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The reduction of water SU百ace by dessication is dangerous for water stridersしespecially for

nymphs.ニThis study aims at clarifying whether the water striderＡｑｕｎ,八ｕｓ　ｐａｌｕｄｕｍuses

increasing population density as signa↓of the reduction of their habita卜It］o6k･ａ･slightly

shorter･ time for nymphs to grow up at high density (14.4-4,4 nymphs / 100�レthan at low

density (7.8-1.3　nymphs /100�).　High density　during上nymphal　stage　caused lower

fecundity than was se面 under low densityに These results suggest thatÅｑｕａｒiｕｓｐａｌｕｄｕｍ

uses h迫h･density as s一迫nalof reduction of theirトhabita卜血the･field.　　‥‥‥‥
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　　　　し　＼　strider　　　　　　　　　　　　　　　　　　　　　　ト　　し　　　＞　　ニ

INTRODUCTION

　Water strider (Heteroptera,・Gerridae) inhabit∧permaμent上and / or temporary　ｗａ:ter

surfaces, and wing p9↓ymorphism is common in species livingﾄin temperate zones (Andersen

1973, Vepりalainen　1978, Carabrese　1979, Zera　1983レSpence　1989). The▽greater　the

habitat-stability is, the higher the proportion of wing一拍dリced individuals is (Vepsalainen

1978). The size of permanent, and the number ｄ上temporary, water surfaces vary with

seasonal changes in temperature, solar radiation, precipitation, etc., and with non-seasonal

aspects of weather (Vepsalainen 1978). Dryingしof ponds or streams is very dangerous for

the nymphs of water striders, because they have a soft cuticle and 叩em to suffer a greater

loss of water than do adults. Nymphs may use increasing density as one signal of reducing

water surfaces.トPopulation density during the nymphaトstage may affect growth, wing

form ａｎｄぺallocation of nutritional　source　between　fligh卜and reproduction　after adult

･ All data in this study were　obtained
in Department of Biology Faculty of Science, Osaka

　City University Osaka 558, Japan　　　　　　　＼　　　　　　　　　　　　I　　　　　　　　　レ



｣24　　　十　　………Res.･Rep･i K.ｏ:油i皿浙ﾌﾞ……:y排y群ﾉ牡叩町ﾔＮ証ﾑ･……………:･=;j:万]………ﾉ＼ｿ…………2･.

　　　四　　　　　-←■■■■■■　■　■■■

ｅｍ９小胆eレμｕ皿虻田㈱……=：ヤp9巾仁曲排＼皿e･ﾚ氷原〕ﾚj.･ノヰφ㈱卜姐尚≫f…………4
I･..万一.:.･tg:む万i

訂icｒｏｕelia面瞎Z直言affectedヶby nymphalﾚﾚd㈱胆汁]皿峠ﾉ,宍く1･りnsi･･ty･.･i･うd･ucesh･ｷk

ｍμぱopterousｿf面皿ｹﾞ　Among Gerridae,:ho碑

ofト＼如面lation dりnsity dｕ八面the nymphal

characters described above.犬Ｔ=㈲ﾀﾞpresent wo

density血ｎy出phal duration 哀れdadult ovi:

犬Overwintering:adults
(nearly如くmacro誹e如1面y)頗ﾚぷ

ｗａ｡柚ｒトway in KochiレJa面ｎﾉ(33ト30' N,寸33° 35｡':･/=万ﾉ畷……1･y

in＼ p1卵聯∧pots /14ﾀﾞcm万作∧d組よａ闘犬……りc血鋤……=ﾚ車う柚………十……:し=･y

maintai面d at上辻5hノス塘ht亀5h八姐峰ｺﾚａ闘……諭古口で∧ﾀﾞt

experim皿特,＼曲9:f吊作皿wly-ha蝉励d in牡�]㈲血池ﾄ:

which hadﾄbeen laid byニthe 12

low densityユduring……the

the 12 overwinte血唱ｊ=己

心mp臨ト牡ageブT油犀ﾚ

e･頑Ｖ毎e once a∧貼y√at 12:00,∧tｏトdeterm血e

adul卜em町gence,卯ｅレ:male and one」female

single plastic pot√The p聯卵1面sitionうeriodﾄＷ郎ト

eggs∧counted every 1二2 days.

Table 1レPercentagり9f六白urvival in high

adリIt stages in A卯此如ｓﾆ･･ｐ･dlｕｄｕ･琲.･=

Density'
High density

十　（48レりニ

Low density

∧(128*)

PQｒむentagが

二Density"

Percentaぼｅｹc

１

21.6

100

12.0

100

（Ｎｕ皿ber ofトnymphs at:theﾄbeginning of
ｂ………Ｎｕｍ･Ｄｄ･ｏｆ……nymphs･/･1<･pot (w･jt＆一面ｒf屈言ｽｻﾞ巧

(レPercentages are雨rived from the number∧肘〉1

…………Adult･

･←

２

………………27.1

２

26.6

stage.



A Preliminary Study on Effects of Nymphal (Hak八da) 125

　　　　　　　　　　　　　　　　　　　　　RESULTS I　　　　　　　　　・　　　　・　.･I　　・..・

　During the nymphal stageバhe process of percentage survival at h址h density was similar

to that at low density (Table 1). The duration上of the firsレ泊star at high density was

slightly longer than that seen at ･low dens此y［high density: 5.2土L2 days (mean土旧⊃よ

low, density: 4.7 士J.0 days; Mann-Whitney U-test : ｚ ＝ 1.67,？＝･0.048］(Fig. 1).
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Table 2, Effect of density in the nymphal stage on oviposition process

　　　［mean士S.D. (n)］under 15.5h light-8.5h dark at 25±2°C.

　Preoviposition

　period (days)

Number of eggs゛

　　　　O－10

　　　　10－20

　　　20－30

　　　30－40

　　　40750

Total fecundity**

High density

Macropterous

13.3±6.1 (3)

39.3±27.6 (3)

84.0±67.2 (3)

34.3±18.5≫(3)

40,3±35,5*(3)

51.1±46.1 (3)

249.0±58.6*(3)

Low density

Macropterous

　9.9±1.91（7）

　71.3±26.7 (7)

130.0±33.2 (6)

　83.5±33.4 (6)

　81.4±10.5 (5)

　84.0±33.8 (5)

478.4±83.2 (5)

Brachypterous

　10.8±1.9 (4)

1皿8士42.8≪(4)

119.0±31.2 (4)

　58.8±43.4 (4)

　86.5±15.0 (4)

　76.8±20.3 (4)

492.8±98.8 (4)

* The number of eggs for every 10 days after the onset of･oviposition

** The total number of eggs for 50 days after the onset of oviposition

″Ｐく0.05 ０ｎMann-Whitney U-statistics for difference between macropterous females

　　grown in h毎h and low densities, or between macropterous and brachypterous

　　females in the low density group･
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(Iwao 1959). The sensitive stage seems to be included in the first to　fourth instars in the

case o£　Ａｑｕａｒiｕｓｐａｌｕdiふm(Fig. 1).

　Ｈ汝h population　density　may　induce　a　h汝h　proportion　of　macropterous　forms　in

ＡｑｕａｒiｕｓｐａＬｕｄｕｍ(Table　2), as　it　does　in　some　species　of　Aphididae, Delphacidae

(Homoptera) (Harrison 1980). It has, however, brachypterizing effect in Ｇｒｙllｕｓｒｕｈｅｎｓ

(Orthoptera) (Zera and Tiebel 1988). Crowding or high population-density in the　larval

stage induces　or enhances　the　level　of　photoperiodically　controlled　diapause　in　some

lepidopterous and coleopterous species (Danks 1987). InＡｑｕａｒiｕｓｐａｌｕｄｕｍ.high density

during the nymphal stage cannot induce reproductive diapause (Table 2). However, it can

reduce the number of eggs (Table 2). The means　by which the density effects operate

cannot be defined on the growth rate, wing form and reproduction by Ａｑｕａｒiｕｓｐａｌｕｄｕｍ.

But we can eliminate the　state　or amount　ｄ　food　as　an　indirect　ｃｕｅしin　this　study,

differing from the case ｏ{　Ｃ;yｄｉａｐｏｍｏｎｅｌｌａbyBrown ｄ al. (1979). Mechanical stimuli

and / or chemical cues may be the means by which density elicits its effect.

　Shortage of temporary habitats as ａ result of deciccasion is possible after the rainy

season of June and 曲e first ten days of July in Kochi. Therefore, in temporary habitats

where only macropterous parents are present after dispersal, the mortality of nymphs due

to dried up habitats is possible [the second generation nymphs ｏ£Å.　ｐａｌｕｄｕｍ:Harada

(1992)]. The reduction of water surface leads to an increase in population density. In this
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type of dry season, the growth rate rises higher because of the high density (Fig. 1), and

more nymphs can grow up before the water surface dries up.

　Macropterous adults grown under high-den緋y conditi皿s show lower fecundity 曲an do

either macropterous or brachypterous females grown under………low density (Table 2). In some

insect　species, adults　allocate　the　available ・resources･ニ･to　flight･　capability　versus

reproduction (Tauber et al. 1986). Macropterous adul:ts inＡｑｕａｒiｕｓｐａｌｕｄｕｍ.ｇｒown at

h塘h population densities seem to spend more･resources on flight capability than do those

grown in low density. The longwinged water十strider Ｇｅｆｒiｓth,ｏｒａｃｉｃｉtｓhastwo morphs,

fliers and ｎｏｎイliers, with regard to maintaining flight………j

period. Fliers maintain flight muscles throughout the reproductive period and lay fewer

eggs than do non-fliers, which histolyze their flight muscles (Kaitala 1988). High density

in nymphal stage may produce “flier"macropterous adults　and 10ｗトdensity promoting

“non-flier"in ｊ卯『ius paludum, although no experimentaトevidence isトavailable on　the

ability of these macropterous adults to fly.　　　　　尚十

　During the first ten days of reproduction, the feC皿dity　of brachypterous　females　is

higher than that of macropterous　females　in　the low　density group (Table　2).　No

s址nificant difference is, however, seen betwりen the牛嫉廉mg forms:0･ver the first 50

reproductive days, which accords with the da辿Harada
･(↓個2) has

presented on individuals

grown under 15.5h light^8.5h dark and at 20 ±2゜Ｃ through the nymphal and adult stages･

This difference shown by Ａ.　ｐａｌｕｄｕｍbetween the two wing forms in the oviposition

process has been also reported in Ｇ.　bｕｅｎｏｉ皿ｄ Ｇ．ｐｉｎｇｒｅｅｎｓi＾(Spence＼1･989). In view of

the oogenesis-flight syndrome (Johnson 1969,ニＨ海山on 19㈲), macropterous adults grown in

１０Ｗ population density may supply some part of the restricted resources to flight only in

the prereproductive and early reproductive period before the hystolysis of flight muscles

occurs (Table 2).　　　　　　　　　　　　　　　　∧　　　　　‥
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