from the home pond also increase the carrying 
capacity of the pond, which leads to the avoidance of cannibalism and · realization of 
r-strategy in environments where K-strategy would otherwise be the rule. 

Keywords: adaptive strategies I temporary habitats I water-striders I wing polymorphism. 
Author's address: Department of Genetics, University of Helsinki, P . Rautatienkatu 13, 

SF-00100 Helsinki 10, Finland. 
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I. INTRODUCTION 

Most of the ea. 400 species of the Gerridae are denizens of the tropics 
(JACZEWSKI 1967, Nico Nieser, in litt. 1971). The majority of these species 
live on the surface of fast-flowing rivers or on oceans, far from the coast 
and are predominantly apterous; macropters, if any, are scarce (ANDERSEN 
1971, Nico Nieser, pers. comm.). A minor part of the family inhabits the 
Palearctic zone, and the Finnish gerrid fauna consists of nine species 
(VEPSALAINEN 1973a). The wing polymorphism common in holarctic 
water-striders has been studied by a number of workers (e.g. ZETTERSTEDT 
1840, REuTER 1875, PorssoN 1924, EKBLOM 1928, 1950, LINDBERG 1929, 
BRINKHURST 1959, VEPSALAINEN 1971a, 1971b, 1974b, ANDERSEN 1973, 
}AMIESON 1973 and Diane Calabrese, in litt.). 

Since polymorphism was defined by FoRD (1940), much has been 
written on the factors promoting and maintaining polymorphism. Atten
tion has been paid especially to the genetic differences between the morphs. 
The popular belief that heterozygote advantage is necessary for balanced 
polymorphism has been disproved by studies of frequency-dependent se
lection (for a review, see MuRRA Y 1972), density-dependent selection 
(CLARKE 1972) and the effect of patchiness of the environment (LEVENE 
1953, MAYNARD SMITH 1970). 

Although the definition of genetic polymorphism (FoRD 1965) allows 
environmental switch as the determining mechanism, FoRD wrote that "it 
seems hardly ever to be so". Indeed, reviews on polymorphism tend to 
ignore the role of the environment (cf., however, RI CHARDS 1961 and 
LEVINS 1968a). In an earlier study (VEPSALAINE 1971c) attention was paid 
to a case in water-striders where polymorphism was determined by a 
photoperiodic switch. There the reproducing part of the population was 
monomorphic, but in a later study (VEPSALAINEN 1974b) environmentally 
switched alary dimorphism was observed within a single interbreeding 
population. Accordingly, suggestions that different terms should be used 
for genetically and environmentally determined polymorphism are un
realistic, because comparatively few cases have been studied enough to 
allow clear distinction between the terms. The first step in such studies is 
usually the description of the qualitative pattern of the variation; here we 
need our terms. Selection works upon the outcome, the polymorphism; 
here an important task, though not always necessary, is the elucidation of 
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the mechanism determining the adaptive pattern: Earlier studies (VEPsA

LAINEN 1971a, 1974c) have shown that the same adaptive pattern may 
develop in two different ways, even within the same population, by genetic 
and environmental switches. In seasonally dimorphic Gerris odontogaster 

a long, lengthening day during the four first larval instars produces a 
short-winged non-diapause imago, which reproduces more or less immedia

tely. In a shortening day, whatever the absolute daylength, a long-winged 
diapause imago will emerge (VEPSXLAINEN 1971 b, 197 4a). Later the mecha

nism of wing length determination was found to include temperature as 
an additional stochastic switch (VEPSALAINE 1974c). The short-winged 
G. lacustris individuals cannot be explained by the above theory but have 
been ascribed, at least partly, to genic segregation at one locus or super-gene 

- the allele for short wings is the dominant one (VEPSALAINEN 1971a, 

1974c). 
MITIS (1937) was the first to draw a connection between the life cycles 

and alary polymorphism of water-striders. His observations of the coin
cidence of seasonal dimorphism and the first generation of bivoltine spe

cies stimulated later workers (BRINKHURST 1959, VEPSAL~INEN 1971b, 
ANDERSEN 1973), who attempted to reveal the adaptive significance and 

mechanisms of the determination of wing length in Gerris. Yet the ex
planations of individual students have failed to give a general insight of 
the adaptive strategies of Gerris as a group, and the meaning of wing 

length variation therein. 
The present study treats the relationship of life cycles to regional and 

temporal variation in the alary polymorphism of Finnish gerrids. The 
observations made here and in previous studies (VEPSALiliNEN 197 4b) form 

the basis for a discussion of the maintenance and adaptive significance of 
alary polymorphism and the factors promoting it in water-striders of 
temperate regions. Special attention is paid to the degree of uncertainty 
of the environment. 
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Mrs. Anna Damstrom, B. A., undertook tbe task to correct the English of my typescript, 
for which I am indebted to her. Badly needed financial aid was received from the Heikki 
and Hilma Honkanen Foundation, tbe E. ]. Sariola Foundation, tbe Ministry of Education, 
and the University of Helsinki. This aid is gratefully accepted . I dedicate this paper to my 
family, which during so many years has had to live amidst bugs. 
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11. MATERIAL AND METHODS 

The regional distribution of the material and the sampling methods 
have already been described (VEPSAUINEN 1973a) - the material of 
summer 1973 is added here. 

The classification of wing lengths follows V EPSAr..AI EN (1971 b) (Fig. 
1). The classes apterous, micropterous and brachypterous are not delimited 
exactly as in the Figure (G. odontogaster) in all the species ; the distribution 
of the relative wing lengths of the non-macropterous morph is the final 
criterion determining whether e.g. relative wing length 3 is included in 
micropters (G. odontogaster, see Table 1.) or brachypters (G. lacustris, see 
Table 4.). Hence Fig. 1. is only a key which must be applied flexibly for 
each population separately. 

Pictures of the life cycles were constructed from a study of the following 
characteristics: 

1) The frequency distributions of different larval instars in successive 
samples taken at the same localities, or, if possible, from the same populat
wns, 

2) The occurrence of newly emerged imagos easily recognized by the 
weak pigmentation and soft cuticle. The cuticle of young imagos is often 
still more or less soft compared with that of old (especially overwin tered) 
individuals as much as two weeks after the final moult, i.e. long after 
pigmentation is completed (age criteria in V EPsA.r..Ar EN 1974b). 

3) The colour classification of the ventr al side of the females (see 
VEPSAUINEN 197 4b ). 

FIG. 1. The relative wing lengths of Gerris are given 
to the nearest half of a plate according to the scale on the 
right hand. The corresponding alary morphs of G. odontf>
gaster are given on the left hand . For applications to 

other species, see text . 
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FIG. 2. In the four-numbered popu
lation codes the approximate location 
of the population is given by the two 
first numbers, which refer to the grid 
drawn with continuous lines. In some 
cases the location of the sample is 
given with reference to the newer offi
cial grid (broken lines). In this case 
the reference number is divided into 
two parts by a colon. 6JO N lat. is 
the border between southern and 

northern Finland. 

7 

4) The presence or abscence of mature eggs (or maturing ovarioles) in 
dissected females (for criteria see VEPSALI\.r E 1974b). 

The regional variation of voltinism was studied in relation to the re
gional and temporal variation of alary polymorphism on the basis of 
observations of imagos. Regional and temporal differences in morph ratios 
were tested from 2 X 2 contingency tables with x2-analyses (x2

, or 
X~ if Yates' correction was used; the smallest excepted frequency is given 
when < 5). The levels of statistical significance are indicated as follows: 
::- = statistically significant, P ~ .OS; *(*) = significant, P ~ .02; ::-::- = 

significant, P ~ .01; *** = very significant, P ~ .001. 
The two first numbers of the four-numbered population code give the 

location of the population (Fig. 2). References to the Finnish uniform grid 
are given for museum material (ZMH = Zoological Museum of the Uni
versity of Helsinki) (Fig. 2). When given together with the population 
codes, the dates are indicated by the museum method, beginning with the 
years and finishing with the days (e.g., 4016/730530 = population 4016 
on 30 May 1973). 

The expression short-winged morph (SW) generally denotes the spe
cies-specific non-macropterous form; the other morph is the long-winged 
one (LW). 
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Ill. ALAR Y POLYMORPHISM IN FINNISH GERRIS SPECIES 

I have used the term polymorphism in the sense of FoRD (1965) and 
treated populations as polymorphic when the frequency of the rarest 
morph is one percent or more. Some Gerris populations show alary poly
morphism only in summer, while other populations do so -throughout the 
year, and some are monomorphic. The brief presentations of the species 
given here are based on locally and temporally restricted populations. If 
not otherwise stated, the lengths of the fore-wings are indicated. As a rule, 
the hind wings are more or less shorter than the fore-wings. 

Gerris odontogaster populations show alary dimorphism during summer 
but are long-winged in winter (early and late summer). There are two 
main classes, micropters and macropters (Table 1.). Brachypters are rare -
they never reached the level of 1 ~/o in a thoroughly studied South Finnish 
population (VEPSALAINEN 1971 b). The relative wing lengths of rnicropters 
vary between 0.5 and 3.5, and some rare cases of 4, classified as brachy
pters, are met. Exceptionally, lengths of 5.5 to 7 are encountered. As only 
one of the non-macropterous classes is temporarily frequent, and the total 
variation in these classes is more or less continuous and unimodal, the non
macropterous classes are combined (SW). 

The average and modal -wing ·lengths are -not necessarily the same in 
different populations: cf. Table 1. with population 4028/720730, where the 
wing length varied between< 0.5 and 1, the mode being 0.5. In the total 
material the females clearly have shorter wings on the average than the 
males. The relative wing length of macropters varies from 7.5 to 9 with a 
higher mean in males. 

The limit between LW and SW imagos is based on the observation that 
water-striders with a fore-wing length of 7.5 are usually still able to fly, 
at least temporarily. The hind-wings are shorter than the fore-wings, so 
that in some micropters they are barely visible under the scutellum; in 
macropters the hind-wings are not usually shorter than 7. In a brachypter
ous male, for example, the fore-wings were somewhat over 7, and the hind
wings 6. 

Slight asymmetry is not uncommon, and cases such as left 3/ right 2 are 
occasionally encountered (2051/ 670802, d'). 

G. argentatus populations show a seasonally restricted polymorphism 
like G. odontogaster (apters have been caught once in an overwintered 
population; 4014/730529, 2 ~~), but the most frequent classes are macro
pters and apters (i.e. wings totally covered by the scutellum or only barely 
visible). Micropters are not uncommon (Table 2.). Brachypters with a wing 
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length of up to 6.5 ( d') and 7 (S?) ( 4014/710729) are met; in one male the 
fore-wing was somewhat shorter than 6 and the hind-wing 5.5 ( 4014/ 
720826). G. argentatus is dimorphic; the variation in the SW group is 
practically continuous. One peculiar case of asymmetry was noted : left 
fore-wing 0, hind-wing 0.5/ right fore-wing 0.5, hind-wing 1 (4014/730805, 
S?) ! 

G. thoracicus populations are usually completely long-winged in Fin
land. The wings are relatively long, usually 8.5-9, seldom 8; 7.5 is pro
bably short-winged from the functional point of view. Sometimes, how
ever, dimorphism is encountered in mid summer (Table 3.). Thus, if it 
occurs, dimorphism is seasonally restricted as in G. odontogaster and G. 
argentatus. The limit between brachypters and macropters is difficult to 
draw, and the final decision must be made on a functional basis (evaluation 
of ability to fly) separately for each specimen. 

Finnish G. paludum populations are usually macropterous but exceptio
nally show seasonally restricted dimorphism in summer. The SW morph 
has relatively long wings: 7- and 7+ (2 d'd'), 5 and 6- (2 S?S?) (2113/ 
730730), fore-wing 7, hind-wing 5.5 (S?, 4225/700803), fore-wing 7 + , 
hind-wing 5 (d', 3121/720702). The length of the hind-wing of functional 
macropters is 7 or more. 

Apart from a few exceptions, G. lawstris populations (Table 4.) are 
polymorphic throughout the year. In spite of the large variation in the 
wing lengths of brachypters, the populations are correctly classified as 
dimorphic ones, as has already been noted by ANDERSEN (1973 ). The wing 
length of the SW morph varies from 3 to 7. The female fore-wings are 
shorter than those of the males on the average (x~ = 5.2 ± .1, X!j? = 
4.6 ± .1; t = 3.974':-::·*, df. 28). (All measurements were made from SW 
imagos, 11 d' and 19 S?, collected in grid 628:55 on 1972-06-04.) The 
hind-wings of brachypters are much shorter than the fore-wings: 2.0 ± .1 
and 1.9 ± .1 in males and females, respectively. Thus the difference in the 
lengths of male and female fore-wing is levelled out in hind-wings. The 
correlation between the relative lengths of fore- and hind-wings was r = 
.66':· in males, and r = . 59~.,~ in females. The distribution of the wing lengths 
of the female brachypters is skewed to the left but that of the males is 
more normal (Table 4.) . Especially female and relatively short-winged 
G. Lawstris brachypters show marked stenoptery of the wing. Asymmetry 
is not uncommon, e.g. left 4.5/ right 5 (S?, 2007/680504). 

The relative wing lengths of 8.5 to 9 are most frequent in macropter
ous males and 8 to 8.5 in females. Wing lengths of 7.5 are also encountered, 
especially in macropterous females. AND ERSE (1973) compared the relative 
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wing lengths of G . lacustris brachypters of the first generation (light
ventered non-diapause females on 28 June) with those of the second ge
neration (dark-ventered diapause females on 29 September) in a small 
Danish pond: the group with light thoracic venter had shorter wings on 
the average. 

G. lateralis populations (Table 5.) are usually dimorphic through
out the year, like those of G . lacustris but monomorphic apterism 
also occurs, at least temporarily. Apters are by far the largest group of 
non-macropters. The relative wing length 2 (micropter) is usually the maxi
mum in SW imagos, but the length of 4 (brachypter) may exceptionally 
occur (S?, ZMH: Saraisniemi, grid 714:49). Even imagos whose wings are 
just visible (class +) are classified as apters. 

G. rufoscutellatus populations are long-winged. The fore-wings are 
commonly as short as 7.5, especially in the females, and the hind-wings 
7 or somewhat less (e.g. 4016/720717: 4 cJ 7 S?, fore-wings 7.5 to 8-, 
hind-wings 7; 4001/700724 2 S? and 700808 1 S?, hind-wings 7 and 7 + ). 
Such individuals are able to fly, at least before wintering. Individuals with 
fore-wings shorter than 7.5 and hind-wings measuring 6.5 are infrequently 
encountered: S? 4016/720825; this individual did not take flight although 
attempts to stimulate flight that have proved successful with true macro
pters were made repeatly (thrown up in the air after being kept in a dry 
container in blazing sunshine). 

As far as is known, G. najas populations are monomorphically apterous 
in Finland (ZMH and Larry Hulden, pers. comm.). 

It is typical of all short-winged Gerris imagos that in spite of its re
duced appearance, the fore-wing is morphologically an imago wing, differ
ing from the wing of a larva in both shape and venation (LARSEN 1931 ). 
Further, not even apters are totally wingless but the redundant wings are 
not visible unless the scutellum is lifted. 

The short wings are also narrower than those of macropters (steno
ptery). Asymmetry in wing length is not uncommon. The hind-wings of 
SW individuals are usually considerably shorter than the fore-wings. 

On the basis of the above observations, Finnish Gerris species may be 
grouped into 1) species where populations with seasonally restricted di
morphism are at least sometimes encountered (G. odontogaster, G. argenta
tus, G. thoracicus, G. paludum); 2) species which ha e dimorphic popula
tions throughout the year (G. lacustris, G. lateralis); 3) monomorphic spe
cies (apterous: G. najas; macropterous: G. rufoscutellatus; considering G . 
sphagnetorum, see p. 31. 
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IV. RESULTS 

1. General 

Water-striders overwinter as imagos. They repopulate their summer 
habitats soon after the melting of the ice: the first observations of G. odon
togaster, G. lateralis and G. lacustris are made in South Finland (ea. 60°N) 
in mid April (14-16 April) and in Kuusamo and Ranua (ea. 66°N) in 
late May, or some years not before the beginning of June. In Lapland (ea. 
69°N) G. lateralis individuals begin to appear at the beginning of June. 
On the average G. odontogaster is somewhat earlier than the other species. 
However, even in South Finland the reproductive season may not begin 
before the middle of May: in spring 1969 the ice melted from lake Paajarvi 
(61 °06'N; the site of the G. odontogaster population 2102 and the G. la
w stris population 2110) on 7 May, and no water-striders were seen on the 
shores on 11 May. On 18 May many individuals of Gerris sp. were observ
ed (L. Paasivirta, pers. comm.). 

Few imagos are seen after the first ice-covers have formed on the ponds, 
in late October (28 October) in South Finland, and in mid September in 
northernmost Finland. If the Gerris season is measured from the mass 
appearance of imagos in spring to the disappearance of all except a few 
individuals in the autumn, it lasts approximately from the beginning of 
May to the beginning of September (ea. 120-130 days) in South and 
Central Finland and from mid June to the beginning of September (ea. 80 
days) in northern Lapland. 

Copulae are seen frequently some weeks after the first individuals have 
appeared, and mating of overwintered imagos continues till the last of 
them die soon after first new diapause irnagos emerge (cf. DARNHOFER

DEMAR 1973). E.g. with marking techniques it was demonstrated that the 
last overwintered macropters of G. odontogaster died in late July in popu
lation 4001 (last recapture on 19 July in 1970 - the first new diapause 
imagos emerged on 10 July); a male G. odontogaster marked on 15 June 
1968 (2102) was recaptured on 6 August, and a macropterous G. lateralis 
male, marked on 2 June 1969 (spring 2101) was still alive on 9 September. 
In 2101 the few imagos taken on 5 August 1967 were overwintered apters. 

The offspring develop through an ovum stage and five larval instars to 
an imago. Both egg and larval development times are closely dependent on 
temperature (VEPSAL~r E 1973b). This has serious implications for the 
interpretation of the information provided b-y the collected material. My 
intention is mainly to describe the life cycles of different species and cor-
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relate differences in life cycles between the species to differences in alary 
morph ratios. 

To elucidate general geographic trends the effects of microclimatic va
riations in temperature on morph ratios and life cycles should be eliminat
ed. This is important because macroclimatic differences in long-term mean 
temperatures for June between the latitudes of 63° (and even 65 ° in 
western Finland) and 60° are much smaller ( < 1 °C) than local micro
climatic and year-to-year variations in a given G. odontogaster locality: 
e.g. the mean June temperatures differed by 3.4-3.6°C between the succes
sive years 1970-1972 at Joensuu airport (ea. 62°40' N) (Monthly Review 
of Finnish Climate 59-66). Thus, in the representation and interpretation 
of my material it might well prove difficult to see the wood for the trees. 

The magnitude of short-term, local and year-to-year variation in the 
morph ratios of G. odontogaster populations is demonstrated below. 

(A) Samples of the same population taken within a short period of 
time may reveal significant differences in the frequency of the SW morph. 
Population 4002, grid 664:28, 59°51' N. 

Date SW% 

1967-07-28 57 
1967-08-04 16 

SE. 

3.9 
4.4 33.5*** 

(B) Samples of the same population taken at approximately the same 
date in different years may show significant differences. Population 4002. 

Date SW% SE. XI 

1968-07-25 0 
1967-07-28 57 3.9 46.0*** 

(C) Samples taken at the beginning of August in different years from 
populations only 200 metres apart differed significantly. Populations 
4002 and 4031. 

. Date SW% 

1967-08-04 16 
1972-08-11 97 

SE . 

4.4 
3.0 

;r.l 

60.1*** 

(D) The frequency of micropters in a local group of populations (S = 

5 populations, grid 664:28, 59°50' N) may be remarkably similar to that 
in much more northern samples (N = 2 populations, grid 69:6, 62°40' N) 
from microclirnatically warm habitats. 
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Locality Date SW % 

s 4-13 July 77 
N 9-10 July 61 

S.E. 

2.1 
9.2 3.72 (not significant) 

13 

The above examples are not unusual cases chosen among hundreds of 
samples, but only exceptionally clear instances of large short-term, local 
and year-to-year variation in the morph ratios of G. odontogaster. The 
picture is also confused by the extended egg-laying period of over-winter
ed females, because the abundances of different larval instars are dependent 
not only on the beginning of the laying season but also on the timing of the 
most intensive laying periods and the length of the total laying period. All 
these variables interact with temperature and each other to produce the 
specific larval and morph frequencies of a sample. 

The summer solstice is a critical point in the life cycle of a population. 
Knowledge of the frequency distribution of different larval instars at this 
time makes it possible to predict whether there will be another generation 
that summer or not. In the following, larval instar frequencies of G. odon
togaster at the summer solstice are given for population 4001 (grid 664:28, 
approximately 59°51' N). As different instars take different times to de
velop (VEPSALAINEN 1973b), the average developmental age A of the larval 
group must be calculated by using a correction coeffient Ci. For each 

i 

instar (i = 1, ... ,5), Ci = i ~l LJ. Here [ = the average time between 
L 

the two successive ecdyses, calculated from the total larval development 
time; ~Lj = th~ average age of instar j calculated from the hatching of 
the first instar. L and ll.j were calculated from laboratory data obtained 
at a constant temperature of 25 ± 1 °C (VEPSALAINEN 1973b), because the 
shortest total larval development times recorded in the laboratory (18 days) 
corresponded closely to the shortest times noted in population 4001 in June 
(20 days; VEPSALAINEN 1971b). 

Years can be classified as early or late by reference to the A's, medians 
and modes of the developmental ages of the larval groups (Fig 3). x2 tests 
were applied in a comparison of the larval frequencies in different years. 
In three years a comparison was also made of the frequencies in two 
successive samples taken at the summer solstice and the end of June. The 
differences between the years were statistically significant in five cases out 
of nine, as were also the differences between the successive samples in 
1971 and 1973. 

For each year, the sum of the daily mean temperatures in the period 
1-23 June was calculated from official temperature records at Tvarminne 
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FIG. 3. The proportions of different 
larval instars of G. odontogaster at the 
summer solstice (left) and at the end 
of June (right) in the years 1969-73. 
The numbers on the right border refer 
to the sum of the daily mean tempera
tures in the period 1-23 June (S). 
n = the total number of larvae; A = 
average developmental age of the larval 
group. The medians and modes are 
given by vertical lines and arrows, 
respectively. Population 4001 (664:28, 
approximately 59°51' N). For details, 

see text. 
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FIG. 4. The relation between the ave
rage developmental ages of the larv'al 
groups (A) and the sums of the daily 
mean temperatures in the period 1-23 
June in different years in G. odonto
gaster population 4001 (see Fig. 3). 
Linear regression analysis was em-

ployed. 

Zoological Station, some two kilometres from the pond 4001. The sum {S) 
21 

was calculated from the formula S = ~ t · where t . is the average 
i=J I I 

daily temperature on the ith of June, calculated from values 
recorded at 08, 14 and 20 o'clock. The differences in the yearly 
A's are attributable to differences in the June temperatures (Fig. 4 ). The 
two extreme S values {323 ° in 1972 and 393 ° in 1970) reflect an average 
difference of about 3°C per day. In the laboratory at constant tempera
tures between 18°C and 25 °C this is known to correspond to an average 
difference of 2-3 days in the total period of larval development {VEPSA
L~INEN 1973b). Accordingly differences of only a week between collections 
may make comparison between two populations very hazardous. Conse
quently, in this study the general comparisons between geographical re
gions, years and seasons of the summer are based on combined samples 
collected from several populations over fairly long periods of time. In 
some cases, detailed descriptions at the population and sample levels are 
g1ven. 

2. Seasonally restricted dimorphism 

2.1. Gerris odontogaster (Zetterstedt) 

The species is distributed throughout Finland (VEPSALA!NEN 1973a). In southern Fin· 
land (up to 63° N in the east, and 64° N in the west) the first larvae are seen during the 
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first third of June (4 June, square 40 in Fig. 2; 10 June, sq. 23), the first fourth instar 
larvae are observed at the latest at the summer solstice (16 June, sq. 20; 18 June, sq. 40; 
23 June, sq. 42), and the first new irnagos emerge during the last week of June (26 June, 
sq. 40; 27 June, sq. 41; 28 June, sq. 42). A rather poorly known transitional zone (5th 
instar on 29 June, sq. 43; 4th instar on 30 June, sq. 34) occurs between this region and 
northern Finland (66° to 70° N), where the first larvae are seen during the first week 
of July (6 July, sq:s 28 and 38; 8 July, sq. 39; 2nd instar on 1 July, sq. 46; 3rd instar on 
4 July, sq. 46), the fourth instar larvae appear during the latter half of July (18 July, sq. 
46; 5th instar on 29 July, sq. 46), and irnagos do not emerge before August. The repro
ductive season begins about one month later and 'the new generation emerges about one 
to two months later in northern Finland than in southern Finland. 

It was shown earlier (VEPSALAINEN 1971 b) that in a South Finnish 
population all the first individuals of the first offspring generation of the 
year are short-winged and soon begin to lay second-generation eggs. Later, 
from mid July onwards, after a transitional period of only a few days, 
only macropterous diapause imagos emerge. The partial second generation 
is long-winged and in pre-winter diapause. 

The emergences of the first- and second-generation macropters overlap 
in August. Most micropters die during July and August and thus do not 
overwinter. Macropters begin to move to their overwintering sites as early 
as at the end of July, i.e. two or three weeks after the final moult. At least 
some of them fly to terrestrial overwintering habitats, which may even 
lie far from the nearest water bodies. 

This is clearly the general pattern for whole of southern Finland. The 
development of a second generation is also evident from larval data (Table 
6.). The beginning of the second generation was demonstrated by dissecting 
females and searching for eggs at different times. As noted by MITIS (1937) 
and later by VEPSAL.ii.INEN (1971 b) and AND ERSE (1973 ), imagos which 
are ready to produce a new generation without diapause and overwintering 
are distinguished from the others by their pale ventral side. The criteria 
for paleness vary between the species and have already been given for all 
the Finnish Gerris species (VEPSALi\INEN 197 4 b). 

In Finland, there is virtually a completely positive relation between 
micropterous wings, pale underside of abdomen, and absence of pre-winter 
diapause in G. odontogaster. Exceptionally, one macropterous female, still 
with soft chitin, poor pigmentation, ± pale venter and large eggs was 
caught on 1968-07-17 in population 3202. A minor brachypterous element 
(< 1 (J/o) has been shown to emerge in bivoltine G. odontogaster popu
lations during the transitional period between the emergences of micro
pterous and macropterous individuals, i.e. in the middle of July (VEPSA

L'i.INEN 1971b). There is also some indication in the present data of a low 
but real peak of short-winged irnagos in the late autumn populations 
(Table 6., square 42). 
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Partially bivoltine populations are met as far north as Joensuu 62°40' 
N, in eastern Finland) and Kokkola (63°50' N, in western Finland). 
Farther north, where the larvae do not usually reach the fourth instar be
fore the summer solstice, the populations are univoltine and completely 
macropterous (Table 6., from squares 33 and 43 northwards). The museum 
material accords with these observations (226 exx., ZMH). 

In the border zone between the uni- and bivoltine populations, diapause 
macropters of the new generation are caught as early as in late June and the 
beginning of July: 4271/730628 (a fen pond with a water temperature of 
27°C), 3 cJ 1 ~ micropters and 11 cJ 11 ~ macropters, of which the 
one micropterous and ten overwintered macropterous females had mature 
eggs, but two male and one female macropter were still soft though fully 
pigmented and showed no eggs on visual inspection. Further, a sample of 
young (one older), new-generation females collected at 4209/690706 was 
dissected: the one micropter had mature eggs, but all the six macropters 
were immature. The observations can be explained in two ways. In some 
individuals the last critical developmental stage for the photoperiodic 
switch may be the fifth instar (instead of the usual fourth instar as in the 
individuals in population 4001), and/or some individuals may lack the 
genetic potential for micropterism and reproduction without preceding 
diapause. 

2.2. Gerris argentatus Schummel 

The species is fairly rare in Finland and is not met north of 6Z035' N (VEPsAI.ii.INEN 
1973a). The first specimens caught in spring are from 400ln00507, and the last caught in 
autumn are from 4014n20914 (still 51 irnagos and 2 fifth instar larvae). 

The dimorphism of G. argentatus is clearly seasonally restricted (Table 
11.). The museum material agrees with my own (47 exx., ZMH). A general 
picture of the life cycle in southernmost Finland is obtained when the 
whole material is combined (Table 12.). There seems to be a subtle peak of 
young larvae in late July and early August (Tables 12. and 14.), which indi
cates a partial second generation. The most thoroughly studied G. argen
tatus population in Finland, no. 4014, shows a clear maximum of non
macropters in late July and August (Table 14.). The chronological border
line between the emergence of the last apters and that of the first new 
macropters in mid summer can be determine.d in the laboratory by es
tablishing cultures of old larvae. 
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The following results were obtained with larvae from 4014n00708 reared in a) short 
(min. 13h45'), lengthening photoperiods and 25°C: 

- Ins tar Last moult lmagos 

V 11 July 2 ~~ apters 
V 12 July 1 ~ micropter 
V 14 July 1 ~ 2 ~ ~ macropters 
V 16 July 1 ~ macropter 

IV 18 July 1 ~ macropter 

b) natural illumination and 24°C: 

V 11 July 

~ ~ 
apter 

V 13 July apter 
V 14 July macropter 
V 16 July 

~ ~ 
micropter 

V 20 July macropter 
V 21 July macropter 

Larvae from 4014n10729 reared in a) short (min. 15h45'), lengthening photoperiods 
and 25°C yielded altogether 41 ~ o and 37 ~~ macropters from 5th instars between 30 
July and 6 August, and those reared in b) natural illumination and 24°C produced 10 o o 
and 2 ~~ macropters from 5th instars between 4 and 5 August. 

The transitional period when both SW and LW imagos emerge simulta
neously lies just before mid July, as in G. odontogaster. 

The second generation is begun by SW imagos, the females having fully 
mature eggs or large oocytes when newly moulted and still soft. The 
macropters of the same generation have only poorly developed ovaries. 
In 4014/720724 three overwintered macropters and 11 apters and three 
macropters of the new generation (all fully pigmented and ± strongly 
chitinized) were checked for eggs: All the apters and overwintered macro
pters had mature eggs, but none of the new macropters had eggs. Hence 
the SW females are the only ones producing the partial second generation. 

2.3. Gerris thoracicus Schummel 

Although co=on· throughout central Europe, G. thoracicus is restricted to the most 
coastal areas and the archipelago in Finland. Here it is fairly co=on and found up to the 
northernmost parts of the Bothnian Bay (6J040' N ) (VEPsAl..AlNEN 1973a). The first obser
vations in spring are: 4001/670517 1 o macropter, 4016/670517 1 ~ macropter; and the 
last in autumn: 2403/690907 7 o 5 ~ macropters. 

Finnish populations are usually completely macropterous (Table 15.). 
The one brachypter in the Table is from 4031/720719. All 114 imagos in 
the museum (ZMH) are macropters. 

The earliest 1st and 2nd instar larvae have been captured on 11 June, 
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and the first 4th instar larvae on 23 June (Table 13.). This, together with 
the occurrence of young larvae in the first half of August, indicates that a 
small partial second generation occasionally develops in Finland. If wing 
length and the reproductive stage are determined in the same way as in 
G. odontogaster, then the SW females of the first generation should emerge 
in the middle of July at latest. This is just what was found in population 
4033 (Table 16.). Here, too, the overwintering part is totally macropterous, 
and the dimorphism is thus seasonally restricted. The most marked habitat 
features of site 4033, shallow, warm water in a lagoon exposed to sunshine 
but protected from strong winds, favour rapid development. 

The life cycle of a partially bivoltine population is illustrated by the 
observations made on populations 4033. Only four of the females caught 
on 1972-07-16 were overwintered macropters, which were known from 
their very hard chitin and a wide red blotch on the pronotum. All the 
other individuals had an at least more or less dark pronotum (f. fusci
notum, see VEPSALAINEN 1972) and more or less incompletely hardened, 
often still pale chitin, which showed that they had not overwintered. The 
four overwintered females all had mature eggs and functional flight musc
les. The 11 brachypterous females all had mature eggs or large oocytes. 
In contrast, the oocytes of the new-generation macropters were small, poor
ly developed and indicative of incipient diapause. No overwintered bugs 
were captured on 1972-08-08. 

On 1973-07-04 no imagos were seen, and the larvae were taken to the 
laboratory and cultured at 26 ± 1 °C and a long, lengthening photoperiod, 
which changed from LD 17.5:6.5 (4 July) to LD 18.25:5.75 (11 July). 
Between 5 and 12 July two brachypterous males (fore-wings 8- and 7.5, 
hind-wings 7 + and 6.5), one brachypterous female (fore-wing 7 +, hind
wing 6 + ), and seven macropters ( 4 cJ 3 ~) emerged from 5th in star larvae. 
On 21 July ea. 10 first instar larvae were observed in the culture tub and 
the females were dissected: the macropters had no eggs but the brachypter 
had. There thus also appear to be connections in Finnish G. thoracicus 
between the reproductive activities and brachypterism, and between 
diapause and macropterism, in pre-wintering populations. How close these 
connections really are remain an open question for the present. 

The limit between the long- and short-winged morphs is somewhat 
difficult to draw in G. thoracicus. A mid-summer female with fore-wings 
measuring 7.5 and hind-wings 6.5 may still contain eggs (4033/730711), but 
its alary morph is not known before its flight ability is tested or its flight 
muscles are dissected. · 

Unlike the individuals of most other Gerris species, whose indirect flight 
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muscles undergo histolysis after the dispersal flights in spring, macropter 
G. thoracicus retain the ability to fly throughout their lives and often take 
flight after the slightest disturbance (VEPSAI.ii.INEN 1973a). E.g. in 4013/ 
710620 (small, temporary rock pools), one male flew away when the 
shadow of my hand moved over the pool; one female took flight when 
sprinkled with water and one male did so after prolonged sprinkling; one 
male and one female took flight only when captured and placed on warm 
rocks, the male returning to the pool after flying half a metre. 

The high vagility retained by overwintered individuals in mid summer 
makes it difficult to decide whether newly emerged first instar larvae (in 
dried-up rock pools refilled by heavy rains; e.g. ~ 4013/730809, which 
dried up on 5 July) are late representatives of the first generation or belong 
to a partial second one. In the latter case the connection between long
wingedness and diapause would not be as close as in G. odontogaster. 

Summing up, G. thoracicus is usually monomorphic and univoltine in 
Finland but in early summers and warm habitats is able to develop a sea
sonally restricted dimorphism connected with the production of a partial, 
second generation. 

2.4. Gerris paludum Fabricius 

In Finland G. paludum is a rare southern species distributed south of 63"15' N 
(VEPSALAINEN 1973a). The first individuals after winter have been captured in early June 
(3121n20604) and the last in mid September (2104n00919; ea. 250 exx). 

A survey of the total material (Table 7.) reveals occasional seasonally 
restricted dimorphism in some populations. In the museum material (ZMH) 
there is one brachypterous female (1943-07-27, grid 670:10) amongst 50 
macropterous imagos. 

My only large samples from July, an important month for the study of 
seasonal dimorphism, are those from a lakeshore population (Table 17.). 
On 30 July all the macropterous females lacked eggs but one of the two 
brachypters had mature ones. A second generation had clearly commenced 
in this case. Further evidence of this is found in 4225/720804 (one indivi
dual of each larval instar was captured and other 2nd to 4th instars were 
seen), and in 1032/690820 (one 2nd, three 3rd and two 4th instars). 

It is not yet possible to determine how close a correlation exists between 
immediate reproduction and short wings; the only imago captured from 
4225/720804 (still weakly .chitinized macropter) had two almost mature 
eggs. 
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3. Permanent dimorphism 

3.1. Gerris lacustris (Linnaeus) 

The northern limit of the species lies at the arctic circle (ea. 65.5° N) in Finland 
(VEPSALAINEN 1973a). In South Finland the first individuals in spring are seen in mid 
April at the earliest and usually in the last week of April. Brachypters begin to emerge 
from the wintering habitats somewhat earlier than macropters (Table 18.). After a tempo
rary decline, the brachypter frequencies rise again and are high amongst the late egg-layers 
in July. 

In southernmost Finland the first larvae are found around the middle of June, i.e. 
clearly somewhat later than in G. odontogaster. The differences between the two species 
are more marked at the end of the larval development, and only some exceptional indi
viduals reach the fourth instar by the summer solstice. 

First records of different larval instars: square 40, 1st instar 11 June, 4th 23 June; 
square 21, 1st 17 June; square 42, 4th 25 June, 5th 6 July; square 33, 4th 1 July; square 
43, 4th 29 June; square 34, 4th 30 June; square 46, 1st 6 July, 2nd 9 July (once 4 July), 
3rd 15 July (once 4 July), 4th 29 July; square 35, 5th 5 August. 

As larvae of G. lacustris develop faster than those of G. odontogaster 
in laboratory cultures (VEPSAL.ii.INEN 1973b ), the slower rate in nature may 
be ascribable to microclimatically less favourable habitats (VEPSAL.ii.INEN 
1973a). 

The general life cycle of the adult G. lacustris is illustrated for five geo
graphical areas (Fig. 5). At the time of emergence of the first offspring of 
the first generation, the brachypter frequency drops sharply but then begins 
to rise steadily again. In late autumn the few individuals still found are 
mostly brachypters. The brachypter frequency in spring is much lower 
than in the autumn. 

The rise in brachypter frequency in autumn is due not only to the emi
gration of macropterous individuals to overwintering habitats as suggested 
by BRINKHURST (1959), but also to the higher proportion of brachypters 
among newly emerged imagos in late summer and autumn (ANDERSEN 
1973). On 1972-08-29 larvae were taken from population 4015 and kept 
at room temperature and natural illumination. Of the imagos emerging be
tween 29 August and 6 September, 36 were brachypters (13 cf 23 <?) and 
three macropters (1 cf 2 <?) (SW 0/o 92.3). The background frequency of 
brachypters was 20.0 0/o (79 cJ 51 <? brachypters and 245 cJ 274 <?macro
pters) in the field in population 4015 on 29 August. The difference in 
morph frequencies between the laboratory offspring and the sample from 
nature is highly significant (heterogeneity x2 = 104.98***). 

DARNHOFER-DEMAR (1973) thought that the rise in brachypter frequen
cies towards autumn can be explained solely by environmental factors, 
mainly short, shortening daylengths. However, if we divide the graphs 
of the life cycles (Fig. 5) into two parts at the point where over ten per 
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FIG. 5. The proportion of bracby
pters in G. lacustris is given for ten
day periods in five geographical areas 
(the numbers refer to the grid squares 
in Fig. 2; from north to south): A 
(squares 26, 36, 46, 25, 35, 45); B (24, 
34, 44, 33, 43); c (23, 12, 22, 32, 42); 
D (11, 21, 31, 41, 10, 40, 20, 30); E 
(populations 4014-4016, 4028). The 
arrows show the approximate appear
ance of the first new generation ima
gos. The asterisks along the frequency 
curves refer to statistically significant 
differences between time groups (for 
the combined data of males and fe
males, if not otherwise indicated by 
placing the symbols along both the 
male and female curves). The open 
asterisks along the base lines indicate 
statistically significant differences in 
bracbypter frequencies between the 

sexes. Based on chi-square analyses. 

cent of the larvae are already fifth instars (this point is taken in the second 
half of summer), we can apply a rough regression analysis to the successive 
brachypter percentages in early and late summer. From the four frequency 
curves in Figure 5, a correlation coefficient r = .57~· ::· (n = 25) is ob
tained. This means that the high brachypter frequencies in late summer are 
partially explained by the fact that in the overwintered populations 
brachypters have a higher viability than macropters. However, my own 
crossing experiments (VEPSALAINEN 197 4c) suggest that short, shortening 

• days may direct the development of a potential macropter to a SW imago. 
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The larval material (Table 19.) contributes to elucidate the life cycle. The 

occurrence of the first fifth instars is followed after a week or two by the 
emergence of the first imagos of the first generation. The first instar larvae 
provide some faint evidence of the occurrence of a minute, partial second 
generation in South Finland. An important question is whether the photo-: 

period controls the occurrence of non-diapause individuals in the same way 
as in G. odontogaster in late June and early July. ANDERSEN (1973) noted 

that light-ventered and mainly short-winged females capable of reproduc
ing soon after the final moult emerged in the middle of July in Denmark. 

I have mapped the distribution of light-ventered females with eggs (Figs. 
6-7) on the basis of some 60 samples taken from different parts of Fin
land at different times. In favourable conditions, i.e. in warm summers, a 
minor, ~econd generation begins locally throughout southern Finland up to 

Joensuu-Liperi in the east (62°50' N). This is almost entirely due to the 
light-ventered brachypterous females and the corresponding brachypterous 
male morph. In this respect the species corresponds exactly to G. odonto

gaster. In northernmost G. lacustris populations the females of early and 
mid summer are all overwintered brachypters and macropters with a dark 
thoracic venter and eggs. These are gradually substituted in late summer 
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FIG. 6. Seasonal changes in the proportions of the different female forms of G. lacustris 
in southernmost Finland (squares 10, 40, 20, 21, 31; see Fig. 2). The number of specimens 
per time period indicated above. The periods of sampling indicated by horizontal bars be
low. a) hard shitin, dark thoracic venter, eggs, macropter; b) as a, but brachypter; c) and 
d) as a and b, respectively, but in diapause; e) hard chitin, pale thoracic venter, eggs, 
brachypter; f) still soft chitin and poor pigmentation, no eggs, macropter; g) as f, but 

brachypter. 
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FIG. 7. As Fig. 6, but far
ther north in southern Fin
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by diapause brachypters and macropters with dark thoracic venter (189 
females were dissected). Accordingly, the life cycle is univoltine. 

In addition to seasonal differences in morph ratios, brachypter frequen
cies show a dine, increasing from south to north (Fig. 8). A somewhat 
similar change from almost zero brachypter percentages to higher ones 
takes place from the southern mainland towards the coast and archipelago 
(on Hanko peninsula). 

The alary dimorphism in G. lacustris is further complicated by tempo
rarily uneven sex ratios. The sex ratio is about 1:1 in the material collected 
during the years 1965-69 in all seasons from different parts of Finland 
(brachypters 1718 dd, 1505 S?S?; macropters 1713 dd, 1988 S?S?; total 
3431 cJ cJ 3493 S?S?). In crossing experiments performed mainly in 1972, 
the sex ratio was 124 dd: 114 S?S? among the brachypters and 267 dd: 
245 S?S? among the macropters. Field experience of corixids (PAJUNEN & 
]ANSSON 1969, BENEDEK & JAszAr 1973), and some of my own Gerris lacust
ris material prompted me to investigate whether there are any differences in 
the time of emergence between males and females in G. lacustris. Batches of 
individuals emerging during periods of two or more days were examined 
in the crossing material of 1972. In each of 64 cultures the individuals 
were divided into three groups according to whether they had emerged 
during the first or last day of the moulting period of the batch in question, 
or in between. The sex ratios in the three groups were as follows: 

First day 
In between 
Last day 

68 
110 
45 

70 
97 
53 
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The X(~) of heterogeneity is 1.478 and P > .20, which does not support 
the hypothesis that the final moult occurs at different times in the two 
sexes. The few 'statistically significant' deviations from an even sex ratio 
in my material in the favour of the males and at times of the females are 
explained by the fact a P value of 0.05 may be expected to occur once in 
twenty times by chance alone. 

During the late summer and autumn the total sex ratio remains close to 
1:1, though in some cases females predominate (Tables 8-10,20-21, 26.). 
Females are dominant in the post-winter populations at the beginning of the 
spring. When the material of April-May 1965-69 (ea. 50 samples) is di
vided between two periods, the sex ratios are as follows: 

Before 25 May 
25-31 May 

<3<3 
207 
145 

~~ 
314 
132 

~% 

60.3 
47.7 

x' 
21.52*** 

0.51 

p 

<.001 
-.40 

Females seem to appear earlier on the surface of the water than males. 
This applies to both brachypters and macropters, as is evident from the 
material collected during four years from population 4015 between 13 and 
17 May: 

% 
100 

75 

50 

25 

10 

*** 
** 

40 

** 
*** 

: 

20 

.· 

21 

FIG. 8. The proportions of SW and LW morphs of male and female G. lacustris recorded 
between southwesternmost Finland (square 10) and northeasternmost Finland (square 46). 
The histograms illustrate the situation in late summer when the larvae are predominantly 
fifth instars (15 July to 28 August, mainly in August). The male and female frequencies add 
separately up to 100 %. Differences in the dine between adjacent areas revealed as statisti· 
cally significant by chi-square analyses are indicated separately for males (above) and fe
males with asterisks. Differences between sexes are shown with open asterisks. The mate
rial, collected in the years 196.5-69, amounts to between 138 and 932 exx per square 

(altogether 2091 exx). 
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Brachypters 
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8.11 ** 
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77 

Macropters 

;c! 
14.93*** 

In late spring the sex ratio is levelled to 1:1, but male dominance is soon 
apparent in many populations, sometimes being very marked (e.g. in the 
almost totally brachypterous population 4016, Table 8. and population 
4015, Table 20.) . Males are not so clearly predominant among the macro
pters. 

In spring G. lacustris engages actively in dispersal flights and is seen 
in almost every kind of water. During the dispersal period (or recolonizing 
period) individuals are occasionaliy observed in flight in the day time. 
For example, a female flew through the open window of a moving car in
to my lap in Siuntio (667:34) on 1971-05-08. The road wound above a 
fairly rapid stream at the border of woods and open terrain. 

Later on the indirect flight muscles of both the males and females under
go histolysis and the bugs lose their ability to fly. Dissections of females 
revealed only occasional individuals with unreduced flight muscles in late 
June (cf. ANDERSEN 1973, DARNHOFER-DEMAR 1969). 

Before the loss of the ability to fly, mass flights occasionally take place 
from established populations of G. lacustris. On a lake-shore in summer 
1969, the size of population 2110 (estimated by the Lincoln method) and 
the sex ratio of the macropters fluctuated as follows: 

(Deviation from even 
Date Pop. size o'9. sex ratio) 

X! 

5 June 265 64/67 
6 June 345 27/26 
7 June 352 13/48 20.08*** 

11 June 286 26/51 8.12** 
13 June 225 22129 
16 June ? 15/14 
18 June (2) 1/1 

The sex ratios among control individuals and new, unmarked bugs were 
compared in order to discover whether a mass immigration of females or a 
mass emigration of males was involved. 

7 June 

11 June 

Controls Unmarked 

6 
23 
14 
29 
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Females were found to be dominant in both the controls and unmarked 
imagos, which is the result of the mass emigration of males, as marked and 
unmarked bugs may be excepted to emigrate at the rates at which they 
occur. 

Between 13 and 16 June a sticky mat of conifer pollen with 100 Ofo 

coverage formed on the water. This (and/or the hot weather occurring at 
the same time) probably prompted the flight of the males, and later per
haps also that of some females. TI1is suggests that the males have a stronger 
disposition to flight than the females and/or that the reduction of the flight 
muscles is not so widespread in the males as in the females . Earlier I 
reached the same conclusion in studies on a G. odontogaster population 
(VEPSALAINEN 1971b). 

The intensive spring dispersal combined with a fairly restricted habitat 
selection have interesting consequences for the G. lacustris populations and 
their distribution. The "typical" ones are relatively large with only occa
sional specimens of other Gerris species and are found in more or less barren 
habitats (VEPsA.t.i\.INEN 1973a). In addition, more widespread, fairly small 
populations exist, which are intermixed with populations of other Gerris 
species. The habitats of the latter type of population are probably re
established by only a few G. lacustris imagos every spring. Most of the 
individuals found in a variety of habitats in early spring (about mid May 
in South Finland) presumably soon move to the habitats of the "typical" 
populations, and only some individuals commence reproduction elsewhere. 
When these two types of populations, pure and mixed, are compared, a 
profound difference in brachypter frequencies is observed (samples from 
July, when the emergence of the new generation has begun, pure popula
tions 4228 and 4229, and mixed populations 4234, 4210, 4211, and 4202): 

Mixed populations 
Pure populations 

Percentage of 
Br Ma 

7.0 
70.3 

93 .0 
29.7 

100 
101 84.78*** 

This difference is difficult to explain by the environmental determina
tion of wing length. On the other hand, if the overwintering short-winged 
and long-winged G. lacustris individuals are assumed to differ genetically 
(VEPSALXINEN 1971a, 1974c), then it is only to be expected that the off
spring in the more or less temporary populations (mixed ones) will be long-
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winged more often than in the more stable populations. The occurrence of 
brachypterous offspring in a newly colonized pond may be ascribable to 
the copulation of a long-winged female with a short-winged male before 
the colonizing flight, or to a photoperiodic switch (long, lengthening illu
mination rhythm in early summer, and short, shortening days in late 
summer; VEPSALI\INEN 1974c). 

3.2. Gerris lateralis Schummel 

The species is distributed all over the country; it is the co=onest water-strider in the 
north but very sporadic in the south. In South Finland it prefers small shady pools, 
mostly springs, but in northern Finland where the only competitive congeneric is G. odon
togaster, the habitat spectrum is widened to include the shores of rivers and lakes (VEPSA· 
LAINEN 1973a). 

The drainage of bogs has opened up a new habitat for the species in South Finland, 
as even the predominantly apterous individuals inhabiting springs are able to invade the 
drainage ditches. So the present habitats of G. lateralis include both warm-water ditches 
and cold-water springs. 

The first individuals are seen in the middle of April, but in more shady sites (e.g. 
population 2004) the water may sometimes still be ice-covered at the end of April (1968-
04-28), and even when it is ice-free (1968-05-04), the first water-strider may not occur 
until later. EKBLOM (1949) showed that apters appeared earlier than macropters in his 
study pond. 

Although the range of habitats of G. lateralis in spring is clearly wider 
than during the larval season (VEPSALAINEN 1973a), it seems less vagile 
than all the preceding species. Individuals taking flight during the marking 
procedure were often noticed in G. thoracicus, G. rufoscutellatus and G. 
odontogaster in hot weather, but only once in G. lateralis: In 2101/690618 
a macropterous male from a shady spring flew away when left after 
marking in a dry plastic container in bright sunshine; the temperature in 
the shade was 25°C. True, when kept in small containers in the laboratory 
most individuals of Finnish Gerris species with the ability to fly try to fly 
away during the first two days after capture in spring. The habitat se
lection in the individuals undertaking dispersal flights is essentially an 
opportunistic trial-and-error mechanism, which needs such rectifying be
haviour before copulation and egg-laying commence and the flight muscles 
begin to degenerate. 

Owing to its sporadic occurrence, G. lateralis is faunis tically poorly known in South 
Finland. It seems to be a late species in spring habitats, where the new generation does not 
begin to emerge before the beginning of August: in 2101 on 5 August, 6 exx. belonging to 
the overwintered generation, which had mostly died, and the larval instar % were as 
follows (n = 28): 5th 32.1, 4th 57.1, 3rd 7.1 and 2nd 3.6. On the other hand, in warm 
habitats the first 2nd instars were seen on 11 June (square 40; 1st instars on 15 June in 
square 21), and in the ditch population 2001 on 30 July nearly all the imagos (135 exx) 



ACTA ZOOLOGICA FENNICA 141, 1974 29 

belonged to the new generation and the larvae were mostly (97.1 %, n = 34) 5th instars. 
In exceptionally warm and open ditches in bogs in southern Finland, 5th instar larvae are 
captured from late June onwards (3131n30626). Further early records: 4th instar on 28 
June, square 42; 5th instar on 29 June in sq. 33, on 1 July in sq. 22 and on 3 July in sq. 
24; many newly emerged imagos on 16 July sq. 24. These observations are extracts from a 
total material of 656 larvae. 

In North Finland the reproductive season begins before that of G. lacustris and G. 
odontogaster (3rd instars on 30 June, square 46), and there it seems to be the first species 
to show imagos of the new generation in the latter half of July. 

Laboratory experiments have shown that G. lateralis develops fastest 
of all the Finnish water-striders (VEPSii.LAINEN 1973b). The late emergence 
of the new generation in many South Finnish populations is thus due to 
extremely unfavourable temperature conditions in the usual habitats of 
G. lateralis. 

If it existed in Finland, a non-diapause imago that had not overwintered 
might be expected to be ± totally dark below, like G. thoracicus and the 
Hungarian G. asper Fieb. (VEPSii.Lii.rNEN 1974b). Females with a dark 
ventral side were dissected to check for eggs and maturing oocytes: 

4034n30804; 2 young, 2 older new-generation apters: immature. 
2412/670716; 6 young, 7 older macropters, one older apter, ± all of the new generation: 
immature. 
4202/660729; 1 young, still red-brown (not black) below, apter: immature; 1 young, still 
red-brown below, macropter: maturing, largest oocytes > 600 f.UD. 
3131n30626; a 5th instar female larva: maturing? Largest oocyte about 210 f.Ull· 

Owing to the scarcity of G. lateralis material from South Finland, only 
a few mid-summer females could be dissected. The results seem to suggest 
that a partial, second generation may occasionally occur in the warmest 
habitats, but this should be verified with more dissected material. 

In Finland the species may be regarded as univoltine, and the dimorph
ism is of the same type as in northern G. lacustris populations. However, 
in G. lateralis the main morphs are the apter and the macropter. The 
micropters are included with the apters in most statistical analyses. How
ever, the micropters could properly be kept in their own group, as EKBLOM 

(1949) has shown that micropters emerge from the type of fifth instar 
larvae that usually produces macropters. 

The apter frequencies are very high in most populations in both South 
and North Finland (Table 23.). They are higher in females than in males, 
and higher in the overwintered individuals. After wintering males are 
dominant among both apters and macropters, but in late summer in the 
new generation the sex ratio is more or less even among the macropters and 
shows a marked female dominance among the ·apters (Table 27.). Square 
24 differs from the other localities in showing a high macropter frequency 
both before and after winter. 
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4. Permanent monomorphic macropterism 

4.1. Gerris rufoscutellatus Latreille 

The species extends throughout South and Central Finland to the southern border of 
Lapland (66°23' N) (VEPSALAINEN 1973a). The earliest records in spring are as follows: 
400ln00512 (2 ~). 400ln00513 (1 c) ), 4014n00513 (1 ~ ) and 4023n00523 (1 0 2 
~), and at the innermost part of the Bothnian Bay in 2417n30521 (4 o 4 ~) . The last in 
autumn are: 2007/671015 (3 c)) and 2002/671004 (7 larvae, 2nd to 5th ins tars). 

In the large water-strider species it is especially easy to recognize the females bearing 
several mature eggs without dissection, since they have greatly swollen abdomens (cf. MITIS 
1937). Such females are observed in G. rufoscutellatus from late May onwards (e.g. 4007/ 
710526, all 4 ~~; 4016n20530 1 ~). The first eggs thus seem to be laid in late May. 

The earliest 1st instar larva was captured in 400ln00613, and the first 4th instar one 
in 400ln30624 (Table 24.). The fact that the earliest instars were found there may be due 
to the extensive studies performed on population 4001, but the pond is also known for its 
exceptionally favourable temperatures (VEPSALAINEN 1971b). 

The first newly emerged, still pale and soft imago was caught in 4016n20711 (1 c)) , 
microclimatically one of the most unfavourable places for rapid development. Further, in 
4028n20712 a new-generation male was captured at a time when all the G_ lacustris indivi
duals (36 exx) were still overwintered ones. 

The above observations indicate that throughout southern Finland (up 
to approximately 62°40' N) some G. rufoscutellatus larvae reach their 
fourth instar by the summer solstice. 

Nevertheless, contrary to the position in G. odontogaster and the other 
species treated in the preceding sections no seasonally restricted dimorphism 
arises in July (Table 25.). All the 184 museum specimens (ZMH) are 
macropters. 

There are, however, slight indications that a few imagos may occasio
nally reproduce soon after the final moult without a preceding diapause: 
There is a small second peak of young instars in the larval material, and 
second to fifth instars have been caught as late as in October (2002/671004) 
(Table 22.) . A female that was full of mature eggs in late July (3321/ 
700726) may have belonged to the new generation, although this could not 
be proved. In prac.tice, however, G. rufoscutellatus is a typical univoltine, 
macropterous species in Finland. 

G. rufoscutellatus readily takes flight when disturbed: in 40 1/710623 
1 d flew away when the shadow of my nylon pond net fell upon the 
water; in 4016/730523 1 S? took flight when cast in the air; in 2102/690614 
several individuals flew away from a one-litre plastic container during 
marking - temperature in shade 25°C. Many individuals seem to retain 
the ability to fly thoroughout their lives, as in G. thoracicus. 
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4.2. Locally monomorphic species 

All the populations of G. odontogaster in northern Finland, and most of 
the populations of G. paludum and G. thoracicus are monomorphically 
long-winged and univoltine. In these species seasonal dimorphism is as
sociated with bivoltinism, and monomorphism with univoltinism. 

5. Monomorphic apterism 

5.1. Gerris najas De Geer 

The species is a very local and southern one in Finland (VEPSALAINEN 

1973a), where it is totally apterous throughout the year (Larry Hulden, 
pers. comm.). Among the 38 apterous museum specimens (ZMH) is one 
brachypterous female (fore-wings 7, hind-wings 6), caught in Kl: Sorta
vala, Kirjavalahti, USSR, (61 °48' N). 

It is possible that the classification of G. najas as monomorphic might 
be disproved if more material were available from throughout the year (cf. 
PorssoN 1951, and KRAJEWSKI 1969). The life cycle is univoltine (Larry 
Hulden, pers. comm.). 

5.2. Gerris sphagnetorum Gaunitz 

Some scattered populations are known in western Finland (VEPSALAINEN 

1973a). All the Finnish specimens caught are apters and were taken in May 
or June. 

As the material is small and consists solely of overwintered individuals, 
the possible wing length variation in G. sphagnetorum remains obscure. 
Macropterous individuals will probably be found later, as the morph is 
known from Sweden (GAUNITZ 1947). 

V. COMPARISON WITII OTHER GEOGRAPIDCAL AREAS 

The univoltine populations of G. odontogaster in northern Finland are 
exclusively long-winged. In southern Finland, where a partial second ge
neration is produced, the mid-summer population is dimorphic and the 
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overwintering generation macropterous. The SW morph is, however, the 
only reproducing morph in mid summer, as the LW imagos are in pre
winter diapause. 

In northern Sweden only macropters are encountered (EKBLOM 1950) 
but further south micropters are met in mid summer (BERGGREN 1971). In 
Denmark (LETH 1943, ANDERSEN 1973) the relation between the wing 
morphs and the life cycles of G. odontogaster populations is like that in 
southern Finland. The situation is also the same in England (BRINKHURST 
1959), Germany (JoRDAN 1943) and Austria (Mrr1s 1937), but the morph 
composition of the reproducing mid-summer imagos is not known from 
Germany and Austria. 

In ·Hungary the reproductive season of Gerris species is much longer than 
in northern Europe. The second generation is a complete one, and a third 
generation is probably begun, at least locally. The populations are season
ally dimorphic here also, but the mid-summer population contains both 
SW and LW imagos with the light-coloured venters typical of non-dia
pause individuals (VEPSALAINEN 1974b). LW non-diapause imagos have 
occasionally been caught as far north as in southern Finland (p. 16). 

In G. argentatus no completely univoltine populations are known. From 
southern Finland to Hungary, the relation of alary dimorphism to the 
reproductive stages and life cycles is similar to that in G. odontogaster -
the morph variation being greater in the Hungarian mid-summer popula
tions in this species as well (LETH 1943, BRINKHURsT 1959, PmssoN 1924 
and GuTHRIE 1959 from France, MITIS 1937 and VEPSALAINEN 1974b). 

G. paludum shows a similar pattern of morph frequencies in the area ex
tending southwards from Finland to Hungary; the SW morph is restricted 
to mid summer and the overwintering generation is long-winged (LETH 
1943, BRINKHURST 1959, MITIS 1937, VEPS.A.LAINE 1974b). G. thoracicus is 
usually univoltine in Finland. However, when a partial second generation 
occurs locally, it is produced by a minority of brachypterous imagos in an 
otherwise macropterous population. The bivoltine populations also show 
seasonally restricted alary dimorphism in England (BRINKHURST 1959) and 
France (PoiSSON 1924 ). The bivoltine populations in Austria (MITIS 1937) 
and multivoltine (two or more generations without an intervening dia
pause) populations in Hungary are long-winged throughout the year (VEP
s.Ar.AINEN 1974b), and LETH (1943, 1948) reported only macropterous ima
gos from Denmark. The 30 imagos collected by TEYROVSKY (1968) on 
High Tatra in July were also macropters, but STEHLIK (1952) found five 
females with slightly reduced and stenopterous wings amongst 21 imagos 



ACTA ZOOLOGICA FENNICA 141, 1974 33 

collected in July on the High Jesenik mountains in Czechoslovakia. JoR
DAN (1947) considered the species in Germany mostly macropterous. 

G. rufoscutellatus seems to be practically monomorphic from northern 
Finland to Austria. Some sporadic brachypters are also known (JoRDAN 
1950, and this paper). The five females with reduced wings amongst 
70 imagos collected between 16 July and 3 August from the High Jesenik 
mountains in Czechoslovakia (STEHLIK 1952) indicate that in exceptional 
environments a dimorphic population may evolve (the climate in High 
Jesenik is high boreal; the summer temperatures resemble those in Kuusamo, 
Finland, ea. 66° N). 

The univoltine populations of G. lacustris near the northern border of 
the species are dimorphic with a marked predominance of brachypters 
throughout the year. A morph-ratio dine is evident in Finland, the brachy
pter frequency decreasing towards the south and being lowest, almost zero, 
at the border between the uni- and partially bivoltine populations in 
southernmost Finland. Throughout southern Finland a partial second 
generation is locally (in favourable years) produced by short-winged, light
ventered imagos of the first generation. The dark-ventered imagos emerge 
after mid July and are in pre-winter diapause. The peak of light-ventered 
brachypters in mid summer becomes more pronounced southwards, where 
the brachypter frequency in the overwintering generation is low (ANDERSEN 
1973 in Denmark; cf. also LETH 1943). In England (BRINKHURST 1959), 
France (PorssoN 1924) and Austria (Mrns 1937), the brachypter frequency 
measured as a function of time is similar to that in Denmark (cf. the ob
servations of GuTHRIE 1959 from England, France and Spain). In a pond 
population studied by TEYROVSKY (1952) in Czechoslovakia, the relations 
of the morphs were as follows: July Br, August Br < Ma, September Br > 
Ma and October Br (the size of the samples was not given). 

In Poland (VEPSAL~INEN & KRAJEWSKI 1974) and Hungary (VEPSA
Lii.INEN 197 4b) the mid-summer reproducing populations of G. lacustris 
comprise both SW and LW light-ventered morphs; the situation resembles 
that in Hungarian G. odontogaster populations in mid summer. A light
ventered, macropterous, mid-summer female was once caught as far north 
as in Denmark (ANDERSEN 1973). In locally unfavourable microclimatic 
conditions the populations may remain more or less univoltine (but di
morphic) as far south as in Austria (DARNHOFER-DEMAR 1973). 

ANDERSEN (1973) noted that the relative wing lengths of the mid
summer brachypters of G. lacustris were shorter than those of the over
wintering brachypters. 

The populations of G. lateralis are usually dimorphic with a high 
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frequency of apters. In Finland they seem to be univoltine from Lapland 
to the south coast, although the local occurrence of a partial second gene
rations cannot be excluded. The apter frequency is also high in Sweden 
(EKBLOM 1928, 1941, 1949), as well as in Denmark (LETH 1943; in addi
tion, the 23 specimens checked by me in the Zoological Museum at Aarhus, 
were all apters), Germany (JoRDAN 1947), France and England (GuTHRIE 
1959). The voltinism in different parts of Europe is unknown. No clear 
dine is evident in the morph frequencies. The LW morph is, however, 
most frequent in the areas where the species is commonest. Exceptionally 
high frequencies of macropters have been recorded near Oulu in northern 
Finland. 

In southeastern Europe G. lateralis is replaced by G. asper Fieb., which 
in Hungary is dimorphic and most probably bivoltine (VEPSALAINEN 
1974b). 

G. sphagnetorum seems to be dimorphic, as both the apterous and the 
the macropterous morph are known from Sweden (GAUNITZ 1947). The 
apter is, however, dominant, and is so far the only morph known in Fin
land (VEPSALAINEN 1973c) and Poland (MIELEWCZYX 1971). 

The G. najas populations are univoltine and apterous in most parts of 
Europe (BRINKHURST 1959), but dimorphic ones (voltinism?) are also 
known (PmssoN 1951, KRAJEWSKI 1969). 

Of the European Gerris species not studied by me, G. costai H.-S. was 
reported to be univoltine and macropterous by M:rTIS (1937) and BRINK
HURST (1959), but JoRDAN (1947) also recorded rare SW irnagos. G. gibbi
fer Schumm. has previously been considered mainly macropterous but a 
small proportion of brachypterous individuals (without flight muscles) are 
encountered in England (BRINKHURST 1959), Czechoslovakia (STEHLIK 
1952) and Germany (JoRDAN 1947). The brachypter frequency of a bivol
tine population may be about 40 °/o throughout the year, at least locally 
(FtiRSTER 1954; in a "Moorgebiet" in Germany). 

The only G. brasili Poisson specimen caught in Portugal was LW (NIE
SER 1969). 

The observations made on Gerris populations in nature accord with my 
tentative hypothesis regarding the factors determining wing length and 
diapause behaviour (VEPSALAINEN 1974c). This hypothesis does not pre
suppose any genetic differences between the morphs of seasonally dimorph
ic species. Photoperiod is assumed to be the primary switching agent guid
ing development to a reproducing SW morph (lengthening days) or to a 
LW morph in pre-winter diapause (shortening days). High temperature is 
assumed to direct the development in long, lengthening days to a LW non-
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diapause imago. The differing morph ratios in the offspring of SW and 
LW crosses are explained by supposing genic segregation at one locus in 
G. lacustris and G. lateralis. All the known wing length cases in the species 
studied can be explained on the basis of this hypothesis. 

Alary dimorphism is widespread in the near relatives of Gerridae, the 
pond-skaters of the families Veliidae (Microvelia and Velia), Mesoveliidae 
(Mesovelia), Hydrometridae (Hydrometra) and Hebridae (Hebrus), but in 

most species apters are the common morph and alates are more or less 
rarities (SouTHwooo & LESTON 1959). A review of the biology of these 
groups will certainly yield information relevant to the adaptive strategies 

of surface-dwelling bugs. 
The flight muscle polymorphism and diapause behaviour of corixid 

water bugs are basically similar to those of bivoltine G. lacustris populat
ions (e.g. YoUNG 1970). 

VI. COMPARISON OF THE ADAPTIVE SIGNIFICANCE OF THE 
MORPHS 

In the earlier literature attempts were made to reveal the adaptive signi
ficance of one or other of the morphs in a given Gerris species with a 
genetic switch for wing length. 

The previously popular assumption of the inviability of the dominant 
homozygote is not valid for G. lacustris, and the evidence in G. lateralis 

is too meagre to allow any conclusions (VEPSALArNEN 1974c). 
If it could be shown that the SW morph produces more eggs than the 

LW morph then the selective advantage of the morph would be evident. 
A counterbalancing factor in the LW morph would be a less pronounced 
susceptibility to drying environments. PorssoN (1924) did in fact claim 
that brachypterous G. lacustris females laid more eggs than macropters, 

but evidence of this was never published. No significant differences in egg 
production were found between the morphs of G. lacustris by ANDERSEN 
(1973) or between the morphs of G. lateralis by GuTHRU: (1959). Nor are 
any differences revealed by my additional data on G. lacustris. 

8-day period, 26±1°C and illumination with long, constant photoperiods: x = 32.6± 
4.64 e.ggs/ Br ~ (n = 15 females from population 4016) . . 

6-day period, 26 ± 1 °C and short, shortening photoperiods: brachypterous females (n = 
9 from 4016) laid on the average 7256 ± 10.45 eggs/female, and macropters (n = 9 from 
4028 and 4015) 61.11 ±9.87; no statistically significant differences between the morphs 
(t = .7969, dl. 16). 
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6-day period, 26 ± 1 °C and short, lengthening photoperiods: brachypters laid 58.83 ± 
6.31 eggs/female (n = 12 from 4016), and macropters 50 .20 ± 12.13 (n = 5 from 4028 
and 4015); t = .6935, d.£. 15, not significant. 

The production of equal quantities of eggs per unit time in the two 
morphs is explained by the fact that in most Gerris species the indirect 
flight muscles of macropters are histolyzed early in the reproductive season 
after the winter. The storage space for eggs is thus about the same in the 
two morphs, or perhaps even larger in the macropter, in which the outer 
measurements of the thorax are greater. However, the total number of eggs 
produced should also be considered in the search for possible differences in 
egg production between the morphs, as selection works in favour of that 
morph which contributes a greater number of viable eggs/ female to the fol
lowing generations. The morph that begins reproduction earlier may gain 
an advantage through logarithmic growth if a second generation is begun. 
Likewise, if one of the morphs lives longer in the summer, the total number 
of eggs produced may be expected to be greater. These factors seem to 
favour the brachypterous morph, but this point is difficult to prove. 

POISSON (1924) and LARSEN (1950) (both writing of G. lacustris) and 
GuTHRIE (1959; of G. lateralis) claimed that the rate of development of the 
SW morph is faster than that of the LW morph. In a later study (VEPsA.
LAINEN 1973b) it was shown that the evidence, if any, for their opinions 
was all but convincing (see further ANDERSEN 1973 ). 

EKBLOM (1941) showed that the cold-hardiness of the apterous morph 
of G. lateralis is higher than that of the macropter. BRINKHURST (1959) 
criticized the conclusions drawn from this observation, and pointed out 
that it does not per se give the apterous morph an advantage over the other 
morph, as macropters are able to fly and can thus find microclirnatically 
more favour~ble overwintering sites than the apters, which are forced to 
stay near their summer haunts. Nevertheless, the supposed heterotic cold
hardiness of the heterozygote SW individuals has been suggested as a pos
sible explanation of the increase in the frequency of brachypters towards 
the north in G. lacustris (VEPSALAINEN 1971a). Later experiments (below) 
revealed that if any differences exist, the macropterous morph seems to be 
the cold-hardier morph. 

Imagos from 4015n20829; kept 29 August- 17 September at 2°C. All were diapause 
individuals (one newly moulted Br ~). 

Died (%) 
No. of specimens 

Br 5 
82.8 
29 

Br ~ 

60.0 
20 

X(~) = 11.432**, P < .01. 

Ma5 
55.0 
40 

Ma~ 
40.0 
40 
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Young newly emerged imagos die easily, regardless of the morph. It seems that the 
physiological condition of diapause is not achieved before the chitin is completely hardened. 
EKBLOM (1941) noted that after the final ecdysis imagos of G. lateralis foraged for 7 to 9 
days before they "settled to rest" (nahmen 'Schlafstellung' ein). Imagos from 4028n30820; 
kept 22-29 August at + 2°C. 

Br o Br~ Mao Ma~ 

Died(%) 33.3 20.5 8.8 12.8 
No. of specimens 30 39 34 47 

xci> = 7.75, P < .10. 

Almost all the individuals that died were still soft and poorly pigmented. 

Imagos from 4028n30822; kept 23 August-23 September at +2°C. 

Died(%) 
No. of specimens 

Br o 
100.0 
18 

Br~ 

95.2 
21 

Mao 
98.3 
60 

Ma~ 
92.2 

153 

No clear differences in viability between the morphs were revealed in this experiment. 

Reproductively mature individuals are very susceptible to cold treatment. When the 
offspring of G. lacustris from the 1972 crosses were divided into females with eggs and 
females without eggs, the difference in cold-hardiness was statistically very significant 
<x~ = 14.162***, P < .001): 

~~ with eggs ~~ without eggs 
Died (%) 100 50 
No. of specimens 22 49 

The difference in the physiological state arose from different developmental environ
ments: 45.5 % of the offspring reared in a long, shortening day died during the experi
ment, while 82 % died of those reared in a long, lengthening photoperiod <x2 
11.316***, P < .001) . •c 

GUTHRIE (1959) discussed the possible difference in cold-hardiness of 
the morphs but made his experiments on G. odontogaster. His results de
monstrate thus only that the non-diapause micropters died after cold 
treatment while most of the macropters (which were in diapause and 
accordingly ready to overwinter) survived it. In a seasonally dimorphic 
species there are naturally no genetic differences between the morphs, on 
the average. 

Selective mating could also maintain genetic polymorphism, but my only 
experiment with G. lacustris individuals taken from 4015/730531 to the 
laboratory failed to reveal any deviations from random mating (8 experi
ments, 273 individuals, altogether 47 copulae; Xci> = 1.47, not signifi-
cant). · 

GUTHRIE (1959) and BRINKHURST (1959) compared the skating abilities 
of the morphs but found no differences. However, as the striding force of 



38 Kari Vepsiiliiinen: Life cycles and wing length of Finnish Gerris species 

brachypters is the same as that of macropters, according to BRINKHURST 
(1959), more vigorous movement over the water surface could be expected 
of brachypters owing to their smaller mass (males and females treated sepa
rately; my own unpublished data). However, laboratory experiments on 
the jumping abilities of the morphs revealed that if differences exist, they 
seem to be in favour of the largest morph, the macropterous female (my 
own unpublished results). 

I have above reviewed efforts to discover some adaptive advantage in 
one or the other morph, but the results are rather inconclusive. The most 
important is that the concept of an advantage conferred by the cold
hardiness of brachypterous G. lacustris individuals must be discarded, as 
must the earlier suggestion of the inviability of the dominant homozygote. 

BRINKHURST (1959) was the first to seek an explanation of the alary 
dimorphism of gerrids in the ecology of the species. He evidently also rea
lized that the maintenance of polymorphism must be elucidated by study
ing the advantages and disadvantages of all the morphs in a population, 
instead of concentrating on one morph alone. He stressed the need of dis
persal in pond dwellers, which favours macropterism in univoltine popu
lations, but SW morphs in the first generation of bivoltine populations -
provided that the risks of mid-summer flights are greater than the risks of 
staying in a more or less temporary pool. ANDERSEN (1973) showed that 
the advantage of brachypters in mid summer lies in the immediate com
mencement of reproductive activities without the intervening teneral de
velopment of indirect flight muscles. 

Carrying the idea of the relation between the wing morphs and the 
environment further, I stressed the importance of the ability to fly in the 
overwintering generation of species of temporary habitats, pointing out 
that it gives the advantages of reaching microclimatically favourable winter 
habitats and effective spring dispersal (VEPSALArNE 1971 b). The rnicro
pters are forced to stay in the favourable habitats in which they develop 
and to contribute without delay (due to the building of flight apparatus) 
to the overwintering generation, whose growth accordingly becomes loga
rithmic. As the first generation of the seasonally dimorphic populations in 
Finland also contains LW diapause individuals, the occasional drying up 
of the pond seldom completely destroys the population. 

The above does not, however, explain the dimorphic situation in the 
reproducing population in mid summer, shown to be especially complicated 
in Hungary (see VEPSALAINEN 1974b). In a recent study (VEPSAL~INEN 

1973a), I connected the variation in wing length of Gerris species with the 
degree of uncertainty of the environment. In the following section the 
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problem is approached with the fitness-set reasoning developed by LEviNs; 
for terminology and methodology, consult LEVINS (1961, 1968a). It has 
recently been suggested (TEMPLETON & RoTHMAN 1974) that Levins' 
approach (which maximizes the average fitness of the population over all 
environments) could be replaced by the Maximin approach, which maxi
mizes minimum fitness over all environments. The superiority of Levins' 
approach lies, however, in its assumption that evolution is opportunistic. 
True, the Maximin population is effectively buffered against environment
al changes, provided it is able to exist in a competitive community. 

VII. THE ADAPTIVE SIGNIFICANCE OF ALAR Y DIMORPIDSM 
AND THE DIAPAUSE BEHAVIOUR 

1. High temporal uncertainty of the environment 

Few pieces of water are permanent measured by the life-span of a spe
cies and even fewer on a geological scale. Water-striders of the genus Gerris 
usually avoid large, open stretches of water, and tend to prefer small water 
bodies. Accordingly most Gerris localities are semi-permanent or temporary 
(VEPS..i\.Lii.INEN 1973a). 

Temporary habitats involve uncertainty for the local population. (The 
uncertainty occurs, however, with a high probability and similarity every 
summer, i.e. the environments of successive summer generations are corre
lated.) The relevant aspect of temporal variation in the case of Gerris is 
the change from a wet to a dry pond. Since no reproducing Gerris popula
tion can support a dried-up pond, the crucial problem for the population 
is to retain a wet environment. The continued existence of the species de
pends on the maintenance of equilibrium between the rates of successful 
colonization and extinction (LEVINS 1969a). 

If the age of the habitat is less than the development time of one ge
neration of the offspring (i.e. the environment is fine-grained), the habitat 
is unsuitable for water-striders. If the temporal variation is short-termed 
but allows the development of one generation of the offspring, the popu
lation can be maintained by migration and successful colonization of new 
ponds between each generation. These conditions favour the LW morph. 
This strategy has been realized in the Hungarian G. thoracicus, which in-
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habits small ponds and gravel pits, etc., especially liable to dry up during 
the long and warm summer (VEPS..j\LAINEN 1974b). 

The stochastic variation in the length and intensity of periods of local 
drought is remarkable. On the Finnish coast droughts lasting about two 
weeks occur almost every year in the early summer; drought periods of one 
month occur on the average every third year (every sixth year inland); and 
drought periods of two months or more occur about once in 25 years 
(about once in 100 years inland) (KERANEN & KoRHO E 1951). 

If the total number of populations is small, it will be strongly affected 
by stochastic variation in the local extinction rates; odd periods of pro
longed drought may completely extinguish the species. If the total number 
of populations is high, variation in the extinction rates will have relatively 
little effect on the number of populations (LEVINS 1969a). The behaviour 
of water-striders accords with the theoretical predictions. All the Gerris 
species that inhabit temporary habitats are known for their high vagility 
and commonness. E.g. G. thoracicus is fairly common throughout its range 
(VEPsALAINEN 1973a), and in Hungary it is the most common and abun
dant species in small ponds (VEPSALAINEN 1974b). 

The average risk of the habitat drying up decreases westward in Europe, 
as the climate becomes more maritime. It also decreases towards the north, 
where the temperatures are lower on the average. The wetness of the habi
tat naturally depends on other factors as well, but these, e.g. precipitation, 
do not change the general differences between Hungary and Finland : the 
average risk of temporary ponds drying up is smaller in Finland than in 
Hungary. Moreover, in Hungary the rainy months are May and June and 
the rest of summer is remarkably dry (DA.vm 1972, KERNA.cs 1970); in 
Finland May and June are dry, and July and August are the rainiest months 
(Monthly Rev. Finnish Climate 55-66). Further, the climate of Hungary 
is drier in general than that of Finland. This is most clearly reflected in the 
natural vegetation regions: Finland lies in the coniferous forest region, and 
Hungary in the region of grassland surrounded by deciduous forest (FIRBAS 
1962). The grassland region suffers from drought especially in late summer, 
from July onwards; when the late second (and the partial third) generations 
of water-strider are developing. In southern Finland Gerris populations 
are uni- or bivoltine; in the latter case the second generation is only partial 
and develops during the rainiest period of summer (VEPsALAINEN 1974b: 
Table 8.). 

A shift towards maritime or more northern climates means also a shorter 
reproductive season. In southern Finland the length of the Gerris season is 
about 4 months and in Hungary it ranges from 6 to 9 months (VEPS. .. LAJ-
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NEN 1974b). In northern Europe there is little time for even a partial se
cond generation to develop, and characters promoting the rapid commenc
ing of a new generation can be expected to be favoured. When the risk of 
the pond drying up decreases, the selection against SW imagos is reduced. 
ANDERSEN (1973) showed that SW imagos are able to begin reproductive 
activities soon after the final moult; the advantage is especially great in the 
females, which are able to produce eggs without the prior energy-consum
ing maturation of flight muscles. Thus the disadvantage of a SW mid
summer population may turn to an advantage in more stable environments 
with a shorter reproductive season. Moreover, the losses of LW individuals 
during flight may outweigh the advantages of a new habitat. A SW mid
summer reproducing population is the strategy of partially bivoltine G. 
thoracicus, G. odontogaster, G. argentatus and G. paludum populations in 
Finland, Denmark, England and France. 

The suitability of temporary ponds for reproduction must be evaluated 
anew every spring (in warm climates with long summers even between 
every generation). The Gerris species of temporary habitats are LW in 
winter. They migrate in late summer to terrestrial wintering habitats often 
far from water. In spring, dispersal flights take place; gerrids have been 
caught in flight over the Pacific as much as 1300 km from the nearest land 
(GRESSITT et al. 1962). It seems unlikely that any mechanism exists for 
orientation to the birth-place. The final habitat is often reached by trial
and-error landings on ephemeral pieces of water. When reproduction has 
begun, the indirect flight muscles degenerate in most species. Even later 
in summer individuals with the ability to fly may take flight if the tempe
rature reaches a certain level; the threshold value seems to be about 25°C 
(daily maximum; cf. SoUTHWOOD 1962) (VEPSiJJ\.INEN 1971b, 1973a). LW 
individuals of the species of the most temporary habitats (G. thoracicus) 
and the monomorphically LW species (G. rufoscutellatus) retain, however, 
the ability to fly throughout their lives. 

In Gerris species of temporary habitats, two alternative strategies may 
then evolve : a monomorphic LW one (in a fine-grained environment), or 
seasonal dimorphism with SW (and LW) individuals in summer and LW 
ones in winter (relatively coarse-grained environment) . Univoltine popu
lations are LW throughout the year. When the environment is subject to 
short-term variation a genetic change in response to selection would lead to 
the Epaminondas effect, named by LEVINS (1961) after "the small boy 
who always did the right thing for the previous situation." A genetic 
switch for wing length cannot cope with short-term temporal variation 
and must be replaced by an environmental one. 
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In northern Europe, where only a part of the first generation has time 
to reproduce without intervening diapause and overwintering, the wing 
length and diapause behaviour in seasonally dimorphic populations are 
intimately connected: reproducing imagos are SW and diapause individuals 
are LW. Shortening days during larval development guide the development 
to a LW diapause imago (VEPsALAINEN 1971 b, 197 4c). This strategy is 
suitable in northern Europe, where a pond which has not dried up by the 
beginning of July does not usually do so even later in the summer. 

In climates where the whole first generation participates immediately in 
reproduction, a photoperiodic switch to a SW morph could lead to wide
spread extinction of the species during hot and dry summers. Here it is as
sumed a stochastic switch related to the stochastic variation in the drying
up of the habitat during summer. The local temperatures (high vs. low) 
during larval development operate as such a switch (interacting with 
photoperiod) and divide the population to SW and LW reproducing ima
gos, the morph ratios reflecting the local course of temperature (VEPSXL.Ar
NEN 197 4c ). In consequence, the proportions of the morphs track fairly 
well the environmental variation in the otherwise highly unpredictable 
habitats (cf. CoHEN 1967b). 

G. odontogaster most probably produces a partial third generation 
locally in Hungary. The reproducing mid-summer population is dimorphic; 
the morph ratios may differ considerably between populations (VEPsALAI
NEN 1974b). LW imagos undertake colonizing flights between each gene
ration. FERNANDO (1959) studied such flights of water insects and reported 
the arrival of one G. odontogaster female in August in his artificial ponds, 
where it produced one generation of offspring. 

Most water-striders of ± temporary waters are seasonally dimorphic 
and LW in winter. They overwinter on land and perform effective colo
nizing flights in spring. In this sense they are obligatory pulse migrants 
(see MAcARTHUR 1972:151). 

Data on the rates of development (VEPsALAINE 1973b) suggest, that the 
highly vagile species of temporary habitats are also fugitive species (sensu 
HuTCHINSON 1951); which are only able to compete with other Gerris spe
cies by vigorous dispersal and rapid colonization of new transitory pools. In 
less temporary ponds they are likely to be displaced by other gerrids whose 
development is faster. Some evidence of this was recently reported from 
nature (VEPSALAINEN 1973a: 435-436). 

G. lacustris has combined the permanent population strategy with that 
of pulses of colonizing flights: some of the individuals reproduce in newly 
colonized temporary habitats, which are left by the offspring before winter. 
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FIG. 9. The fitness points of SW and LW 
morphs in temporally uncertain pieces of water. 
The fitness of LW is lower than the fitness of 
SW in wet - this follows ftom losses during 
migration flights of LW. The fitness of both 
morphs is zero in dry, but the ecological flexibili
ty of LW (due to its flight ability and habitat 
selection) moves its fitness point up and towards 
right. When the dry component is realized, not 
all LW are destroyed . Line SW-LW = the ex
tended fitness set; K = the adaptive function . 
Kt = the probability of drying up high; the 
optimal population is long-winged; K3 = the 
probability of drying up negligible; the optimal 
non-<>verwintering population is short-winged; 
K! = the optimal population strategy is wing 

(flight) dimorphism. 

The optimal population strategy of water-striders of temporary habitats 
can also be studied with fitness sets (see LEVINS 1968a). Here the two en
vironmental axes are wet and dry (Fig. 9). The absolute fitness of both 
morphs is zero in the dry environment. From this it follows that actually 
only one alternative exists for the local populations. However, macropters 
with functional flight muscles are able to migrate to new pieces of water; 
accordingly they exert habitat selection in the face of local extinction. Thus 
the population does not usually die out completely, even if its habitat in 
situ temporarily ceases to exist. Accordingly the positions of the fitness 
points differ widely between the morphs in the fitness set. The tendency of 
the LW morph to migrate moves the fitness point up and towards the right 
(cf. LEVINS 1968b). When the probability of high temperatures (short-term 
changes in habitats) during one summer is reduced, the role of the dry en
vironment as a selective factor decreases and the SW morph is favoured. 
The SW individuals can not be lost in colonizing flights and do not need 
to build flight muscles before commencing reproduction. 

In the above cases the adaptive function is hyperbola-like and includes 
a notion of temporal uncertainty in a coarse-grained environment (LEVINS 
1961). The point of tangency of the adaptive function with the extended 
fitness set divides the line connecting the two morphs into two parts, which 
represent the ratios between the morphs. The strategy in a pond at a given 
moment is monomorphism of either morph. However, the morph of each 
individual depends on the temperatures prevailing during its larval deve
lopment and the general photoperiodic and genetic background. When a 
certain threshold temperature is exceeded the optimal strategy changes 
from the production of SW to that of LW imagos. Hence the total morph 
composition in the pond does not represent the optimal for any given 
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moment, but partially a record of the recent illumination and temperature 
conditions. This strategy maximizes the average fitness of populations 
taken over all summer seasons and all summers (Fig. 1 0). 

The adaptive significance of the LW morph in mid summer is not re
stricted to the avoidance of drought-stricken sites. The ponds of water
striders are usually very small and simultaneously with the increase in the 
Gerris population during the summer, the surface area shrinks, further 
decreasing the carrying capacity of the pond. (True, the net production of 
the pond is likely to increase simultaneously.) This indicates density-de
pendent selection, and a consequent K-strategy would seem evident a priori 
(e.g. PIANKA 1970). A shift towards r-strategy is, however, important, 
as the winter mortality is probably density-independent in Gerris. Further, 
r-strategy combined with a high migration rate is required by the great 
instability of the summer environment in regions with long summers; local 
extinction must be compensated with a high number of offspring. Hence 
the migration of LW to winter habitats some two weeks after the final 
moult (VEPsALAINEN 1971 b) and likewise the colonization of new ponds by 
mid-summer LW offspring (in Hungary; VEPs.;u.AI:NEN 197 4 b) are special 
adaptions which permit r-strategy in environments which would seem to 
claim K-strategy. The continuous emigration of LW irnagos after their 
teneral development keeps the biomass of the population fairly constant 
from early to late summer. If, in spite of this, high densities of Gerris 
are reached, cannibalism will follow, which restricts the larval population 
in particular (see further VEPsALAINEN 1971b). Accordingly, the LW strate
gy shown especially by the denizens of small waters, mainly G. thoracicus 
and partly also G. rufoscutellatus, may be an adaption to the imminent 
threat of overcrowding. E.g. in Finland G. thoracicus females seem to fly 
from one rock pool to another in the archipelago, laying some 20 to 30 
eggs in each. The two selective agencies, overcrowding with ensuing canni-

I 
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I 
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DRY (HIGH t°C) 

FIG. 10. Ambient temperatures predict the local 
risk of drying up. When a certain threshold value 
of temperature is exceeded in lengthening illu
mination rhythm, LW imagos instead of SW ones 
will develop. Frequently occurring low tempera
tures will switch the adaptive function K to (the 
fitness point of) SW. In the pictured case, the 
point of tangency (a) of the adaptive function 
with the fitness set divides the line SW-LW to 
two parts, which represent the ratio between 
SW and LW morphs in the population. The 
morph ratio is much a document of the relative 
weights of low and high temperatures during 

preceding periods. 
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balism, and the drying up of a pond, are of course not separable, but evoke 
the same adaptive strategy. The problem of the increasing uncertainty of 
the environment is met by an increase in the number of breeding sites. 

2. Low temporal uncertainty of the environment 

Let us consider a permanent piece of water inhabited by water-striders 
whose wing length is determined by a genetic switch. Let us further suppose 
that the fitness of all the individuals that stay in the home pond is inde
pendent of the alary morph. However, the long-winged individuals usually 
migrate in late summer to terrestrial wintering habitats, often far from 
water. 

If the population site is rather isolated and the habitat range of the 
species is restricted, the fitness of the heterozygote (SW) will be less than 
that of the SW homozygote, as the former segregates LW individuals, 
which may be lost if they migrate and fail to find suitable reproduction 
sites. The optimal strategy of the population will be both genic and pheno
typic monomorphism, and in this case short-wingedness. This strategy has 
been realized in some species, e.g. G. najas and the Velia species, which are 
dwellers of fairly permanent streams. 

In dimorphic species with a genetic switch for wing length there has 
also been a shift towards monomorphic short-wingedness in local, isolated 
populations. E.g. population 4016 of G. lacustris was completely brachy
pterous in two successive generations; observations made during the spring 
dispersal period in many years showed the site to be very isolated. G. la
teralis populations have almost always a very high frequency of apters; 
macropters are most frequent in central Finland, where the species is com
monest and has a wide range of habitats. In southernmost Finland and 
central Europe, where the habitat range is very restricted and the suitable 
habitats are scattered, the species is predominantly apterous. The same 
holds true for G. sphagnetorum, which is rare throughout the known range. 

}ACKSON (1956) explained the flightlessness of many stenotopic water 
beetles by their often small probability of finding another water body as 
suitable as the one they are inhabiting. Later ERIKSSON (1972) came to the 
same conclusion by studying dytiscids in Finnish Lapland. A high degree 
of permanency and isolation of the suitable habitat seem to be implicit in 
the above explanations. 

If the potential sites of a species are fairly common, selection may not 
necessarily operate against migrants. If the species utilizes, however, only 
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one type of habitat in the environment, a probable outcome will also in 
this case be a high degree of short-wingedness, because the migrant lost 
during flights are not compensated by utilization of new habitats. Accord
ingly, the function of migration in this case is restricted to maintaining the 
gene flow. LEVINS (1964) has shown that the smaller the short-term, local 
environmental variance, the lower the optimal rate of migration. 

If the species is eurytopic, i.e. it utilizes a multitude of different kinds 
of environment, which are all fairly common, alary dimorphism may be 
the optimal strategy. Here eurytopy refers especially to the degree of per
manence of the habitat. From the point of view of Gerris, an impermanent 
environment is one that is likely to dry up within shorter or longer periods. 
Since this will result in the extinction of the local Gerris population, the 
adaptive strategy for temporary environments must permit the avoidance 
of such a catastrophe in good time. This would be achieved by LW mono
morphism in the individuals colonizing temporary habitats. These would 
produce offspring able to leave the pond before winter (see the previous 
section). During the spring dispersal flights some of the LW imagos would 
reach temporary ponds and some permanent ponds. Since the adaptive 
strategy for permanent ponds is genetically determined short-wingedness, 
the migration of LW individuals promotes dimorphism. Accordingly, the 
spatially heterogeneous environment (in respect of the degree of perma
nence) can maintain alary dimorphism that is genetically switched. Hete
rosis is not a prerequisite of dimorphism in a patchy environment (see e.g. 
LEVENE 1953, LEVINS & MAcARTHUR 1966). 

The situation can be analysed with fitness sets. Here the two patches of 
environment of the eurytopic species are permanent (P) and temporary 
(T) ponds (Fig. 11). Note that the T-axis now includes the two axes of the 
fitness set in Fig. 9. The treatment of temporary habitats, which imply 
temporal uncertainty, as one environment in an analysis of spatial patchi-
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FrG. 11. In spatially patchy environments ge
netic alary polymorphlsm is possible when both 
P (permanent} and T (temporary) patches are 
fairly co=on (K:), and LW individuals (ss) are 
able to colonize temporary pools for short repro
ductive periods. Kt represents an environment 
with only P patches (no heterogeneity}, and IU 
the situation described in Fig. 9. S = the do-

minant homozygote (SW). 
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FIG. 12. Genetic polymorphism in spatially he
terogeneous environment with slight temporal 

uncertainty in the ratio P:T. 

ness is based on the result obtained in the previous section. It was shown 
that the switch between the two morphs there must be operated by the en
vironment; and in nature the usual genotype that is capable of colonizing 
temporary waters is the recessive homozygote (ss), which is generally LW 
in winter (VEPSALAINEN 1974c). Accordingly, the fitness points of the 
different genotypes can be estimated for both P and T patches in the 
spatially patchy environments. 

Due to its nature of segregating both wing morphs, the heterozygote 
will show average heterosis over both environments if the species is eury
topic and the both types of environment are fairly common. The slope of 
the adaptive function (K) depends on the ratio between the P and T 
patches. A difficulty in analysing Gerris habitats is that there is no clear 
division into P and T habitats, but almost all kinds of water involve at 
least a slight amount of temporal uncertainty. In these circumstances the 
fitness point of the heterozygote moves inside the straight line connecting 
the homozygotes. The adaptive function has some intermediate form be
tween the linear and logarithmic ones familiar from the theoretical explo
rations made by LEVrNS (1962, 1968a). 

When the temporal uncertainty is only slight in the P patch, the adapti
ve function (K) has still a point of tangency between the ends of the 
fitness set, representing a dimorphic adaptive peak (Fig. 12). This is pro
bably the strategy of Finnish G. lacustris populations. 

When the temporal uncertainty of the environment increases, the P and 
Taxes in Fig. 12 are changed to the wet and dry axes in Fig. 9. A midway 
strategy by Mendelian segregation is no longer favoured; the heterozygote 
segregates both wing morphs in every generation instead of changing the 
morph frequency in accordance with the temporal variation of the environ
ment. The fitness set bulges farther towards origo and the intermediate 
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points of tangency disappear, leaving only the end points of the fitness set 
as adaptive peaks (Fig. 13) (cf. LEVINS & MAcARTHUR 1966). 

In case of species like G. lacustris, the question may arise why the 
migration of macropters from their ± permanent home ponds is maintained 
by natural selection (for a general discussion on the significance of insect 
migration, see DrNGLE 1972, and VEPSAL~INEN 1968). Surely it cannot be a 
question of colonizing less favourable habitats per se (see MAcARTHuR's 
{1972:150 ff.) discussion on GRINNELL's (1943) argument). If, however, the 
more or less temporary habitats colonized by the macropters are available 
throughout one season but demand recolonization every spring (owing to 
the uncertainty of their existence), then migrants from nearby ponds and 
wintering habitats may be favoured. G. lacustris is a 'jack-of-all-trades' 
(VEPSALAINEN 1973a), whose losses due to migration are outnumbered by 
the merits of adding a new kind of habitat to its habitat spectrum (cf. 
CoHEN 1967a). For the theory of niche breadth, reference is made to 

RouGHGARDEN (1972), who studied the coevolution of habitat preference 
and niche breadth. 

LEVINS' (1969a) migration-extinction model shows that a powerful 
colonizing ability is a prerequisite of the existence of Gerris species of tem
porary habitats, since the most effective means of resisting extinction is 
to equate the number of local populations with the number of population 
sites available (cf. G. thoracicus) (see also LEWONTIN 1965, and MAc
ARTHUR & WrLSON 1967). In these conditions the stochastic variation 
in the local probability of drought in the population sites has the least 
risk effect on the total number of local populations. Species with poor 
migration rates are poor inhabitats of temporary ponds (G. najas). Those 
species which have mixed both strategies by genetic polymorphism of LW 
recessive homozygotes able to colonize and SW individuals attached to 
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FIG. 13. Genetic polymorphism is impossible in 
greatly fluctuating environments (patch T). The 
recessive homozygote ss is the only possible ge
notype. When the risk of drying is large (during 
high temperatures), it will produce the LW 
phenotype, able to leave its domicile (d . Fig. 10). 
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their birth-place, are common eurytopic species, most probably having a 
wide geographical distribution (G. lacustris). 

The present results agree with the conclusion of LEVINS (1968a) that 
strict heterozygote advantage is not a prerequisite of genetically determined 
polymorphism, but that such polymorphism can also be maintained in 
some cases where the heterozygote is at a selective disadvantage (Fig. 12). 
When populations in changing environments are analysed, it is difficult to 
believe that some alary genotype is the fittest one (cf. KOJIMA 1971 ). A 
more probable explanation in these conditions is that either the hetero
zygote is a 'generalist' and hence the fittest over all environments (but not 
necessarily in each of them), or that the heterozygote is maintained by 
temporal variations of environmental conditions from those favouring one 
homozygote to an array of conditions favouring the other homozygote. 
In the latter case both pieces of environment must occur in relatively large 
proportions to keep the heterozygote as the most favoured, on the average 
(LEVINS 1968a; for an application, see J.ARVINEN & VEPSALAINEN 1973). 

The north-south trending morph-ratio dine of G. lacustris in Finland 
is explainable by a geographical gradient in the permanence and isolation 
of the ponds (apparent from my own observations of the habitats; see also 
RENQVIST 1951 ). In northern Finland the species is rare and the popu
lations scattered: selection works against LW imagos, as the suitable habi
tats are scarce; the losses presumably outnumber the gains of migration. 
In the univoltine populations of central Finland the temporary habitats 
are still scarce but the degree of isolation of the permanent habitats is low: 
the fitness point of LW recessives moves upwards owing to habitat se
lection. The average fitness of the gene for long-wingedness increases owing 
to successful colonization. In southernmost Finland both habitat types are 
usually much less isolated. Accordingly, the cost of colonization flights is 
comparatively low and the LW recessive is favoured; the greater uncertain
ty of the waters in the south decreases the fitness of the SW morph and 
the corresponding dominant gene. It is noteworthy that the G. lacustris 
populations of Hankoniemi, on the southern coast and archipelago of Fin
land, which have exceptionally isolated and relatively permanent habitats, 
have SW frequencies similar to those of the populations in central and 
northern Finland. . 

The morph-ratio dine can also be examined by observing the two pheno
types and without genetic knowledge of the di~orphism (Fig. 14). Here the 
two environments are also the permanent and temporary ones. Any indi
vidual which takes an intermediate way between the normal SW morph 
and the LW one (e.g. LW with reduced flight muscles) may be expected to 
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FIG. 14. A cline in wing-morph frequencies of 
Gerris lacustris results from increasing frequen
cies and isolation of P -patches towards north. 
Flights of LW widen the habitat range of the 
species towards T patches when available. K = 
the track of the adaptive function from + oo 
towards origo when the probability of patch P 

is constant. 

show a reduced fitness in comparison with them; accordingly the fitness 
set is concave. Widening of the habitat range towards more or less tempo
rary patches by LW individuals promotes dimorphism. The frequency of 
temporary habitats increases towards the south: the adaptive function 
divides the morph ratio in such a way that the frequency of the LW morph 
increases. The lower degree of isolation of suitable habitats moves the fit
ness point of the LW morph upwards, which has the effect of steepening 
the dine. CLARKE (1966) has, however, demonstrated that abrupt changes 
of environment are by no means a necessity for even steep steps in the slope 
of the dine, if we assume the existence of modifier genes which interact 
with it. LEVINS & MAcARTHUR (1966) used the fitness set approach and 
concluded that a continuous decrease in the fitness of heterozygotes along 
a geographical gradient may lead to an abrupt change from polymorphism 
to monomorphism. 

The northern border of G. lacustris in southern Lapland could now be 
explained as the result of strong selection pressure against the LW morph 
(above) and the increase in the selection pressure against the SW individuals, 
which have already been shown to resist cold less well than the LW morph. 
True, it is not known what proportion of the brachypters in the north 
consists of genetically determined individuals, and what proportion is com
posed of recessive homozygotes which have developed into the SW morph 
in late summer owing to the suggested switch effect of short, shortening 
days and low temperatures (see VEPSAL.AINEN 1974c). 

South of Finland, where the temporal uncertainty of the environment 
continues to increase, the G. lacustris populations follow the strategy of 
environmentally regulated dimorphism (VEPSALAINEN 1974b; see below). 

The high frequency of the SW morph of Finnish G. lacustris in late 
summer (also faintly discernible in G. odontogaster ), and suggested to be 
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at least partially environmentally determined, may be understood as an 
adaptive reaction to the risk of sudden cold spells in autumn, which makes 
it improbable that suitable overwintering sites will be found by flight. 
Moreover, the teneral development of flight muscles would postpone the 
cold-hardiness of imagos, shifting it towards winter. 

I have deliberately avoided invoking heterozygote advantage as an ex
planation of Gerris polymorphism, since there is no evidence in favour of 
it. The ability of frequency-dependent selection to maintain polymorphism 
has been excellently reviewed by MURRAY (1972). It is possible that fre
quency-dependent selection combined with the selective differences of the 
genotypes in a patchy environment might maintain stable polymorphism 
in Gerris. However, this possibility must be left open for the present. Re
cently BRYAN CLARKE (1972) demonstrated that density-dependent se
lection, in practice often difficult to distinguish from frequency-dependent 
selection, is able, when combined with a degree of genotypic specialization 
to particular niches, to maintain balanced polymorphism under a wide 
range of conditions. Here, too, the much-disputed concept of genetic load 
can be avoided; on the contrary, there is rather a genetic 'lift'. 

It is widely known that isolation promotes apterism in insects (e.g. the 
reviews of PorssoN 1946 and HACKMAN 1964 ). Island faunas are short
winged more often than average. Mountains are also very isolated areas, 
and the gene flow between mountain populations is greatly reduced. In 
these conditions flightlessness has increased the rate of speciation in many 
genera of carabid and tenebrionid beetles (MAYR 1963). It is probably no 
accident that precisely Gerris najas, the specialized and highly apterous 
species, consists of two subspecies, of which cinereus Puton was long be
lieved to be a separate species (Porsso 1957). High frequencies of apters 
or even purely apterous populations are typical of the two mostly allo
patric sibling species G. lateralis and G. asper; the species appear to be eco
logical equivalents (VEPSALAINEN 1973a). 

For an account of genetically determined cases of dimorphism, short
wingedness and long-wingedness and their maintenance in another insect 
group, reference is made to the detailed study of LINDROTH (1949) on 
Fennoscandian Carabidae. The general conclusions of LINDROTH on the 
relations of alary dimorphism and environment accord with the results on 
Gerris (VEPs.i\LXINEN 1973a). 
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3. Diapause 

The mechanism of diapause determination is well defined in Gerris spe
cies. The diapause is a conditional one: the switch is turned on during 
larval development if the day length is shortening; of course intra- and 
interpopulational variation exists in the exact timing of the critical stage 
(VEPSALAINEN 1974a). 

At the level of the individual insect, the decision regarding diapause 
behaviour is by definition "all or none". At the population level, the he
terogeneity of the environment may give an optimal strategy which de
viates from the "all or none" type. The different fractions of diapause 
imagos in the first generation of Chymomyza costata Zett. (Drosophilidae) 
in Finland (HACKMAN et al. 1970), are an example of such a strategy. This 
provides for the survival of the population in years when low temperatures 
in the autumn would destroy the developing second generation (see further 
CoHEN 1970). This is analogous to the mixed SW vs. LW (i.e. dimorphic) 
strategy of mid-summer Gerris when there is a moderate risk of the home 
pool drying up or becoming overcrowded- the population is divided into 
two morphs in locally and yearly varying ratios. 

In Gerris there is a minimum amount of spatial heterogeneity in respect 
of the destruction of the summer habitat by the oncoming winter : an "all 
or none" diapause strategy at the population level follows. The early com
mencement of diapause is easily understood: Taking risks would lead to 
wide-spread crashes or extinctions due to year-to-year variation in the 
beginning of cold spells - even one rare early winter is enough for de
nizens of the water surface. 

4. Conclusions 

The still unpublished results of Diane Calabrese (in litt.) and GLEN ]A
MIESON (1973) on nearctic Gerris species suggest the existence of ecological 
equivalents of all the European water-strider species, and corresponding 
strategies (e.g. G. najas I G. remigis Say; G. lacustris I G. canaliculatus Say; 
G. odontogaster I G. buenoi Kirkaldy; G. rufoscutellatus I G. notabilis 
Drake & Hottes). 

The data gathered by SouTHWOOD & LESTON (1959) on other European 
semi-aquatic bugs than gerrids suggest that most of the species follow the 
strategy of G. najas, with a low frequency of macropters, to a greater or 
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lesser extent. This is understandable as these species are smaller and/or 
develop faster than water-striders and are hence not exposed to as wide a 
range of environmental variation as gerrids. Further, comparatively few 
species are denizens of such extremely temporary habitats as those of some 
Gerris populations. 

Many corixid species appear to have similar life cycles (YOUNG 1965a, 
PAJUNEN 1971, ]ANSSON 1971, ]ANSSON & ScUDDER 1974) and flight 
muscle polymorphism (YoUNG 1965a) to those of Gerris. These seem to 

result from adaptation to more or less unstable environments (BROWN 1951, 
YoUNG 1965a, 1965b, PAJUNEN 1971 ). Recently some suggestions of the 
relations between flight muscle polymorphism and the degree of perma
nence of the habitat in corixids has been criticized by ScUDDER (1974). I 
consider, however, his material too restricted for this purpose, as it was 
collected exclusively from permanent lakes. 

The results obtained here by the fitness set approach are similar to 
those reported by LINDROTH (1949) in studies on carabid beetles. He con
cluded that stability, restriction and isolation of habitats favour brachy
pterism; variability, extension and moderate dispersion of habitats favour 
macropterism; and temporal uncertainty favours dimorphism. LINDROTH's 
(1949) studies show that when fluctuations are long-termed, the popu
lations will respond genetically. In the case of carabids the other morph 
would then be, at least partially, a historical relic (cf. HALDANE & ]AYAKAR 
1965) of the previous environments of the population. HACKMAN (1966) 
came to the same conclusion as LINDROTH (above) regarding the causative 
agencies of wing reduction in Lepidoptera. In the case of Diptera, HAcK
MAN (1964) discussed the different theories on wing reduction and con
cluded that the cause varies from group to group, in accordance with the 
great variation of the habits and habitats of dipterans. 

The agent switching alary length in Gerris shows a clear relation to the 
degree of uncertainty of the environment. In a ± permanent and auto
correlated environment with long-term oscillations the genetic switch is 
favoured by selection. When temporary habitats are added to the species' 
array, a photoperiodic switch becomes necessary and the genetic switch is 
less favourable. When the temporal variation (risk of drying up) grows 
larger and the autocorrelation poorer a new source of information will be 
used as a switching agent: temperature is added as a signal. Now the other
wise highly unpredictable habitats can be coped with by a stochastic switch 
(cf. CoHEN 1967b, LEVINS 1968a). Gene flow permits the population to 
respond to long-term, widespread environmental changes while damping 
the genetic responce to local, ephemeral fluctuations. Hence the optimal 
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amount of migration is increased by the temporal variance of the environ
ment (LEVINS 1964; cf. DINGLE 1974). 

Some most important works on the need for dispersal and the rate of 
alary dimorphism in the face of environmental uncertainty have been re
viewed earlier (VEPSALAINEN 1971b, 1973a). The present results are in 
general accord with the results of BROWN (1951) on corixids, SoUTHWooo 
(1960, 1962) on arthropods in general, LEES (1966) on aphids, and KISI
MOTO (1965) on Nilaparvata lugens (Stal) (Aeropidae). 

Likewise, in his extensive review on life cycle origins in Gryllidae, 
ALEXANDER (1968) connected complete micropterism with permanent habi
tats and wing dimorphism with less permanent habitats. Also SWEET (1964) 
connected, when studying Rhyparochrominae bugs, short-wingedness to the 
stability of habitats - the adaptive significance of alary dimorphism re
mained, however, obscure to him. 

A near-complete survey of the flight and dispersal of insects was 
written by ]OHNSON (1969), according to whom "it is now generally ac
cepted that migratory behaviour has evolved particularly in those species 
whose habitats periodically become adverse for breeding or disappear alto
gether". In polymorphic populations, the proportion of different alary 
morphs is "correlated to some extent with the degree of impermanence of 
the habitat". The review of DINGLE (1972) forms a comfortable bridge be
tween the present study and the work on the significance of different in
sect migration strategies. The flight behaviour of some Dysdercus bugs has 
been intensively studied (e.g. DINGLE & ARORA 1973) - also here the life 
histories and changes in the flight capacity of the species reflect the tempo
rariness of their environments. The study of DINGLE & ARORA further con
nects the study of insect migration to the theory of colonization (see 
LEWONTIN 1965, MAcARTHUR & WILSON 1967). 

Even in the classical case of the phases of Lowsta migratoria (and many 
other locusts) (UvAROV 1921, 1961) the gregaria phase may be an adaptive 
responce to temporarily adverse conditions in the solitaria environment. 
Solitaria is specialized to small patches where resources are easily harvested 
(and damaged by high population densities), and gregaria to much wider 
but 'harder' environments which can be exploited only with the aid of 
large numbers of highly mobile locusts (KENNEDY 1961 ). KLI GSTEDT 
(1939) reviewed the early work on locust phases and suggested that the 
Uvarian phase theory (which in its first formulation stated that solitaria 
and gregaria were interconvertible forms, the phase being evidently deter
mined by specific population densities during larval development) could 
perhaps provide a general explanation to the phenomena of dimorphism 
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and diapause in insects. This is, however, a too broad generalization in 
case of water-striders of temperate climate, among other insects, in spite of 
some resemblances between the wing morphs of Gerris and the continuous 
variation in locusts. On the other hand, near the equator crowding may be 
the only environmental factor able to forebode adverse conditions (VEPSA
LAINEN 1974c). 

Another kind of polymorphism may be included in the discussion; 
CLARKE & SHEPPARD (1972) were able to show that the pupal colouration 
of two butterflies, Battus philenor (L.) and Papilio polytes L. was environ
mentally determined. The populations lived in a mosaic of distinct habitats, 
where the environments of parent and offspring were poorly autocorrelat
ed. Polymorphism was maintained by higher predation in the case of the 
wrong combinations of colour morph and background. 

Most of the above works concentrate on strategies in a temporally 
changing environment. Less attention has been paid to spatial heterogeneity 
and the possibility of genetically switched polymorphism. In the latter case, 
polymorphism is not restricted to the case of heterozygote advantage (for a 
short review, see MURRAY 1972). It seems that the limit between the opti
mal polymorphic strategies in Gerris is mostly a matter of the degree of 
temporal fluctuations and the habitat range of the species. Large, short
term fluctuations necessitate an environmental switch, but the change to 
smaller and longer-termed ones is gradual, a shift occurring towards con
ditions that can be coped with by a genetic switch segregating both morphs. 
The local morph ratio depends on the stability and degree of isolation of 
the population site and, naturally, on the overall strategy of the species. 
In broad-niched species in environments with spatial and temporal hetero
geneity, the outcome may be a complex strategy maintained by one genetic 
and two environmental switches at different levels (multivoltine G. lacust
ris). 

A recent survey (SELANDER & K.AUFMAN 1973) on allozymic variation in 
animals of different size and mobility - these attributes correlate in a 
certain degree with the environmental grain experienced by the organism 
- showed that also the degree of genic polymorphism of populations in
crease with the degree of environmental uncertainty. Similarly, BRYANT 
(1974) while treating poikilotherms and homeotherms separately, found 
that the major trend of genetic variation seems intimately associated with 
temporal variation in the environment, while .the remaining trends in some 
cases may be related to other parameters, including spatial heterogeneity 
(see also PowELL 1971, ALLARD & KAHLER 1972, and McDoNALD & 
AY ALA 197 4 ). Accordingly, the general results obtained by studies at the 
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gene level seem to parallel those reached by studies of morphological poly
morphism. There are, however, numerous pitfalls along the route to the 
understanding and interpretation of these correlations at the gene level (see 
BRYAN CLARKE 1973, and LEVINS 1969b: last or sixth comment). 

The interesting question of competitive interactions between different 
Gerris species and their implications for the two alary morphs in each 
species is only touched upon en passant in this publication and must later 
be studied in more detail before a more profound understanding of the 
adaptive strategies can be reached. Likewise, it will be necessary to deter
mine the adaptive functions and shapes of fitness sets in more detail, to 
permit their use in predicting and testing the main results given above. 

Tables 

TABLE 1. Percentage distribution by relative wing lengths of G. odontogaster males and 
females (2002/670812; 51 males, 47 females). 

0.5 1 1.5 2 2.5 3 3.5 4 7.5-9 

Males 2.0 7.8 21.6 2.0 66.7 
Females 4.3 8.5 6.4 6.4 4.3 702 

TABLE 2. Percentage distribution by relative wing lengths of G. argentatus (20511670802 
& 670803; 26 males, 25 females). A = apter, Ma = macropter. 

TABLE 3. 

Males 
Females 

Males 
Females 

A 

30.8 
28.0 

0.5 

11.3 

2.5 

3.8 

Ma 

53.8 
72.0 

Percentage distribution by relative wing lengths of G . thoracicus (4033n20716; 
52 males, 48 females). Fore-wings/hind-wings. Ma = macropters. 

6.514.5 715 715.5 7/6 7/6.5 7.515.5 7.516 Ma 

1.9 98.1 
2.1 42 42 62 2.1 2.1 2.1 77.1 
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TABLE 4. Percentage distribution by relative wing lengths of G. lacustris populations 
selected along a latitudinal gradient (see Fig. 2) . N = number of imagos (for each sex 

separately). Modes, medians and averages (X) of brachypters (lengths 3 to 7) given. 

Population Me-
and Date N 3 3.5 4 4.5 5 5.5 6 6.5 7 8-9 Mode dian x 

4606 0 117 9.4 56.4 17.9 6.8 9.4 5 5 5.12 
670817 ~ 145 172 22.8 24.8 2.1 0.7 0.7 31.7 5 4.5 4.63 
670630& 
4606 0 53 1.9 9.4 35.8 20.8 11.3 20.8 5 5 5.19 
670701 ~ 53 17.0 20.8 26.4 35.9*) 5 4.5 4.57 
4606 0 62 1.6 12.9 50.0 21.0 4.8 1.6 32 5 5 4.87 
680706 & ~ 40 2.5 25.0 32.5 27.5 2.5 10.0 4.5 4.5 4.53 
680709 
4601 0 70 2.9 15.7 41.4 10.0 2.9 27.1 5 5 4.96 
670704 ~ 52 1.9 7.7 212 23.1 46.2 5 4.5 4.61 
4601 0 97 52 26.8 47.4 72 2.1 11.3 5 5 4.85 
670817 ~ 122 0.8 20.5 27.0 23.0 0.8 27.9 4.5 4.5 4.52 
4238 0 39 5.1 2.6 10.3 48.7 2.6 2.6 282 5 5 4.86 
670625 ~ 31 3.2 35.5 9.7 6.5 45.2 4 4 4.15 
4237 0 39 2.6 7.7 17.9 25.6 30.8 2.6 12.8 5 4.5 4.49 
670610 ~ 15 20.0 20.0 26.7 6.7 26.7 4.5 4 4.14 
2012 0 14 7.1 28.6 7.1 28.6 7.1 7.1 14.3 5&6 6 5.63 
680504 ~ 45 2.2 8.9 422 4.4 4.4 37.8 5 5 5.00 
4014 0 24 4.2 42 41.7 20.8 29.2 5 5 5.06 
670517 ~ 20 5.0 10.0 40.0 20.0 25.0 4.5 4.5 4.50 

*) wing length 7.5 in 1 ex . 

TABLE 5. Percentage distribution by relative wing lengths of G. lateralis populations 
selected along a latitudinal gradient. N = number of imagos (for each sex separately). An 
arrow means that the class has been included in the adjacent one. "Population" 10 is a 

sample from 2-3 ponds in square 10. 

Population 
N 0 + 05 1 1.5 2 (7.5)--8-9 & Date 

2701 0 9 100.0 
680906 ~ 7 100.0 
4602 0 23 91.3 +- 8.7 
670704 ~ 21 85.7 +- 4.8 95 
4605 0 50 82.0 18.0 
680711 & ~ 31 93.5 6.5 
680713 
3502 0 16 25.0 25.0 6.3 6.3 37.5 
670806 ~ 22 27.3 22.7 13.6 36.4 
2411 0 14 14.3 85.7 
670716 ~ 14 7.1 92.9 
4202 0 11 27.3 72.7 
660729 ~ 9 33.3 66.7 
4248 0 6 66.7 33.3 
690803 ~ 9 100.0 
2101 0 41 87.8 2.4 9.8 
690908 ~ 66 100.0 
2001 0 57 895 Hl:tlslng n Y l oplston!·! 670730 ~ 78 83.3 9.0 1.3 
10 0 108 100.0 _ M eLSi:i kj_rjasto _· 
2 
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TABLE 6. Percentage frequencies of the short-winged (SW) morph and different larval 
instars (I-V) of G. odontogaster. Accuracy 1 %, or 0.1 % if the frequency is below 1 %. 
Nr = total number of imagos, NL = total number of larvae. The numbers of populations 
and years per period are given for the different collecting squares. The average develop-
mental stage of the larvae (A) is also given (see p. 13). The location of the squares is seen 
in Fig. 2. Statistically significant differences in SW frequencies between periods are 

indicated with asterisks (see p. 7). 

Squares/Populations I Years Period SW S.E. Nr I II Ill IV V NL A 

27, 28, 38,48, 39/2/1 6-- 8 July 0 8 100 3 1.09 
9-21 Aug. 0 3 50 50 2 3.70 
2- 6 Sept. 0 12 100 2 4.19 

46/2-5/1 (1967)29 June--5 July 0 136 11 44 44 9 1.93 
(1968) 5- 9 July 0 68 24 76 21 1.55 
(1968)11-18 July 0 37 31 40 23 6 124 1.75 
(1968)24-29 July 2 5 16 74 2 43 2.98 
(1967)17-18 Aug. 0 128 19 81 26 4.00 
(1969) 5- 6 Sept. 0 12 50 50 2 3.70 

24, 25/1-9/1-2 21May-
16 June 0 44 
14-30 July 0 60 0.4 5 37 57 223 3.73 
11 Aug. 0 104 10 90 50 4.10 
7 Sept. 0 49 100 2 4.19 

33, 43/1---6/1 22 June 0 11 
29 June--1 July 0 21 2 22 33 39 4 98 2.59 
12 July 0 34 14 14 32 36 5 22 2.49 
26 July 0 138 3 97 32 4.16 
1- 2 Aug. 0 8 14 86 14 4.05 

42/several/1-5 31 May-
20 June 0.2 0.14 727 

***1) 
21-30 June 3 1.2 179 12 15 25 24 24 155 2.75 

*** 
1-15 July 14 2.6 185 3 4 11 22 59 157 3.56 

*** 
16--24 July 43 6.7 54 6 94 32 4.13 
26--31 July 31 3.1 225 0.5 0.7 2 14 83 406 3.99 

*** 
1- 8 Aug. 10 2.6 132 0.7 5 4 16 73 292 3.80 

*** 
17-28 Aug. 0 228 0.5 8 25 66 189 3.78 
6-- 7 Sept. 0 55 3 29 68 31 3.85 
1-28 Oct. 12 25 100 6 4.19 

23/2--4/1-2 25 May-
10 June 0 306 100 5 1.09 

***1) 
9-10 July 61 9.2 28 3 97 58 4.16 

21, 3111-14/1--4 I! May-23 June 0.4 0.17 1292 50 50 12 1.40 
***!) 

5-26 July 50 20.4 6 5 37 58 ~; 3.73 
1-4 Aug. 5 1.5 222 4 6 32 59 3.69 

19-24 Aug. 0 7 8 56 36 89 3.50 
9-19 Sept. 0 436 0.7 1 10 88 155 4.10 



ACfA ZOOLOGICA FENNICA 141, 1974 59 

Squares/Populations I Years Period SW S.E. NI I 11 Ill IV V NL A 

12/1!1 1 June 0 72 

40/1 to over 10/2-7 12-31 May 0.5 0.16 1869 
2-18 June 0.5 0.16 2023 68 25 7 0.3 376 1.34 

*** 
21-30 June 6 1.0 532 22 23 20 22 13 1556 2.36 

*** 
4-13 July 77 2.1 408 3 6 16 34 41 1061 3.32 

*** 
16-24 July 54 2.8 321 2 3 8 35 51 717 3.55 

*** 
25-31 July 31 1.9 590 24 8 5 15 48 681 3.01 

*** 
2-11 Aug. 8 0.9 918 3 10 16 22 48 836 3.33 

*** 
17-29 Aug. 0.9 0.41 541 1 5 6 17 71 240 3.76 
5-14 Sept. 0.2 0.16 906 0.9 14 85 107 4.04 

20/2-15/1-5 16April-
28 May 0 391 
16-17 June 0 

* 10 23 38 38 0.5 182 1.83 
23 July-
12 Aug. 41 2.9 293 2 6 14 8 69 134 3.64 

*** 
26 Aug. 4 1.4 169 1 1 3 4 91 79 4.04 
10 Sept.-
15 Oct. 0 61 59 41 17 3.61 

10/1-3/1-2 19-21 May 0 61 
9-24 Aug. 0 72 0.7 3 24 72 148 3.88 

29 Sept. 0 36 33 67 12 3.87 

') smallest expected value 1.4 
2

) smallest expected value 2.9. The comparison was made between 
periods 4 May-23 June and 5 July-4 August. 

TABLE 7. Brachypter frequencies (Br % ) and percentages of larval instars (1-V) in 
material of G. paludum collected in different months . S.E. = standard errors of morph 
frequencies, N = number of imagos (males and females separately), NL = number of larvae. 

Month 
No. of M ales Females Larval ins tars 

Square populations Br % S.E. N Br % S.E. N I II Ill IV V NL 

June 21, 31, 42 8 0.0 36 0.0 33 
July 40, 21 , 31,32 6 7.3 4.07 38 13.3 8.78 15 4.8 8.7 22.2 37.8 26.4 333 
Aug. 21 1 0.0 20 4.5 4.44 22 2.6 5.3 10.5 26.3 55.3 38 
Sept. 10,40, 31, 42 5 8.3 7.98 12 0.0 16 100.0 8 



TABLE 8. Percentage frequencies of the brachypter morph in male and female G. lacust
ris, and percentages of the larval instars. N = number of imagos; NL = number of larvae. 
Statistically significant differences in morph frequencies between the periods are indicated 
with asterisks (see p. 7) . Statistically significant differences in morph ratios between the 
males and females of a sample are indicated with sex symbols, used analogously to 
asterisks ( o = brachypter frequency higher in males; ~ = brachypter frequency higher 
in females). Significant deviations of sex ratios from 1:1 are marked with asterisks in the 
same way as the differences in morph ratios. Population 4016. The new generation began 

to emerge in the period 9-18 July. 

Period 
Males 

Br% S.E. N 
Females 

Br% S.E. N 
Larval instars 

I II Ill IV V 
M h Sex Number 
or~ ratio of samp

NL ratio in Brs les/years 

17 May-

0 0 0 15/4 
29 June 99.4 .35 496 982 .72 335 40.4 35.9 21 .6 2.0 245 *** 

* *** 5/3 
9-18 July 97.6 2.41 41 100.0 65 1.2 5.7 11.1 12.3 69.6 332 * 

26 July-
10 Aug. 84.5 2.34 239 81.9 2.44 249 0.2 2.9 16.3 80.5 442 5/3 

** ** 
25-26 Aug. 100.0 40 100.0 33 100.0 212 

TABLE 9. As Table 8., but combined material from square 42. G. lacustris. The new 
generation began to emerge in the period 17-31 July. 

M ales Females 
Period Br% S.E. N Br%S.E. N 

31 May- ***1) ***1) 
2 June 43.5 5.38 85 32.5 4.22 123 

*(*) 
5-17 June 60.8 3.95 153 38.7 4.46 119 

** 
21-30 June 46.8 3.35 222 45.8 3.61 190 
1-15 July 55.5 4.11 146 40.5 4.46 121 

17-31 July 54.9 4.68 113 46.7 4.55 120 
** *** 

Larval instars (%) 

I II III IV V NL 

42.9 38.5 16.5 2.2 91 
3.5 13.0 34.3 40.9 8.3 230 
0.1 1.1 11.8 23.1 63.9 720 

1-11 Aug. 70.0 3.42 180 63.0 3.38 154 1.3 3.7 9.8 37.0 48.1 376 

17-28 Aug. 67.0 3.25 209 54.1 3.20 242 0.3 0.8 4.0 17.9 77.0 374 
*** *** 

6-7 Sept. 91.3 4.15 46 87.0 4.97 46 1.3 3.9 14.5 80.3 76 
1) comparison between autumn and spring 

Morph 
ratio 

Sex ratio No. of 
popu-

Br Ma Alllations 
/year 

~~ ~~ 10/3 
** *** 

0 0 0 0 0 0 0 9/3 
* 

o<o> ooo 

.. 
00 

16/5 
11/3 
1113 

815 

11/2 

9/1 

TABLE 10. As Table 8., but combined material from square 46. G. lacustris. The new 
generation began to emerge between 29 July and 17 August. 

Males Females Larval instars (%) 
Morph 

Sex ratio No. of 
Period popu-

Br% S.E. N Br% S.E. N I II Ill IV V NL ratio Br Ma Alllations 
/years 

30 June- ***1) ***~ ) ***1) ***1) 
29 July 88.7 1.63 380 76.9 2.41 307 24.6 21.8 32.1 21.5 330 000 000 ~~ 0 0 13/2 

* ** *** 
17-18 Aug. 90.2 1.99 224 70.5 2.77 271 6.0 94.0 100 000 - ~~~ ~ 4/1 

*** ·~·* 

5-6 Sept. 98.4 .93 184 95.7 1.32 234 12.8 17.4 69.8 86 ~ ~ 2/1 

1 ) comparison between 30 June-29 July and 5-6 September 
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TABLE 11. Numbers of dimorphic and monomorphic samples of G. argentatus in early 
summer and autumn, and mid su=er. The asterisks refer to the statistically very signifi

cant difference between periods (x 2 = 39.63). 

Period 
Apters & Only 
Macropters Macropters 

Early summer & autumn 1 51 
*** 

8 July-31 August 16 8 

TABLE 12. Percentage distribution by different wing-length classes of total material of 
G. argentatus. S.E. = standard errors of the two morphs (SW and LW). A = apters, Mi 

= micropters, Br = brachypters, Ma = macropters. Othe.r symbols as in Table 6. 

Period A Mi Br Ma S.E. Nr I II Ill IV V 

May-June 0.4 99.6 .29 495 100.0 
***1) 

NL 

10 

1-14 July 4.6 95.4 1.42 218 23.4 15.6 18.8 26.1 16.2 655 
*** 

1.5-31 July 17.7 15 0.7 80.1 2.43 271 2.0 2.7 3.2 25.3 66.8 656 
*** 

1-14 Aug. 7.9 1.4 90.7 1.38 443 4.2 4.2 22.1 37.6 31.8 801 
*** 

15-31 Aug. 1.3 0.05 98.6 .27 1814 0.6 2.9 2.9 93.7 175 
1-14 Sept. 100.0 61 1.8 5.3 15.8 77.2 57 

1) smallest expected value 3.7 

TABLE 13. Percentage frequencies of different larval instars (1-V) of G. thoracicus. 
N = total number of larvae. 

Date Square 
No. of populations 

I II Ill IV V N with larva.e 

11 June 40 1 6.3 93.8 16 
18-23 June 40 3 9.4 21.9 50.0 18.8 32 
28 June 40 2 50.0 12.5 37.5 16 
13 July 40 1 2.1 97.9 47 
17-19 July 40 2 11.4 2.3 15.9 70.5 44 
23-26 July 40,24 3 10.0 90.0 20 
29 July-1 Aug. 40,24 5 40.7 59.3 27 
9-11 Aug. 40,10 3 8.7 1.7 5.2 84.3 115 

13 Sept. 40 1 100.0 2 
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TABLE 14. Percentage distribution by wing-length classes of population 4014 of G. argen-
tatus, from a small lake on an island in the outer archipelago in the Gulf of Finland 

(Tviirminne 663:29). + = recorded. Other symbols as in Table 8.1) 

Date A Mi Br Ma S.E. N.r I II Ill IV V NL 

1969-09-13 100.0 44 3.4 3.4 20.7 72.4 29 

1970-05-13 100.0 15 
-06-23 100.0 5 

*(*)! 
-07-08 23.8 76.2 9.29 21 29.9 16.0 14.6 26.4 13.6 425 

1971-07-29 21.4 3.6 1.8 732 4.18 112 12 1.8 0.6 27.1 69.3 166 

1972-06-21 100.0 149 100.0 10 • 
-07-09 100.0 104 17.0 21.6 34.0 222 52 153 

*(*)3 
-07-13 5.6 94.4 2.44 89 1.3 12.0 33.3 533 75 

*(*) 
-07-24 17.2 82.8 450 70 4.1 1.9 6.4 33.7 53.9 267 
-07-30 15.7 84.3 4.35 70 1.0 14.6 84.3 198 

*** 
-08-16 2.8 972 1.04 252 2.0 10.0 6.0 82.0 50 

*(*)4 
-08-22 0.8 99.2 53 266 100.0 23 
-08-23 1.4 98.6 52 503 4.2 95.8 48 
-08-26 0.3 02 995 .30 570 100.0 9 
-09-14 100.0 51 100.0 4 

1973-05-29 1.4 98.6 .98 143 
-06-24 100.0 28 + + + 

*(*) 
-08-05 5.4 0.8 93.8 1.46 274 10.9 7.6 22.8 20.1 98.6 303 
-08-16 4.4 95.6 1.76 136 100.0 22 

1) For statistical comparison of morph ratios, the following samples were combined: 
1970-05-13 & -06-23; 1972-07-24 & -07-30; 1972-08-22 to -08-26; 1973-05-29 & -06-24; 
1973-08-05 & -08-16. 

!) Smallest expected value 2.4 ') sm. ex:p. value 2.3 4) sm. ex:p. value 3.0. 

TABLE 15. Distribution by alary morphs of individuals of G. thoracicus when population 
4033 is excluded. 5 samples from square 10, 2 from sq. 20, 4 from sq. 24, and 91 from 

sq. 40. Br = brachypter, Ma = macropter. 

Month 
Males Females 

Br M a Br Ma 

May 111 134 
June 178 170 
July 63 1*) 51 
August n 85 
September 7 5 

*) the brachypter (fore-wing 7, hind-wing 5.5) was captured in 4031/720719. 
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TABLE 16. The alary morph frequencies and rheir standard errors, and rhe percentages of 
different larval instars of G. thoracicus in population 4033. Br = brachypter, Ma = 

macropter, NL = number of larvae. 

Number Number Larval instars (%) 
Date of <3 <3 Br% in 

of ~n 
Br% in 

Br M a males Br Ma females I II III IV V 

1972-07-16 1 51 1.9± 1.90 11 37 22.9 ± 6.07*) 42 2.1 6.2 87.5 
1972-08-08 0 9 0.0 0 5 0.0 3.0 3.0 11.9 32.8 49.3 
1973-07-04 0 0 0 0 2.0 3.9 23.5 51.0 19.6 
1973-07-11 0 1 0.0 3 2 60.0±21.91 

*) The difference between rhe morph frequencies of males and females is statistically signi
ficant (x! = 10.417**). 

TABLE 17. Frequencies of rhe alary morphs and different larval instars of G. paludum in 
population 2113. Br = brachypter, Ma = macropter, S.E. = standard errors of the morph 

frequencies, N L = number of larvae. 

Number Male Number F e m a 1 e Larval instars (%) 
Date of <3 <3 Br% S.E. of~? Br % S.E. I II III IV V Br Ma Br a 

1973-07-07 0 0 0 0 5.1 25.8 44.4 24.7 
1973-07-30 2 27 6.9 4.71 2 7 222 13.86 30.0 30.0 6.0 34.0 

TABLE 18. Brachypter frequencies (Br %) of G. lacustris in middle and end of May in 
two Sourh Finnish populations. The differences in morph frequencies between periods 
were tested by x2 analyses. S.E. = standard errors of morph frequencies; N number 

of imagos. 

Population Period Br% S.E. N Xt 

4015 13-17 May 26.8 2.62 287 
31 May 17.5 2.42 246 6.637** 

4028 16 May 38.8 5.95 67 
23-30 May 16.1 1.68 478 19.750*** 

NL 

48 
67 
51 

NL 

275 
50 
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TABLE 19. Percentages and total numbers (N) of different larval instars (I-V) of G. 
lacustris in four main geographical regions (see Fig. 2) and on Hanko Peninsula (populat-
ions 4014, 4015, 4016 and 4028). The periods are thirds of a month (e.g. 1/May = first 

third of May). 

Squares Period Larval instars (%) 
I II Ill IV V N 

25-45,26-46 1/June & 3/June 
l!July 68.4 15.8 15.8 19 
2/July 47.1 46.4 6.4 140 
3/July 0.3 1.3 12.9 33.5 52.1 388 
1/Aug. 6.0 70.0 24.0 50 
2/Aug. 6.0 94.0 100 
3/Aug. 
1/Sept. 9.5 15.0 15.5 147 

33-43, 24-44 3/May 
3/June 43.5 27.9 28.1 0.5 398 
1/July 12.3 28.8 49.3 9.6 73 
2/July 15.6 46.9 34.4 3.1 32 
3/July 5.4 53.6 41.1 56 
1/Aug. 9.1 9.1 182 63.6 18 
2/Aug. 2.6 12.9 17.5 67.0 309 
1/Sept. 
2/Sept. 100.0 3 

12-42,23 3/May-2/June 
3/June 9.8 41.3 42.4 6.5 92 
1/July 11.2 16.0 40.0 312 1.6 125 
2/July 2.0 8.7 26.7 51.1 11.5 393 
3/July 0.1 1.1 132 24.8 60.8 803 
1/Aug. 2.8 7.7 4.4 12.7 72.4 181 
2/Aug. 02 0.6 7.7 33.6 58 .0 533 
3/Aug. 18.8 25.0 56.3 16 
1/Sept. 02 1.7 21.5 76.6 543 
1/0ct. 100.0 1 

10-40, 11-41 3/ April-1/J une 
(excluding the 2/June 100.0 10 
group below) 3/June 53.9 19.8 13.4 12.5 0.4 232 

1/July 1.6 402 472 9.4 1.6 127 
2/July 10.0 10.0 30.0 50.0 30 
3/July 2.8 3.1 17.1 42.5 34.5 287 
1/Aug. 0.1 8.3 10.1 302 51.3 676 
2/Aug. 0.3 1.0 3.0 21.6 74.1 305 
3/Aug. 14.7 85.3 34 
1/Sept. 100.0 6 
2/Sept. 3.3 33.3 63.3 30 
-1/0ct. 100.0 1 
2/0ct. 

Populations 2/May-1/June 
4014,4015 2/June 100.0 24 
4016,4028 3/June 72.5 18.3 8.4 0.7 714 

1/July 34.3 23.6 20.3 12.5 9.3 784 
2/July 4.3 6.4 14.1 20.9 54.4 517 
3/July 1.7 2.1 4.9 22.3 68.9 466 
1/Aug. 02 2.7 14.0 83.1 415 
2/Aug. 13.0 4.3 82.6 23 
3/Aug. 9.0 91.0 155 
2/Sept. 100.0 5 
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TABLE 20. As Table 8., but population 4015 of G. lacustris. The new generation began 
to emerge between 5 July and 29 August. 

M ales Females 
Morph 

Sex ratio Number of 
Period 

Br% S.E. N Br% S.E. N ratio Br Ma 
All samples/ 

years 

**!) ***!) **!) ***!) 

B-17 May 25.6 4.28 103 27.7 3.30 184 ~~ ~~~ ~~~ 414 
** *** *** 

31 May 17.4 3.16 144 17.6 3.77 102 5 55 1/1 
* *(*) ** 

23 June 34.9 7.27 43 36.4 14.50 11 5 555 555 1/1 
** 

5 July 5.0 4.87 20 30.0 14.49 10 5 1/1 
*1) ** 

29 Aug. 24.4 2.39 324 15.7 2.02 325 dd d 1/1 
1) smallest expected value 4.7 
!) comparison between 13-17 May and 29 August 

TABLE 21. As Table 8., but population 4028 of G. lacustris. The new generation began 
to emerge between 19 July and 30 July. 

Males Females 
Morph 

Sex ratio Number 
Period 

Br% S.E. N Br% S.E. N ratio Br Ma 
of samples 

All /years 

**I) 

16 May 28.6 8.54 28 462 7.98 39 ~ 1/1 
*** 

23 May-19 July 14.9 1.98 323 15.5 2.06 309 712 
*1) 

30 July 0.0 19 0.0 22 1/1 
* *3) 

23 Aug. 32.5 5.34 77 24.1 3.97 116 ~~ ~~ 1/1 
1) smallest expected value 32 
!) comparison between 16 May and 23 August 
1) smallest expected value 4.5 

TABLE 22. Percentages of different larval instars of G. rufoscutellatus in different periods 
in South Finland. N = number of larvae. 

Period No. of populations Percentages of larval instars 
(squares) I II Ill IV V N 

13-30 June 4 (40, 42) 3.1 43.8 46.7 6.3 22 
1-14 July 7 (40,22,42) 48.5 51.5 33 

1&---31 July 12 (40,20,31 , 32, 42) 1.9 8.4 25.2 64.5 107 
1-28 Aug. 11 (40,20, 21,42) 2.6 15.6 81.8 77 
&---12 Sept. 5 (40, 21, 42) 6.7 20.0 73.3 15 
4 Oct. 1 (20) 14.3 14.3 28.6 42.9 7 
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TABLE 23. The combined percentage of apters and micropters in two southern and one 
northern (4605) G. lateralis population. Differences in alary morph frequencies between 
periods are indicated with asterisks. N = total number of imagos; S.E. = standard errors 

of morph frequencies. 

Population Period 

2001 1967-04-28 to -06-17 

1967-07-30 

1967-08-26 

2101 1967-06-04 to -06-06 
1968-06-04 to -06-10 

1969-06-02 to -06-18 
1969-09-08 to -09-09 
1967-09-17 

4605 1967-06-29 to -07-05 
1968-07-11 to -07-13 

1) smallest expected value 4.5 

SW 

97.9 
* 

92.6 
*(*) 
81.6 . 

98.8 
100.0 

*1) 

96.1 
96.6 
99.1 

86.1 
86.4 

S.E. N 

1.19 144 

225 135 

4.45 76 

1.17 85 
227 

128 230 
1.49 148 
0.90 111 

5.76 36 
3.81 81 

TABLE 24. The first and last (in parentheses) observations of different larval instars of 
G. rufoscutellatus. 

Square I II 
Ins tars 

Ill IV V 

40 13 June 24 June 4 July 
( 4 Oct.) ( 4 Oct.) ( 4 Oct.) ( 4 Oct.) 

42 25 June 1 July 6 July 
(16 July) ( 6 Sept.) ( 6 Sept.) ( 6 Sept.) 

33,43,34 1 July 12 July 21 July 
(14 July) (30 July) (30 July) ( 7 Sept.) 

46 7 July 

TABLE 25. Monthly numbers of G. rufoscutellatus imagos. Macropters, if not otherwise 
stated. South Finland: second square number (see Fig. 2) from 0 to 2; Central Finland: 

second square number from 3 to 6. 

South Finland Central Finland 
Month 

0 Q 0 Q 

May 37 61 6 5 
June 56 54 9 6 
July 38 301 ) 15 10 
August 73 69!) 3 2 
September 20 10 4 1 

1) One individual with fore-wings 7 +, hind-wings 7-; functionally macropterous (flew 
when cast in air; 4018n20730) 

1) One individual with fore-wings from 7+ to 75, hind-wings 6.5; functionally brachy
pterous (4016n20825) 



TABLE 26. As Table 8., but population 4014 of G. lacustris. The new generation began to emerge in the period 24-30 July. 

Males Females Larval instars (%) Sex ratio Number of 
Period 

Morph 
All samples/ 

Br% S.E. N Br% S.E. N I II Ill IV V NL ratio Br Ma years 

13-29 May 77.7 4.30 94 76.5 4.28 98 - - - - - - } - 2/2 
21-24 June 77.6 4.03 107 65.2 5.87 66 90.8 9.9 1.6 - - 433 000 - 000 3/3 
8-13 July 69.1 6.23 55 59.1 10.48 22 24.5 17.2 13 .6 21.7 23.0 396 3/2 

* 

24-30 July 72.9 4.82 85 85.2 4.54 61 2.3 1.9 10.1 31.6 54.0 513 - - o(ol 0 514 
* ** 

16-26 Aug. 60.8 2.57 362 67.6 2.55 336 3.9 1.3 15.8 78.9 76 } 0 4/1 - -
13-14 Sept. 65.0 10.67 20 81.3 9.76 16 2.9 29.4 67.6 34 ~ - 2/2 - -

***1) ***1) 

1) Comparison between the autumn and spring groups 
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TABLE 27. Regional apter (A), micropter (Mi) and macropter (Ma) percentages of G. lateralis are given from north to south in "early 
summer" and "late summer" periods (separated by a horizontal line). Differences in the non-macropter morph frequencies between males ;;; and females are indicated in the column morph ratio (sex symbols indicate the sex with a significantly higher frequency of non-macropters, 
being used analogously to the asterisks in, e.g., Table 23.) . N = total number of males and females. Significant deviations from an even ::!. 

sex ratio are shown with the symbols of the more numerous sex). -.::::: 

"' "" .... 
M ales Females Morph Sex ratio Samples/ ~ 

''" Square Period . A Mi M a N A Mi Ma N ratio A M a All populations ::i " 

"' ~ 
39 4 June-13 July 88.2 5.9 5.9 17 100.0 - - 11 - - - - 615 r:-' 

~ 46,36 29 June- 2 Aug. 76.4 1.0 22.5 191 83.0 0.9 16.1 112 - 000 00 00 0 28/23 n 

24, 25 21 May-3 July 16.1 - 83.9 31 30.0 - 70.0 20 - - - - 514 .Q 
~ 23,33 4-30 June 75.9 3.4 20.7 29 90.0 5.0 5.0 20 - - - - 515 "' 42 31 May- 17 July 56.3 - 43.8 16 77.8 - 22.2 9 9/8 
., - - - - ::I 

21,31 7 May-26 June 2.0 6.5 354 96.4 0.9 2.7 334 S?<S?> o (o > 24/9 
0.. 91.5 - -
~ -40,20 28 April-17 June 79.0 - 21.0 290 77.7 1.5 20.8 197 - 0 00 0 000 47/20 ~ 10 21 May 100.0 - - 108 100.0 - - 114 - - - - 3/3 (> 
::I 

N of 46-26 3 Aug.- 6 Sept. 81.8 4.5 13.6 22 73.9 - 26.1 23 - - - - 12/11 s. 
46 17 Aug.- 6 Sept. 90.0 - 10.0 20 86.8 2.6 10.5 38 - S? - S?(S?) 9n 0 

'"" 35 6Aug. 50.0 12.5 37.5 16 50.0 13.6 36.4 22 - - - - 1/1 '"rj 

24 14 July- 11 Aug. 11.8 - 88.2 17 6.3 - 93.8 16 - - - - 8n ~: 43 1 Aug. 50.0 - 50.0 18 73.3 - 26.7 15 - 212 "' - - - tr 
42 29 July- 7 Sept. 39.3 3.2 57.1 28 63 ,0 3.7 33.3 27 - - - - 915 GJ n 21 5 Aug.- 17 Sept. 93.5 1.9 4.7 107 98.8 0.6 0.6 163 - S?S?S? - S?S?S? 512 3. 
40, 20 23 July- 15 Oct. 85.9 0.7 13.4 142 90.3 1.1 8.6 185 S?S? S?<S?> 21/11 "' - - "' ~ 

"Early summer" 82.2 1.1 16.1 1036 88.6 1.0 10.4 817 S?S?S? 000 000 000 o. 
All !l "Late summer" 77.8 1.9 20.3 370 85.5 1.6 12.9 489 S?S? S?S?S? - S?S?S? 
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