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' i Population Dynamics and Dispersal |,
. in Waterstriders: a Comparative Approach
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Todd C. Butler , ) '
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Population dynamics, phenology, wing morphology and'

<

dispersal of pond dwelling waterstriders were.studied.by
means of a mark recapture field study amorg three

k\
permanent and 17 temporary habitats. Populations of

Gerris buenoi-and a Species assemblige comprised of G. .

A
[

comatus , G. marginatus and G. insperatus were not

-éélf-susfainipg as all sites were recolonized by

imﬁ}gration in spring. Data confirm that G. buenoi is
‘partially bivoltine at all permanent sites, but-the G.
comatus group may be partially bivoltine at only one of

three peﬁmanen;'sites. Phenology is very plastic, with
variébility depending upon focal environmental R ”
conditions. Both groups or species were -seasonally wing

.-

polymorphic. Specigs within the G, comatus group were

I

‘primarily macropterous, with a maximum of 23% wing Y

Py .

reduction in the summer generation, while G: buenoi

-

exhibited up to 96% wing reduction. . (

Dispersal was measured-as movement of macropters of
G. buenoi and the G.- .comatus group among temporary and
'~ m" ) —— ~ R . . B

permangntxsiteé. No difference in dispersal distance

e 3

" was observed. Dispersal.qgs prfmarily in spring. The
. ® . . . e 8
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G. comatus group macropters had a higher proportion of

.

[

dispérsers than G. buenoi throughout the year. The

data concerning dispersal provide éuppoxt for the

»

‘hypothesis, béséﬁ_upoq a laboratory anaiysis of flight
threshold by Fairbairn and Desranleau (1987), that
dispersal capacity of macropters is gofrelated with the

proportion winged in a species. The greater dispersal

- ' ) - ! L] )
dbility of the’ G. comatus group is also éhownwﬁy,its
more frequent occurrence on temporary habitats- than G.
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+ 1979; Harrison 1980). For shch"spécies, thereé has béen -

INTRODUCTION
' O

9

It is widely be}ieved tHat all extant pteryg&?e )

v

insects evolved from a common, winged ancestor (Gillott

N\,
N

4y s !

' 1980, pp 24). Through various selective forces, loss or *

reduction of wings has occurred among and within various

.insect species. Wing polymorphisms are commonly .
- - « ’ .

observed in Orthopteran, Coleopteran and Hemipteran

kY

'species of insects (thnsbn 1969; Roff 1986; Calabrese

a relaxation of selective pressures for wings to be used

n

in activities such as foraging, mating and escaping

L3

predation (Johnson 1969; Calabrese 1979; Harrison 1986}

Afidersen 1982). It has been suggested that in these

. L4

spec1es, w1ng polymorphmsms are dlspersal/polymorph1sms

(Johnson 1969; Dingle 1972; Andersen 1973,“1982;

Vepsalaxnen 1978' Harrison 1980). The morphs exhibiting
w1ng reduct1on (col{ift1vely termed sﬂortwlnged or SW)

’are sually flightless (Andersen 1982). Thus, it 1s~the‘h‘h
macropterous morph glongw1nged or’ LW) that is considered
to be the dispersal mofph for such species (Brinkhurst
v ¢ . ° .

1959; Johnson. 1969; Vepsalainen 1971, 1974, 1978; . \
e . . . ) i . - )
Andersen 1973, 1982;- Harrison 1988; Roff 1986).

R Among‘the qé;ridae (Hémiptera), wing polymorphisms-

are quite common and have been: extenSLvely studied

(Brlnkhurst 1959, Guthr1e 1959; Vepsalalnen 1971, 1974,

- . . N



1978; %ndersen_1913, 1982; Jarvinen 1976; Jarvinen and

Vepsalainen 1976; Calabrese 1979; Fairbairn l9§5a+b,"
1986; Fairbadirn and Desranleau 1987). The proportions
. of the morphs in polymorbhic species are greater than -
cogld bg‘maiqpained by chance mutgéion or pleiotfdpic

effects (Andersen 1933). Therefore, selectfvg
- ®

advantages must exist for both macropterods and

wing-reduced morphs. : )s,u )
5 s ,

-

The macropterous morph is selected.for its -

-

qispe;sal ability.. This permits colonization of new

— -

habitats, escape from unsuitable or deterioratHag

habitats, and allelic exchange among local populations
(Brinkhurst 1959; Vepsaldainen 1971, 1974, 1978; Andersen

1973; Jarvinen and Vepsalainen 1976; Calabrese 1979).

» .

-

The existence of macroptershméy permit the spatial ‘;
dispersion of eggs among a series of vériab{z unstable,
patchy habitats (Landin ana\ﬂgg?alainen 1976; Spence

. N e .

[

1983); A further advantage ofihéqroptgxy has been
proposed. It is possible that the-LW morph can escape .
poésiblq\floodipg and- freezing duriag diapause by

selecting overwintering. sites away from the immediate

-

edge's of their aquatic habitats (Vepsaléiﬂeﬁ 1971;
Nummelin afd Vepsalainen -1982). Lasftly, it is thought’
-that the prese€nce of macropters can¢resu1t in avoidance
of'ovércrqydihg (Brinkhurst 1959; Vgpqalainen 1971; .

an

Andersen j973). .The'LW'indiviausxi are believed to -

/ \ “
9 A, >
-2- .
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leave their natal'sites shortly after final development

—

}of tﬁe‘flighf apparatus (Vepsalainen 1971; Andersen
1973). Thispl;}ves the SW individuals active on éheb
site. The result is a relatfvely large ovsrwintering
population without o&ercrowding or depletion of .
available resources in late suhmer and fall (Brinkhu;st
1959; Vepsalainen 1971, 1974; Andersen 1573).
—— \\\\\ The advantages of the SW morph are seen in
. ‘ ) reﬁﬁoduction. There appears to be a difference‘in eqg
- > . production between SW and LW Yemales of a species where
short-winged females produce more eggs (zera 1984, 1985;
Fairbairn unpubl.). The advantsbe is aléo in terms of
development time and, more importantly; its iﬁfluence'on
subseqhent réprodpction. SW femalgs appear to reach
- reproductive matﬁrity-faster than LW females gcgfhrié
lQSQ;{pﬁdergen 1973; Zera £984, 1985). Andersén (1973)
‘suggests the reproductive advantage of SW over LW occurs

¥

Y onlyain thg first generation of bivoltine species
(voltinism refers to the number of generations produced
per year). In many bivoltine speéies, the SW morph is

0 only produced‘in the first generation (B;atchley 1926;

* ” Scudder 1971; Vepsalainen 1971, 1974; Andersen 1973;

. Calabrese 1974, 1979). The SW females become
reproauctidely mature soon after the imaginal molt,
“ whereas LW females only become mature~fo}10wing diapause

(Andéisgn'1973); Therefore, in bivo@tiﬁe gspecies, the

-
r . - . -

s o u3—

™
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S '

_SW morph of ‘the first gé?eyation quick}y matures and

produces tge_second generaﬁiqn. This generally
J

\macropterous .second gené€ration, along with LW

1

3 .
individua}s of the first generation, comprises the el

population (Vepsalainen 1971; Andersen 1973). -

overwi

‘Alf insects exhibit a teneral period in their

w
develophent, sdbsequént to the final molt, when the \
exoskeleton becomes fully sélerotized ?nd'flight,and .
réproductive séructures méture (Gillott 198a; thersen :
1982). For winged females, “coﬁpetitivn“ for available

< iﬁesource; between regroductive and flight structures

occurs during the Eenerai period.'vThis pbenomenon is
termed” the "fliht-oogenesis syndrome" (Johnson 1969) .
fﬁig&?hehomenOn may be very important in wing
polymorphic insects because S§W insects display iitflé or
no development of/glight structures (Johnson 1969;
Andersen 1973, 1982; H?rrison'l980). (Therefofé, mofe
energy can be diverted to the production and maturation
of r?productive structufes, enabling SW females to begin
reproduction earlier than macropterous females.

A further indication of the trade-off bétWéen
flight, and reprbduct}qn is fouﬁd in studies:of the *

.

.association between reproductive activity. and condition . - —_

~
-

of flight muscles. In wing polymorphic gerrid species,

.

macropters typically undergo flight muscle histolysis

befbﬁe and during rep:o&uction (Brinkhurst 1959;

.
s




@

( Andersen 1973; Yepéalginen 1974; Fairbairn and-
A d .

Desranleau 1987). Histolysis of the flight muscles

. %

' o -
renders“~the macropters as flightless as.the SW
\ N .
“ individuals. This histolysis associated. with

reproductive activity indicates the dissociation of

- J d [ * *
dispersal and reproduction in these species.

.é'fibal advahtage of wing-ieducﬁipn,is that it

~ N ~

‘ y .
maintains populations:on sites which have proven

. ' : : B .
suitable for groducihé’g;ﬁspring'(Brinkhurst 1959) .,

Given the advantages of both $W and LW morphs, the
. A1 < . N -

persistence of wing poly- and dimorphisms can be seen as

g / Ma ‘balanced and adaptive strategy for a discontinuous
. . i ) o s e . ~
habitat" (Ca}aZ;gse‘1979). Different selective
A , . -
. ,q’ - - n N . [3 !
pressures are (exerted a% various. times and under various

conditions. - The macropterous morph, with its dispersal

' .

7T and colonizational abilities, is favoured in temporary

and unstable habitats: The SW morphs, "however, are

favoured in isol?ted and/or stable hapitahs_%pere'they

: ‘ can exploit the newly colonized habitat (Vepsalainéh,
1971, }974, 1978; Andersen 1973, 1982;\C£1abrése 1979;
Harrison ¥§8G). |

It was pieviouglx siated that macropters form the
~ .~ dispersing segment of-poiydbrphic_épeciesf(op. cit.f.‘
Thera %s grow%%% evidence that cbnsidering all
macropfers inrshch spébies'tolbe dispersers is not . “

-

correct. .Various levels of "flight ability and dispersal S

.
.
. . .
’ g - LN . o N
” N
* - - - v N
- ~5- N C
7 * ~ .
4 : :
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o ' tendency of macropters have ‘been observed betﬁeen and
within vgrious iqsect spédées (Dingle 1965A‘19Q6; Young

*1965; Davis i98@, 1984; Fairbairn and Desranleau 1987).
The presence of a LW mﬁéph in a population does not
éecessarily mean ‘it is the dispersing morph (Fairbairn
1988); WEere macroptérs are relatiQely rare,awing
morphology may be an essentially neutra} characteristic

—\ ,
(Honek 1985; Fairbairn }986). Fairbairn (1986), and

\

Fairbairm and Desranleau (1987) argue that macropterous

ipndividuals of a given specieés can exhibit variable

-

. tendencies for flight due to varying behavioural and
physiological influences. The hypothesis that Fairbaira

and Desranleau (1987) formulated was based upon L !

. |y
litérature data -and field studiezJAé/Gerris remigi

-

~ (Fairbairn 1986)." The'hypqﬁhesis was then stested i the

.

laboraiory using tethered flight technique; described by
"\ Dingle%(l965)f They f&rther su@éesg that the observed
~variabilities in_tendency‘to fly are infricately
dependent upon a suite of associated charactgiigtics.

-rthése characteristics are: proportioglmaéiopterous,

. ~ degree d¢f flight muscle histolys/is, .and repro'ductiVe

~

condition,

Based upon thé\literature réviewgd, paréicularly
" that owaairbai}n.éﬁa desranlea& (198?), a general 1
. hypbthésis'caé be formulated{ - as habitat stability

ﬂecteases,ﬂ&enéxpéct the,propo;tién Gf macropters to'

- &
hY R ’ . - Y ~

-6-
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- increase, flight'muséle hisgolysis to decrease, and the

a

fiight'threshold of the macropters of a given'speg;es to

- - . .
.decrease. If we assume that flight threshold is a yvalid

A

indicator bg’dispérsal tendency in the field, then the
"macropters of spécies with lower,fiight'thresholds'
should sth more disperééf'or a higher rate of éispersai
than'g@g;qptérs of species with higher/flight
éhresholds. -

2 : ~ ‘ ‘
ft:r—¥bq-purposes of this stp@y are twofqld. First{ to
tésg the.ﬁypothesis that the variations in flight ’
thréshold among macropters of .different spécies are
indicative of variations'in the actual dispersal

_tendencies of those speciés.' To test this hy?Bthesis, I

conQucted a field study >f the aispérsél patterns of

five épecies of gerrids, Limnoporus dissortis Drake and

Harris, Gerris buenoi Kirkaldy, G. comatus Drake and

Hottes, G. marginatus Say and G. insperatus Drake and

~HoEEtEes. Temporal patterns q@,d1spersa1 were recorded

.and comparlsons made getweeﬁ sexes, wing morphs and '
species. ghe results obtained herein can then be
-;:mpared—ébfihe results of fllghtwthreshold analysis by
Falrbalrn and Desranleau (1987,) for three pof ‘the
species. The observed pattgrn of wing méréhology:waé
also recorded f;rAthese species.

" The second purpose was to descrlﬁe"the phenology

anﬁ populat1on dynamics of the f1Ve species. Much of

]

-

)
L -
’

l»
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" these species are both useful and original.

b

the information concerning the species*includqgsin this

study is derived from awsaries of taxonhomic .keys and
r , [ J . ! R
investigations of wing polymorphism and habitat

. .

: associativns (Blatchley 1926; Brooks and Kelton 1967}

Cﬁeng and Fernando 1950; Scudder 1974; Calabrese 1:974, '

1977, 1979; Hilsénhoff 1986). - Previous data_ concerning

-

popuiation dynamics and diséqrsal come from western
North American studses (Maynard 19%9; Jamie;on 1973;
Spenc®™ 1981, 1983, 1986; Spque‘and 5cﬁdder 1950}
Nummelin et al. 1984). Furtheraqre; because L,
dissortis is‘diffgéulf to visually, separate érom its
congener L. notabili; , in western Canada, the western

studies have examined the ecology of the two ‘species

combined. Thus, no reliable data exists concerning the
. N N - 3

population dynamics and dispersai)of L. dissortis alode.

Therefore, the detailed data from eastern Canada for

. .. MATERIALS AND METHODS. .

e

. study Subjects
- v

b u'
PR ) [ » ’

: I s,

The general characteristics of the five species

Ll
N a

stgdied are presehteaﬂin Table 1. Gerris comatus , G.

_.'fnspegaﬁus‘ and G. marginatus have been combined for

s pa— .
all analyses as the G.  comatds group. This was done

«
%

o




-y

o PR
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- ponds up to 2m deep and sustain breeding populdtions of -

"Study Sites ‘ %

. habitats (Figure 1). See Table 2 for éescriptions of .

PR

T . o - . l’
because the female¥ of the three species are v1rtually

. s
géndlstmgt)u;hable in® the f1e1d Also, the three spec1es

have been observed mat1ng in the fleld and 1n thé\J\J

laboratory (Falrba1rn, unpubl. ) . Gerris ‘comatus , G.

marginatus and G. buenoi are widespread and abundant in ™.

southern Quebed. ‘Limnoporus dissortis is widespread . LR

but ‘rarer within its range (Brooks and Kelton, 1967).

Southern Quebec is towards the northeastern margin of

»

the range for G; 1nsperatus (Cheng and Fernando 1970).

Identlfxcatlon of spec1es was made in" the labomatory .

using'keys by Blatchley (1926),  Brooks and Keltonvi.

.

(1967), Cheng and’ Fernando (1978), Scudder (19711,

Calabrese (1974) and Hilsenhoff (i986). ' , < '
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The study was  carried out at Morgan Arboretum, in
' Q . . -

' Ste.’ Anne de Bellevue; approximtely 35 km west ofr

' Montreal, Canada{ The arboretum contains a mix of

beach-méple“forest, coniferous blantations, agriculturai
fields,‘and'meadqws: The study sites were a series of
twenty-one permanent,‘temporary and ephemeral aquatic.

iF

the sites. The ,study was concentrated on'sites, 1
. . 3 B e

through. 4. Sites 1, 2 and 3 are'man-made,'permanent_ L
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geipjdsﬂ Vegetation surrounding -and within the o .

permanent. ponds is variablg. Site 1' is surrounded by a

L . -

smali ﬁeadow, while sites 2 and 3 are surrounded by

s-forest. Site 1 contains a -considerable amount of
1y 1 N - ” - A _‘
emergent and float1ng vegetation. Site 2 contains

A

llttle floatlng vegetat1on, but partlally submerged

:w1llow thickets are very~common. Site 3 hes,v1rtua11y .

no emergent nor flpating vegetation. Site 4 is an

aﬁandqned quarr? that has large numbers of gerrids while

I3

standihg water is ‘available during theJSpring.‘ The ™
. b .

Cw

quarry was examined as a' possible source or sink .for

miéiant and to determine whether or not gerfid life.

history is mpdified by local envirgnmental conditions.

Site 7 was. not\extensively sampled, but was examined as

’

source, or sink for migrants. The

. .o ! ) . %
were either ditches or spring-runoff - N

dnother ﬁoésibl

. remairi

A

R puddles. The ephemeral?puddles, rarely more than 20.

_centimetres deep, were the first available sites for .

gerrids in-early spring. - o
. - . L - . ( \

Sampling Period and Methods

vz

&
-

. Sampllng was perfozmed from September 3 to ' - o
September 26 L985, April 1 to Ogtober 26 1986, and March -

25 to ‘June 2 1987. < Durlng these sampling perlgds each

%
A

site (except site 7) was sampled once:per week, unless
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the site was dry. Long and smort-haﬁdred nets Qege qsed
to Cabture she’waterstridérs.,.A rope with a.series e%:
piasFie {loats was Used to "herd" the ihsects to a hﬂ'
position for eafier capture. The shore of eécﬁ site was
c1rc1ed on foot and the emergent and floating vegetat1on~

was rustled to forge the gerr1ds onto open water where
they were more easily captured. To collecb L
waterstriders ‘from the centre of a siée an inflatagie
rubber raft was also employed. AWe'atﬁeméted to ca%lecﬁ '
allextant waterstriders on each visit. At site 7, .

' i

samplfng was less frequemt and consisted of censusing:

for individuals marked at other sites. Captured

-waterstriders wexe held in plastic buckets containing

water, grass"and/or leaves to prevent dessiéationn

»

Escape was preyented by draping ch&esecloth over the

‘(-

’

H

mouths of the buckets.

Marking Techniqgues . : - . .

.

. . - ' ! ’ /
Each indiviauér gerrid captured during- the 1985 °~ -

VA
/
/

. -

sampling period was given a mark‘to'designate,the site -

upon, which it was capfured. Ddring the 1986 angvthe”~

L4

1987 samp11ng perzods, all newly captured gerrldS'were
individually marked. All marks yere made u81ng “restor®
enamel paint. The indlv1dual-mark1ng scheme was -

mod1f1ed from that used by Fairbairn (l985a and b) and

-
~ . -
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- by Matthe?’(1976). The marks were a series of "dots"” .

.
-

/placed ofi the dorsal and ventral aspecté of'the

i
// ptothorax, and on the meso=, and metathorac1c legs.

"

Dlggerent colours*or comb1nat1ons of éolours were used

to des;gnate a serles of ;GG 1ndiv1duals, while the
A\ 1
9051t10ns of the leg and prothorac1c "dots" coded for

\

ﬁumbers 1 through 10¢ of any series. .See Figure 2 for

v p051t10ns of marks. Durlng all sampllng periods, each

o~

¢ individual was marked‘and released "in situ?,

Preliminary, l§poratory exﬁerimentaéidh was

conducted to test for effects off the:harks on survival-

and flight ability. Mdgked.and ﬁnmaiked~g; buenoi and

~ L

G. comatus were placed- in holdlng cages in the

laboratory. «Daily checks for morta11ty were:EErformed

fer a 12 week period in order to ascertain” if the marks.

n
.,

_aﬁvérsely éffegted mortality. There was not a
" significant difference in survival time between marked
. N . ’ N . . \ n
<and unmarked G. buenoi (Table 3). TFor G. comatus ,

% . : O

marked individpals had signlficantlj gieater'Sﬂrvival -~
time than uﬁmérﬁéd.individuals (Table 3). Marked and
unmarked G. comatus énd‘g;‘ buenoi wé&é‘alsd‘subjected
to a flight threshold experﬁmgnt.' The gérfids Qére
attached to a thread with wax and their ability ‘to fly
‘.wéé measured‘acébrAingito criteria ouffined by Féirhairn

and Desranleau (1987). Marklng d1d not adversely affect

the fl;ght ab111ty of elther species (Table 3). ;‘ .'

- 1
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Durlng the 1986 sampllng perlod the fellowrng ‘-

1nﬁormat1on ﬁés récorded for each 1nd1v1dual captured'
'

Y4

7.m§rk number - site number
+ " v = ' ~ . )
s I - ‘date - sex
- wing length ' - cuticular hardness

J
venter colour
A

Cuticular hardnéss waé recordéd-in the'hope thét it |

~
4 1

would provide an 1nd1cat10n of whether or not the
" 1nd1v1dual had recently emerged as an adult.\ It has

been reported that hewly emerged ‘adult gerrids exhibit a’

’ ”' e ) ’ o + h
.

‘e

f the general cutlcle was obsenyed, anqllt was"
hoped that, like the mgse-a11notum softness, such a ;;”
condition would indicate a recent'recrgit to.the'adult
population: Venter eolour-Was‘recordeq as ah indication
of post- or predlapause cond1t1ons. Andersen (1973) and
Spence and Scudder (198G) both reported that the venter
+~a~ of d1apause 1ndlv1duals As'a d;rker Qplour than- that of ..
- non-dlapadse 1nd1v1duals. I found that lndlv1duals o

captured in sprlng, summer and fall exhlblted varylng

amo nts of venter p1gmentat10n. Furthermore, “

Wi ng-redueed 1ndrv1duals‘exh1b1ted both- dark and pale
ventere,'wh{éh ihdiceted that venter cplotr dlﬁferenqes
';yerg,hot associated y?th wind length. ‘MoSt.inéividuelen .
captured in the“earlrest'weeké.bf the -summer generation o

- o oY T 3'° v
?* . f.. - ] ;-ﬂ-13“,ﬁ" B .



(ie. those 1nd1v1duals that had recently emerged as

“ N e

adults) d1d not exh1b1t a cutlcular softness. Thus,

\\égiiyb 1987, venter colour and cqtlcular hardnees were

M ““not recorded. :
s , ) "': " - ..v‘.
Analytical Methods = - -. - ;-
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The Jolly-Seber (JS) est1mates of populatlon size
and assoc1ateﬂ standard error were obta1ned us1ng a’

computer program‘ba§Ed upon ﬁormulae in Southwood .

v . R -

- Do - (1978). quiformula‘is: . o

,’ = , r‘ | ',. N Mi n
S - r

.
- . .

P ta

> -
~

" (see Appendix‘{,forpdesoripéions'of’symbols)’
by N ' ’ -
Minimum'Number Alive (MNA) is a~count of all individuals

L , captured in a glven sample plus any prev1ously marked

1nd1v1duals not captured in that: sample,'but captured

N

subseqqently (Hllborn and Krebs 1976). The formula is:

» ’

. - . “.1 ) -' N - ni‘._zi.,‘ " oo
: ' < ‘ K C ’ o : AP . 2
S . As MNA is a direct count,.standard errors capnnot be
[ . ) * .
IR 1hcluded Both J-S and MNA values are presented becaﬂse

oo -
‘ ) MNA 1@ a consrstent éstimate of the lowest poss1ble

"~ PR Y . .-
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‘pépulation size. The est1mates of trappablllty were

obtdined from formulae in Krebs and Boonhstra t1984). N
Populatibn éstimates were determlned only for sites 1

-
‘ -

through 4, becagse only these sites were 1ntens1ve1y

sampled and suppoxted breedlng populatlons gd both 1986

4

and’ 1987. Movementsuwere recorded when an individual
wd's marked in a particular site then subsgquéntly

recaptured in-a’'different site.

-

* "Ambient temperature at & site was recorded by

. i * 1
suspending a thermometer from a tree branch o=

of .

"dpproximately three feet above the ground. The

* water-surface temperature was optained by using a
thermometer placed horizontally on a stg;ofoam %1oat.
This method measured temperature 1 cm above the
water-surface. Water temperatur? was takeﬁ at'a depth.

of }chm below the surface.

-

. RESULTS

Part I  General Population Ecology

° - 1

1. Popuiation Dynamics

* 3
- ’ -

¢

. For. L. dissortis , Jolly-Seber esExmates were not.
p0351b1e bec;use-sample sizes were wéry lTow, Table 4 -

. shows the numbers-of L. dxssort1s captured at different

Fs Y
] . \
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-sites in 1986 and 1987.
Figure 3 shows ‘the pog:%atieh estihates_for G. .
s 3 — -
buenoi at sites 1-4. Populations of :G. buenoi at all

three permanent sites (sites 1-3) exhibit a suggestion .

of three separate pogulatlon peaks in 1986. This

iy

pattern is most obviets at site 1. The first peak was
(»12/__/
in May, the second in July and the th1rd was late August

to early September (Figure 3a -c). &t site 1 (Figure
Ba}, the peak in May was the smallest, the peak in July
larger, and the peak in August largest. At sites 2 and
3 (Figure 3b and cs, the August peak was the smallest.

.

Two contrasting scenarios could account for these

-

' A wu

observed pattefhs. 'First, it is possible that a farger
August populatlon could compensate for high o%erw1nter
mortallty, thus g%rmlttlng contiduance of the local
population. Thi% idea would suggest that G. bueroi .
populations at sites 2 and 3 risk exfinction éuiing
winter. However,\}ecaptures of 1986—ma;ked individuals
in the spring o{ 1987 suggest that jeven if fall
populations .are small, somé individuals successfully -
overwidter.' Table 5 s;ows the proportion of
subéessfally overwintered- individuals at permanent
s;tes. ‘We see %nbm Fhis data that even when fall
populations‘are small, total extinction does not

necessarily occur. N

-7 Second, if summer-born imagoes .leave' the site

-~
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shortly after maturation to go to overwintering sites,

.

>

"the populationndoes not build up in situ. If this were

occurring, then there should be a large number of new

recruits at each sampling period, but the8e individuals

&
would be present at the site for a very short period of

Y

time. At sites 2 and-3 for G. buenoi , the total

number of new recruits in fall is)quite low (Table 6).

)
‘This indicates that the low fall population estimates at

these two sites are probably not a result of rapid loss
of néw}y matured imagoes.
A comparison of fall and spring population sizes

suggests that immigrants may comprise a major component
4 q *

of spring populations. o Peak spring populations exceed
peak fall populations at two of three permanent sites.
Furthermo:é, animals marked in fall at a given site make

up a émall‘pfoportion of those captured in spring at all

.

sites (Table 5). It is, therefore, "apparent that_ spring

A}

populations Arzkijmpéised primafily of new immigrants.
Figure 4 shows " the population estimates for the G.

comatﬁs group at all sites. For G. . comatus group

populations at permanent sites (sites 1-3), there were

only two peaks. The population estimates thus do not
. s -

indicate a bivoltine phenology (the presence of two

summer generations) as did G. buenoi . These peaks

o

octurred in'May and early August (Figufe 4a-c). At all
H . 9 . -

¢ e

permanent sites the Js'fftimate was larger in May than

N -

}.»‘; -17-
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- } N
July. Howevei, for site 3 (Figure 4cJ), the MNA values

in April were much smaller than the JS estimates. The

—

JS estimates for that period are not very reliable
because recapture rates.yere less than 10%, which
created a large positive bias in the popul;Eion
estimate. At permanent sites, G. ‘comatus group
populationg are not self-sustaining as almost all
post-diapause individuals are new immigrants (Table 5).
Fhrthermgre, as ;een in table 6, the number of new
recrqits in Summer’and fall at sites 1 and 2 15‘10;.
Once again, this indicates that rapid loss Af newly
matured imagoes is probably not the cause of the low
population sizes obsefved. . -

These analyses of population dynamics have begn & 8,

. 7 T
based on Both MNA and JS values. The standard errors of

I3

the JS estimates are generally gquite large and trends
indicaffed by the JS estimates do not always follow those

revealed by {the MNA estimate (Figure Jc). The apparernt

\
"

inaccuracy d/or imprecision of the JS estimates could
)
' . ]
be due to either an effect of the sampling interval, or

: -
to an inability to collect a large proportion of extant

individéals. If there is a rapid turnover in population

.

relative to the sampling interval, there will be a largde

number of unmarked individuals present at each sampling

occasion. This will create an overesi:i?ate of

>

population size and an overegtimate of the associated

] N

. =18-
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standard error. Similarly, a smalf’proportion of marked

inéividuals could rssult in a population overestiéats

and large stasdsrd efror (Southwood }978, Roff 1973a+b).
To determine whi¢h of these two possibilites is
responsible for the large standard errors observed, the
foilowing test was performed.’ In~August 19%7,’a‘total

of 31 G. buenoi were ﬁarked and released in situ at

site 3 using the same sampling teshniques as ths.regqlar
mark -recapture -work. After 1,5 hours, the site was
resampled.. A total of 30°G. Dbuenoi were caﬁtured7 of
which 28 were marked and 2 were unmarksd, Of the
-unmarkea fndividuals, one exhibited cuticular softness,
which 1q§1cated it could have been recently rectulted to
the popuf@tlon. If one excrudés the "new" recruit, the |
Petexsen estimate (Southwood 1978) at that time would be
32.197 1nd1v1duals. Theggtore, one could conclude that,
for sﬁte 3 Si 1east, a large proportion 'of the éxtant
population Was'ssmgled at each interval. According to
Roff (1975\)m_samp11ng at such an intensity w111 produceg
populatlon estlmates that will include the true

.population value within the associated 95% confldencei

n

~

intervalﬁ. ' ?t
' The JS estimates “can also be.influenced Bx :TT
trappability of the animals. qE‘raépability estimates the

proportion of the éktant popuiation which is actuélly

A

cépturéd in each sampling period. The gteater the

S T :
-19- v



.hlghest were for site 3 The~dlfferences in_

Fot example, s1te 3 has very 11tt1e floatlng or. emergent

A

trappability, the more likely a population estimate, +/-
tw% standard errors, will include the true population

size. Table 7 shows Jolly trapbability and mean maximum

t

trappability estimates for the two Gerris species on

sites 1 through 4. The Jo?ly trappability values appear

to be acceptable, as the range of Jolly trappabilities
for small mammals listed by Krebs and Boonstra, K (1984)

are from 32 to 98.5%. However, as the formula to
‘ 1Y

calculate Jolly trappability includes the JS population

estimate, Jolly trappabilities will underestihate the

* ] \ .
true trappability if the population estimate is an

overestimate of the true population sice. It is
X Y e ‘
interesting to note ‘that maxiﬁqm‘trappaoility averages,

which are based on Minimum Number” Alive, consistently

provide values in excess of 7@%. This value'agrees with
, [
the results of the August 1987 recapture experlment.

" ~For both G.  buenoi and G. comatus group, the

lowest, Jolly trappab111t1es were for site 1 and the °

PR . \‘ Y

trappablllty among permanent sites for the same spec1es .

may be due ‘to tﬁe phy51ca1 characteristics of the sites.

¢
vegetatlon. This factor may permlt greater facillty in

capturlng extant 1nd1V1duals. Conversely, sxte 1 has* N

¥

-much more float1ng and emergent vegetatlon, whlch may

s o

render that site more dlfflcult €6 sample. v

L
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We have established that sampling intensity is not
likely responsible fo; the JS overestimateés .and large

Standard errors. Thus, it is quite pﬁ;;%bxe that the
frequency of sampling was not sufficient,becausa-the

Y

population exhibited rapid turnover. .Residence time is

a measure of how long an individual is known .tojbe on a
. - ‘, -

given site, and, therefore, could be an indicator of

4 N )
sturnover rate-in a population. Table 8 shows median

residencestimes by species and site‘for 1986. Median

values were used as a measure of .central tendency

4

because residence times are highly positively skewed.

As can be seen, the median'residence time in most
situations is less than 7 days, which is the sampling

—— - .

N
interval used in this study. This suggests that

-

turnover rate is indeed high, and could thus account for
the JS overestimates observed. , .
\

Andersen (1§73) and Spence and Scudﬂer (198@)

-7

«suggest that macropters of di--or polymdrphic species

leave natal sites for’overwintering sites shortly after
maturation in summer and fall while SW individuals
reﬁain on natal site to reproducg. Such an occurrence
would be reflectéd as differences in residence time

’

between.the wing morphs. Residence times pof Lw.add SW

indiv¥duals were  compared for G. buenoi and g;d comatus

group. Only weeks ih which both LW and SW indiyiduals

were presert have been included. For G. buenei , -
X |
¥ . L] | .-2];- )
\ " ‘ . , .\
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shortwinged individuals had a significantly lohger

2 .
ol

* . residence time than longwinged. individuals at site 1 b
B \ s - *
(mean difference = -0.278, t= 3.687, df= 8, p< 0.01).

. . ) ' Lo :
;. At sites 2 and 3, longwinged and shortwinged residence .

-

times did not differ significantly, but a similar trend

o

of SW residence time being longer than that of-LW was

obsefve&ﬁ(site 2; mean difference = -0,980, t= @.198,

df= 7, p> 0.20: site 3; mean difference ='—G.768, t= . !

¢

.o h @.234, df= 5, p> 0.20). ’ LN J
. . ) e { o . .
.- For G. comatus group, a comparison of residence
.time‘between thé wing morphs was possible only for one ) ,
week at site 3. It was fou that, although not _— 4.

significant, SW residene:\\eme was longer than LW

residence time (median res1q7nce times: SW = 14.00; Lw =‘.
. ' ¥
4.67; U= 53, Ug.85(1)15,5 = 61, p> 0 10) B

\

These results provide additional supportrof_the ‘e

previous findings that LW individuals ‘leave for

‘e .JA’ ¢ N [

AN
overwlnterlng sites sooner after-rmaturation than SW :-

’

individuals do (Andersen 1973; Sbence and Scudder 1980). ‘ -

N Further analy51s of residence t1me was undertaken Ol

‘ . . . . [ v

to establlsh whether or not differences betweén seasons

4 ~

existed for macropterous G. buénoi and G. comatus '

group. The separat1on oﬁﬁspr1ng, summer and fall S
' individuals was based upon the pattern of populatlon

‘ size. For G. buenoi ’ sprlng individuals were all

K ' K those‘frrst captured before Juyne 18,asunmer‘3ndividuqls

»

¢ . ’ A 1 >y . —22— . * ) - )



S 2 ‘ L

: ' ~
were those first captured between June 19 and August 16,

and fall individuag§ were those first captured after

)

Aﬁgust 17. For .G, comatus group, the separation date

between spring and summer/fall samples was June 18 at

"all sites. Median residence times of macropterous G.' s

“ buenoi , grouped Sy week of‘firstﬁcdptu}e; afeﬁhsqally
less than seven daxs} but'medigﬁ values of up to 35 days
gHaVe Leen observed (Fiéﬁre 5a-d) . . For all permanént’
'sites, resiéence times differ §ignific;ntiy among °

, spring, summer and fall populations (Kruskai—Wall;s“'
tests for all: site 1; H= 7.314, df< 2, p< 0.05: site -

2;‘H= 39.064, df= 2, p< @.601: site 3; H='70.535, df=

2, p< 0.0081). ‘In!afl cases;.ééring résidence timé'w;s=

tﬂe léngesk and fdliireéidence time was the sh&rtest.
forng; comatus gioup,lresideﬁce times were also

quite variable. Like é; buenoi ', median' residence

ti@eé of mabrbptérs for m&ét weeké,wgne ie;s.thAn seven

days, yet médians of‘ﬁp to 16’da§syﬁqré recqréed (Figure -

6a-d). At site i; there was not a significant I

difference ig.qesiaegqé t%mevﬁetWeén‘sp:ing and .

summer/fgli“pépqi%tions (U= 18560.5, approxfﬁafe*té

. @.681, p> 6.25). Résideqce times W;ré;sigbificantlj°

higher ﬁn spring than summér at Sotb_sites 2 and 3 (site

':2; U= 27435.5, appro§ﬁzi; 3.665, éi @.001: sife 3; U=,

25117.5, apbrox. ts 2.741, p< 8.0%).

-Weekly\medians"éalculatea for L. .dissortis would
L - -_— .

-23~
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"1987, oderelemedian residence'tlme at site 20, an

-

L)

noe be meaningfﬁi because of ‘exceedinygly. small sample
sizes. Overall median‘residencé_tiﬁes were calculated
for various sites duringayarious seasons.. At site 1,
the median was @.6 days. At site 2, median'residence
time was 1.6 1n spring, and g.8 in summe:. At site‘3,

“the median was 1.3 days. - For 51te 4 1t was 1. 2. In

~

k4

intermitfent site, was 14.0 days. See Table 4 for
[ 4 L3 .

sample sizes for L. dissortis . .

t

. ) . B ’ N

2. Phenolegy

“

0 N , -
7 > ¢

. Wing‘Morphqlogy A T
* - . .

. . o
I - .
.
Ay

The terminology and criteria used for separations

. . ’ Y
of wing morphs are those of Andersen (1982). All Le

.dissortis individﬁals captured during this study were

A

fully macropiegoué (LW).x G. comakus grodb was'found to

be dimorphic, with_macropéerousﬁend brachypterous

3

1nd1v1duals recorded g; bdenoiqwaS‘observed to be
polymorphlc, as, macropters, brachypters, micropterc end
apters were a11 noted B;cause apters, micropters and
brachypters are functlonally fllghtless, they will be

collectively referred to as shortwinged (Sw, ‘Andersen’

1973). S

.

The SW individuals fotr G. buenoi were preéent

- ' | « ) N N ' ~-"24-
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fﬁ>dur1ng early and mid- summer 1986 on all permanent sites..

At sites 1 and 2, the maxlmum proport1on ‘of SW
5

indivxduals was approx1mately 90% (Figure 7a and b)
The maximum ptoportlon of SW G. buenoi at site '3 was’
., 60%: (Flgure 7¢). For all permanent sites, the

proportlon of swW indfbiduals was greater than the 50%

reported (Celabrese 1977).

'

Shortwinged G. comatus group were observed only' in
early summer at site 3 (Figure 8). The maximum

' propértion of SW lndivid&als in any week was 23%, which
N \
approaches the 3@% reported 1n the llterature (see Table
“ -
1). - This may be conﬁounded by the 1nc1u31onJof G. %

insperatus and G. matginatus withiﬁ the species

assemblage. "Both of these spec1es are reported to be |
' fully macropterous (Table 1l). waever, current research

1nd1chtes that all species 1nc£9ded in the assemblage

-

exhibit w1ng d1morph1sms (Falrbalrn, unpubl.).
R .
+ For both Gerrxs species, the maximum proportlon of K

SW individuals occurred the fxrst week that SW ’ ‘ @

’

1nd1v1duals were-captured, thenfsupsequent;y decreased-
:with time. For G. eematus group, the SW individu%ls A
were present from‘ghe end of Junehuh;il.early Adgust;
The‘sw G. buenoi were present from the end oﬁéJhne Lo’ SR

N

.- . September. . . o . oL : .




- ‘summer-born individuals- may fncludg,diapgusg and
" the peakK of recruitment for pre-diapause individuals,
. > ‘

'témporal'pattein-of wing-reduction. The diapause

>

.individuals remain on natal. sites and reproducé. Thus,

' c : . .. . .
Voltinism . ; - o
B . ( 8 . | - ‘ ’ - . ’
The literature (Table 1) suggests that the Gerris o -
species in this study are bivoltine ahd that the

Limnoporus "species is univoltine. We found no evidence.

to refute this for G. buenoi and L. dissdrtis . : q
‘However, there was little evidence to indicate that G. '

comatus group was bivoltine. C . . .

For G. buenoi on permanent gites, the population z .

estimates (Figure 3a—c)‘indicate’three‘peaks,'éach of . - ¢

-whicp/may indicate the recruitment of a "generation".

Thé .May peak is the overwintered pbrtion of the diapause

generdtion. The July ptak represents the peak of. s

Lo

recruitment for the summér-born generation which - ) .o
includes SW'and LW individuals. As noted previously,
. o ¢

summer-born hacroptens may leave natél‘sites for T ‘

.overwintering. sites shortly after maturation, while’SwW

non-diapause individuals. ' The August peak_repreéents, - ‘z

’

Secondary support of bivoltinism for this specié;-is the

t

géneration' is fully.macropterons,“while the noh-diapause"
. . v y ‘ : T ' ’ ., o .
gerieration is represented primarily by the wing-reduced -~

¢
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- “at one time of year, which may correspond to the

. .
- , Y

A
p S

 individuals (Figure 7a-c). The changeb,infproportion

1

’ ' o y [} . . “
macropterous are temporally synchronous to- the summer

.peaks in the population estimates.

G. comatus group in this study area gpgears to be

. et
partially bivoltine at best. Among the permanent sites,

-

no separate July and August pqphlation,peaks were

observed. .The only indicqtion of .bivoltinism is the
présengé of wing-reduced individuals in July at site 3 o~

(Fibure 8). Becauke the SW individuals are present for

< )

‘only five weeks, and tH¥y occur only at one site, it

would appear that the non-diapadse generation is a . ¢

partial one. . - ; - -
The only indication of voltinism for L. dissortis

is derivéd from the temporal pattern of new captures
- . R N [ ) ’
(Figure 9). There is only a large increase in captures.

recruitment of a new generation. .
. R L . .
TN -

_Synchrony of Development*
. "’ ) - .

.
v

Fo® this study,. there are three-possible indicators

r

" of devélopmental rate. One factor is Fug first

occurrence of nymphs in the spring and in summer. This

l.q

factor <was difff&ult-touasseSS for three reasons.

a .

Eir@t, sampling effort was directed towards adults, fhusf

nyniphs were overlooked; Second,’ the first instar’nymphs

# «

LS A 227
3 1 -t had

4

N
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11 and; therefore, % o r
i

PR .
of all species are rather ‘sma N

difficulf-to see amongsi vegetation (Nummelin et al.’

s . 1984).. Lastly, it  was not. possiblé to-differentiate

-»
-

species in the field using nymphs.'fSinbe no nymphs were et
removed from the study sites’ for laboratory )
identificat;on, thi's indicator'of developmental raﬁe was

not feasible.

-
.

. . ¢ 'Y '_s
The second indicator is to compare the temporal

pattern-ofibopﬁlation peaks. If there are differences
in development time among sites, the slower developing

populations would reach .their maximum size later than
[4

0 - M ‘ L] 3 \
the faster developing ones. ‘For G. buenoi , the timg

2

- . of peak summer populationm varie@ betwéen‘fhe.first and
the last week of July (éigure 3a-c). Foér G. comatus

-group, the maximum summer populagions varieé between thé
"last_week of June and the last’ week of July (Figure

. 4a-c).' The differ;nces among sités are consistent for

the‘two Gerris species; the ®arliest summer'peak' , 5 ‘1
populations occurred at site lxand the latest at sfte 3.
It was observed that the spring pophlation peak fdr'g;
Suenoi occurred;between May 12 and {6 for all sites.

This would indicate gﬁat the differénces amonglsites of
the July peék were not due to delayed golonizdtion and
subseque;t reproduction at different si%es. The .spring
-peaks for G. 'comatus_grdup ?écprred between May lé,anq f

[l

June 3. this:ié a §ifferénce of 3 weeks, whereas, a

o o A
3 v '

‘ . <
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difference of 5 weeks between sites for the July

*

pogulati;n peak was‘observed. Therefore, at least some

[

of the differences seen for ‘6. comatus group could be
due to differential development rate.

The third indicator of temporal synchrony is to :

’

compare the temporal pattern‘of wing-reduction among

it

sites., It was observed that the proportion SW was

LY \

greatest the first week that SW individuals were

"

recorded. For this study, only G. buenoi exhibited

-

wing-reduction at more than- one site. ‘The pattern'of
wing-réduction for G. huenoi shows the maximum SW 0
proportion\varied from June 19 to June 26 among sites
(éigure 7a-c).’fPeak éroportion SW for G. comatus group
occurred Juné 19 (Figure é}; ‘\

Development rate does appear tB differ slightly ‘
among sites foF‘both Gerris species. Ambient, P
water-surface and water temperatures were recorded at
each site (Table 9). It is probable that, because
nymphs are also surface dwellers, the water-surface

temperature is an important factor influencing

-

developﬁent time. Water temperature will also have an
effect because eggs are laid below the water-surface.

Tﬁroughyuse of a randomized blocks design ANOVA, it was

détermined that both water and water-surface
temperapurgs‘varied significantly among the three,

permanent sites during 1986 {water; F= 18.129, df=
N ’ - - . A

-29-
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17(34, p< 8.06081: surface; F= 6x592, df= 17,34, p<

@.0601). Among ambient, water and water-surface

- -

temperatures, the warmest permanent site was site 1 ahd
the coldesélwas site 3. it was site 1 that exhipited
the earliest July population peak for both'G. buenoi
and the G. comatus group. This' suggests that
differences in water temperqtures among the sites may

have a marked effect on development time.

' part II. Dispersal Patterns
* w )

(-3

l. Direct Assessment

’

Time of Dispersal ‘ ' | )

=

The success of recapturing‘overwintered

'

waterstriders was very low. Ohly'13 previously marked
gg buenoi were recaptured in spring 1986. Of these, 3

were recaptured in a site different from the one in

which they weré marked. No marked G. comatus grc
individuals were recaptured in séring 1986. 1In’spri

1987, only 68 G. buenoi and 4 G. comatus group marked

the preyious summer and fall 'were recaptured.’—Of these,
. v '

15 G. buenoi were reéapturéd in a differeqt site.

Thus, there is not sufficient informatién concefﬁing
» ' . "
overwinter dispersal for statistical analysis. =
- . - ’

. -3g{'-
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‘/// Table«1@ shows the number of recorded movemengs by

.

species and séason in“1986 and 1987, For 198g>‘75% of

T

all G. buenoi dispersals were by postldiapigse

individuals. For G. comatus group, 86.5% of all
b}

dispersals were by post-diapause individuals. All L.
‘ dissortis dispersals were made by post-diapause

individuals, Thus, all species appear to move‘primaggly
P ;

after diapause.:. It is also seen that there were no
’

differences in number of dispersers between sexes for

3

£y

any species in either 1986 nor 1987. 4

»
»

Distance of Dispergal .
A Y

. - : _ .

Both G. buenoi and G. comatus group are gapable

- . _ of.giigefsals exceeding( 1 #{10metre (Figure 19). The R
~ ) : .

distribution of movement) distances did not differ

significantly between G. buenoi and G. comatus group (X*

= 15,957, df= 11, p> 8.16). “The scale of the study did

not permié detection of disperséls exceeding 1350 m.

o

. .
. 4 ~ Comparative Dispersal Abilities of the Gerris Species -

»

- - : | To make a comparison between the pumber of G. -
buenoi and G. comatus group diqpefsers, it is necessary
~ to eliminate the bias of unequal sample sizes of the
* source populations. fhis ié done by calculating an

~ «
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<
"aajusted" number of G. buenoi dispersers. If
macropters of both G. bueénoi and G. comatus group
disperse af the same rate, one could expect the
following to be trye: .

if p(Gb dispersers) = p(Gc dispersers)

then: :
N Gb dispersers N Gc dispersers
fJotal N Gb = total N Gc

and - -

N Gb dispersers = N Gc dispersers X total N Gb
total N Gec .

The value of N Gc dispersers cgn then be used as an
R
index of the expectga number of G. buenoi dispersers if

the proportion dispersing is the same in the two

0 4
species. This adjusted number of dispersers can then be
" compared 'statistically to the observed number of G.

buenoi dispersing. If there are fewer observed than

i

adjusted Gb dispersers, this indicates that G. comatus

!

group disperses af a greater rate than does G. buenoi .

™

Conversely, if the observed number exceeds the adjusted

number of dispersers, then G. " buenoi disperses at a

r

greater rate.

,

Figurenllaghows the"adjusted and observed number

of G.. buenoi dispersers for 1986.and 1987. Comparisons

—

betweén the observed and adjusted number of G.  buenoi

-

dfsperseps"weré made using‘a paired design to eliminate

’ ~

the effect of time. Over the entire 1986 sampling

N-3E- ' J“:. . N

+

’ .
, .
i ' . @
¢, . N ' °
. ) .. K '
' ' N ] " . * .. . »
. \ B . , .
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period, the number of G. buenoi dispersers observed was

' significantly less than the adjusted number (mean

difference =\-a.1.267, t = -1.985, df = 28, p< 'e.e},).
When spring and summer/fall samples were analy;;d. o
seperately, it was found goth seasons had significant .
differencés between observed and adjusted number of
éispersers (spriné: m;an difference = -2.684, t =
-2.714, d4f = 8, p< 6.65; 'summer: mean difference =
-2.031, t = -1.880, df =11, p< G:GS) In 1987, ‘the
adjusted number of dispersers was significantly greater
than the observed number\6f dispersers (mean difﬁerence
= -9,895, t = =2.,400, df = 5, p«< ﬁ.@Sd.‘1This mean§ that
G. comatus group individuals disperse at a ‘
proportiqnately greater rate than do G.. buenoi
individuals.' Clo§§:2nspection of Figgre 11 reveais an
interesting pattern. The observed number of d§sperser§
is greater in spring 1986 and spring 1987.. This
indicates once agaiﬁ that g;_‘buenoi is dispersing ¥
,primaiily in spring, but less so at other times of the

year. Based upon the adjusted. number Qf dispersers, Q;

comatus group disperses throughout the season, but less

A Y

so during July and August.

! a . .-
2. Indirect Assessment ' )

1

Residence Time

b ] +  =33- T <
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Re51dence time 15 the duratxbn an individual is
'known to be present at a site. This variable: 1s

inf luenced by two facters; mottaiity and dispersal. If
mortality among various;greupings'is constant, then

dif ferences in residence time between the groupings
could be attributable to differences in Qispetsal
abilities. This method of assessing dispersal has been
used for the stream-dwelling watersttider G. remigis
(Fairbairn lé b, 1986). Howeter, analysis of residence
times for the gerrids in thlS study faileg to show any ’
con51stent patterns between 1986 and 1987 and revealed
no association between residence times and the direct .
evidence of dispersal. In these species, residence
times appear-to be influenced ptimariiy by high and
variable imortality rates and thus canno g@ used to
indicate dispersal. |

3 . ~

Site Choice ' CVEN

As the temporary sites within the study area are-
dry for most oﬁ the yeat and de,not suppo;t-breeding
populatio even in sp;ing, the gerrias found on. those
sites\in<Z::}hg Just be immigtants,_ Thereﬁ9re,"the ;
species composition of tne temporary habitats should

reflect the relative dispersal abilities of the

.

. ~34-
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component species.

-

-

The numbers of G. comatus group and G. buenoi

.\ —_— 7, —
present at temporary and permanent siteﬁ were compared
v

for the weeks that temporary habitats were available

(Table 11).. The ‘number of the two species on sites-,

1,2,3,4 and .all ephemeral sites combined were analysed. -

It was found that the ratio of the two species was

»

contingent upon site: G. -comatus group was more

" gommonly found on temporary sites, while G. buenoi was

more commonly found on permanent sites in both years.
Thése findings support the actual recorded movemeht
s

results (Figure 11). G. .comatus group, during the,

L -

‘springsdispersal period, is more common on temporary
r

sites than is G. buenoi and can thus be assumed to
possess greater dispersal abilities than G. buenoi .-

Spring Recapture Success ' .

. )

+

- . “-

I - ’ .
. We have seen that dispersal occurs primarily in

v

‘spring;”apd that. G. comatus disperses more than G.
o Y - e )
buenoi . Based on these facts, it is expected that. the

relative proportions of recaptured, overwintered
e

individuals should differ between the two species. The

-

number of recaptures must be considered as a proportion

of the previously marked individuals.

~> -~

Table 5 shows the number of marked individuals in

' -35-
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1986 and subsequent 1987 recaptures, by site, for G.

buenoi and G. comatus group. Significantly more G.
— —_— .

)
buenoi were recaptured than G. "comatus group (M-W test;
= W2 ZEToREE

U= 9, U @.05¢1)3,3 = 9, p< #.05). This supports the

.

hypothesis that G, comatus group disperses more

e

frequently than does G. buenoi .

~ DISCUSSION
\ kY
% - ,
The results of this stugy indicate that the
' r

dispersal ability of macropte associated with the

pzoportion macropterous as ed by‘Fairbairn and

.
*
Desranleau (1987). This study suggests that dispersal

. capacity of macropters As assessed by flight threshold

(Fairgairn and Desranleau—l9é7) reflects dispersal
ability under natural conditions. %urthermore, this
st?dy presents new information concerning wing
mofppoloqy, voltinism, and population dynamics of the
gerrids present at Morgan Arboretum.

_ The onective of studying the population dyn;mics
of these specieslqas to describe changes in dénsity %hat
would indicate voltinism and ascertain the produétivitf
of the spécies ovef the season. Unbiased estimators of
population sizé are required to accurately track density

changes. Mark-recapture methods of population

.estimation have been used in previous studies of gerrid
¢ . % :

. -

“ . ‘-36-
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Southwood (1978) advocates usi of the Jolly-Seber method

more acclirate than mine, reports overall median
[\

this study, it is apparent that-residence times are

. populations (Brinkhurst 1966; Vepsalainen 1971;_Mattheyi

1976; Zimmermann et al. T982; Fairbairn 1985a+b, 1986).

+

When a number of consecutive samplings are pefformed,

of population\estimatibﬁ. 4Such a method was used by\:

Fairbairn (1985a+b, 1986) in studies of Gerris remigis

-

. However, J-S5 estimates are inaccurate if trappability

is low-and/or gurnover in the population is high. Both,

©

over- and underestimates could result, creating false
. ‘ »

trends in population size.
r”\\IL this' study, the J-S estimates aré not very = . . o
accurate, as® indicated by the large standard errors., = -

This inaccuracy appears, to be due primarily to the rapid

turnover rate relative to the sampling interval.

Geherally, median residence times in the present study . ‘ E

+ .
were less than 7adayé, and frequently less than 3 days.

Fairbairrn (1985b), whose J-S estimatesewere considerably . «
. L

-

residence times of bgtween 5 and 16 days at different

.

R

s . 13 L3 3 1
sites for G. remigis . Therefore, in comparing

Fairbairn's (1985b) median residence times to those in

noticeably lower in this study. These low median

residence times, when combined with the lasge numbers of

-

new individuals captured in various samples, result in a

high turnover rate. -



~

.

;”Ié is because of this inaccurqcy_iq J-8 estimates
fthat I also present Minimum Number aliye values.
ginihdm-Number Alive, as the name imbligs, is a'
consistent underestimator of the.éﬁpdlation size.
However, it does provide a reliable 16we; boundéry for‘
the estimate.  of population size and is not likél& t;
gi&e'falsé trends in the population dynamics.
~Jolly-Seber methodé can lead to false trends ip'the
population dynamics.‘ An example of ﬁyﬁs ta%en from my
results is for -G. comatus‘group at site 3. ﬁere, the

.

. first two Jeshestimates in 1986 are gross overestimates

{(based upon"MNA as a lower boundary of the population
size) with incredibly large stanéard,errors.‘ Because

- the J-S estimates may be unpredictably biased, while MNA

’

is always a negative bias, MNA values may be more

©
a

accugaté than J-S estimates.

’

Bivoltinism was observed ‘for G. ‘buenoi at all’

permanent*sites in 1986. The non-diapause generation .

o »

adults wefe recruited in late June and early July at all
sites. Spénce and Scudder (1956) found that
noq-diapause'indiviauals, as idgntifiedlby éale venter
(pigmentation, comprised a partial generatiob for G.
buenoi inyBriéish Columbie. Aléhodgh venter‘cglour was {
not a reliable indicator of non;diépéuse individual; in

my study, the possiblity that the non-diapause

qeneratfon was only a partial one cannot be excluded.

4 .
. 3
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. '‘considered the non-diapause generation and LW

1
.

o

Under such a 'situation, SW individuals would be

- W
individuals ;heqﬁiapause generation, as seen for the

European ééecies G. dﬁ%nﬁogéster dVepsalainen 1971).

The diapause'generatiod adults continued to be recruited

) #
until October at all sites.

)

-

For G. comatus group, a bivoltine life cycle was
recorded at site 3 ohly. 'HereL,a pgrtial non-diapause/»
_géneration (SW indi&iduals) was recruited in laté June‘
and early July. At site 3, the diapabse‘G..comatus
" group individuals céhtinugd to be qecruifed~un£i1

October.. At the other two permanent sites, G. comatus
. A » . (\ R R .
group exhibited a univoltine'life cycle. Pre-diapause

»

individuals Qere recruited from late June to late

.

August. Unlike site 3, at sites 1 and 2, G. comatus

group individuals were not recruited in September or
"October: 1In comparing voltinism- among sites for G.
comatus group, we can suggest that voltinism has a

certain plasticity and is modified by local condit%ons

9ncountered.‘ N

Success of a population can be measured in‘terms of

¥

increasing population size over the season.. If a

population is to be self-sustaining, a large

5 $ -

pre-diapau§e populafion should be present to counteract .
effects of overwintgr mgrtality and emigration. For G.

buenoi , only at site 1 did the population become

-39; : Y
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N .

5

. ) AN
progressi%gly larger from April to September. 1In other
, .

words, at this site, the pre-diapause populatioﬁ'was

larger than either the non- or. the post-diapapse
population. At site 1, the g; buendi populations could
be self-sustaining. At sites 2 and 3, the pre-diapausé

populations were the smallest. Because the number, of

2

new recruits during this period was relatively low, it
o R . x
is unlikely that these low pre-diapauge populations are
' ' LAY N
the result of maqropterg’emigrating_to overwinter sites
, ,

§hortiy after maturation. Also, as the post-diapause
populations are larger than pre-diapause populations,
there must be'considerable immigration>during the ‘4h

October-April period. Thus, for sites 2 and 3, the

population is not self-sustaining becalse new immigrants

are necessary to re-establish the species on these .

4

sitas. ) o
o

L4
For G. comatus group, only site 3 exhibits a ?f

- 4 :
pattern of population sizes where the pre-diapause ,

- - ~ & . > :"‘. -
portion is largest. ,6 At sites 1 and 2, pre-diapause

populations were smallest. Once again, macropterous
,eﬁigrétion to overwinter sites is not Pelieved to
greatly influence the apparent size of the pre-diapause

populations because numbers of new recruits were

v

especially small at sites 2 and 3 .in summer and fall.

This suggests that, as for G. Dbuenoi , new immigrants

are necessary for re-éstablishing G. comatus gioup on

n

e
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‘(Svensson 1985).

some sites after diapause.‘ -

A pattern of increasing population‘sizes o&er the
season appeaéq typical of many other gerrid, as well as
non-gerrid populations. In.studies of g; L remi is in.
Canaéé ?Matthey 1976; fairbaizn 1985b), G. buenoi , G.

camatus , G. pingreensis and Limnoporus spp. in western

Canada .(Spence and Scudder 198¢), G. lacustris in

Switﬁg;land\izimmermann et al. 1982) and G. najas in
Englahd (Briﬁkhurst‘l965), pre-diapause populations were
larger than ppst—diapadée poédlatiéns. Furthermbret the
same'paftern was observed for a lady—?eétle population.
(Hirano 1955) and a whiriigig beetie population

: ) N , . . -
The patterns of population size at sites 2 and 3
Ny *

" for G. buenoi and at sites 1 and 2 for G. ‘comatus

group indicate that proépctivity is reduced through the
year. As noted earlier;, mbrtality, as indicated by

median residence time, appeared to be quite high id tﬁis‘
' ‘ ) '

study. I believe that predaﬁion is a major cause of

~~

mortality for waterstriders at Morgan Arboretum. .There
T . . . ' ' .. b, .
is @ wide diversity and large number of potential gerrid

predators. Frogs of various species are common at all
“

.sités throughout the seasons. On a fiumber of occasions,

frogs were observed eating\gerrids.( Gerrids [were also

k¥ ° .,

~ "seen to be eaten by spiders, by Notonecta spp. and by

. < -
wg;erscorpibns (Nepidae). Other potential predators

-
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include newts, dytiscid ahd hydrophilid beetles and

perpaps insectivorOJS‘birds. Spence (1986) found adult

"

» ' X W
and nymphal populations of G. buenoi to be limited
. primarily by “predation. He observed that the predators

included notoneqfids, Aeshna spp., and Dolomedes

——

spiders, while shore-birds and other vertebrates were

N

possible predatots. -Furthermore, the reSults of Spence
and Scudder (1984) indicate that predation of nymphsqis
an important -factor limiting populations of G.

"pingreensis , G. buenoi , G. comatus and Limnoporus

spp. in British Columbia.

Sﬁecfés success at a given site is probably also
influenced by, various biotic‘Fnd abiotic factors in
addition“to predgtioﬂ.‘ One. abiotic factor that caﬂ be

considered is habitat structure.- Although all the
gerrids in this study inhabit lentic habitats,
: \ .
finer-grained selection appears to occur for all
b 4

o

species. L. dissortis was consistently captured on one

permanént pond (site 2) and on ditches (sites 20 and

21). Surprisingly, given that L. dissortis is reported
toiﬂhabit-temporgry habitats (CalabreseﬁlQ??,_Spence‘
A ' ) . ;
and Scudder 1988; Spence 1981), few captures of this

> -

species Were made on ephemeral Bites. This may be a

J

result of L. dissortis dispersing later in the spring,

|}

after ephemeral siteé have become dry.' Jamieson (I1973)

.

and Spence (1983) indicate

that Limnoﬁorus exhibits
. y | . , .
‘ , =42~
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del?yep reproduction relative to Gerris species. Such a
habit may result in delayed diépeisal as well,
Nonetheless, it appears that ditches are the common
habitat »for L. dissortis at Morgan Arboretum.

G.' buenoi was very sq;cessful at site 1, but less
so at other permanent sites. G. buenoi is reported to

be associated with habitats containing little open water

* ™

but much emergent and floating vegetation (brogks and
Kelton 1967;.Maynard'1969} Calabrese 1977; Spen;enl981,°
1983; Hilseﬁhoff 1986)., -Site 1l is a sméll‘pond with
much emergent vegetation compared to the other sites in
this study. Sité l‘agpéaig'to be the most productive G.
buenoi habiﬁat agmong the permanent sites.

h é; cpmatus gréup_was mosé successful at site 3.
This success was h1r:erm§ of\Pppulation size as weall as
occurrence of a partial non-diapause generation. Spénce
(1981, 1983) ané‘hilsenhogf (1986) both indicated that
G. comatus was associated wifh larger ponds and lakes
with open water. Calabrese (1977) indicated that G.
comatus was aqséciated with emergent vegetation (not

4

floating or overhanging),.G. tﬁ&iginatus was found in

ponds and streams, and that G. insperatus was

Y L

associated with habitats void of vegetation. Site 3 has
little aquatic vegetation of any.sort and a largé

open-water area. This would be favourable to the G.'!

insperétué component of the G. comatus.gioup. Other

.
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sitgs havg_l%ss open water and, conéomitantly, more‘
emergent and éloating vegetation., The other sitgs were
definitely not as broductive for G. comatus group. -

As noted earlier, the patterns of population size
indicate that immigration is high for the post-diapguse
éopulation. Propprtions of 1986-marked individuals ‘
recaptured in thé same site in spring 1587 were between
0.0 and 9.14. This means that spring'@mmigrafion is
very_imertant. For G. buenoi at site 1 and G.
comatus group at site 3, spring recapture success was
0.023 and 9.004, regpecéively. Thus,vevenlif -
pre-diapause populations are large, post-diapéuée
immigration is an important factor influeﬁcing the
success of a population at a given site for these
épegies._ - B 0

. These ‘observations indicate-.that the populations
are sustained by qonsidérablé spring immi@qati&n. |
Prodﬁcti;ity through‘the season és seriously reduced by

high moftality, which seems to be mostly the result of

predation. The apparently high rate of post-biapause

immigration indicates that these species are ideal* for

-

studying reiative dispersal abilities of dibeerent |
specifé and the seasonal patterns of dispersal.
\ The analysis of digpersal in this study révealed

. :
that gerrids in the G. comatus group tend to disperse

more than G. buenoi .. This advantage is primarily in

\ e a4e
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terms of proportion dispersing rather than distance
dispersed. Eurthermore: this -difference occurred
primarily émqng post-diapéuse individuals. In fact,
over 80% of all dispersal for both species occurred in

spring. Unfor?uﬁately,_sample sizes wére too small for
\L; dissortis to be included in the analyses of
dispersal.

%he occurFence of dispersal §rimaril§ in spring as
obsegved in this .study is;simiiar to thaf—report;a by
Landin and Vepsalainen (1977) for several European
species, Also, although not quantified; several other
authors have suggested disbersal in gerrids to be -

* primarily a post-diapause phenomén;n (Brinkhurst 1959;
Vepsélaineh 1971, 1974; Anderéen 1973; Speﬁce 1981,
i9$3). In a study-of dispersal tendency, in the ’
.1aboratory, Fairbairn and 5esran1eau (1987){Qgtermineé
that pre-~diapause, non-reproductive individdals wer'e
more likely to fly than post-diapause, reproductive
individuals. As féirbairn and'Desranieau did not begin
sampling until May for mosf species (pegé. comm;),
compéréd to April 1 as I did, "it is possible that
posﬁ-giapause, non-repréﬂuctive individuéls were .
exclﬁded from their study.

Although movemeﬁgs exceeding 1350 ‘metres could not.
b7'measured, I believe tﬁat T aséessed 1ong-dis£§nce o —

>

'~ dispers@l. Taylor ¢(1978) used a éeneral'eQuation to

\ . : (45- ‘ )
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deécribe the dené&ty decline of dispersers over distance
(Figuxge 12): In comparing the observed frequency ‘
distribution‘of movement disi;nces by bbth G. buenoi
apdag; comatus group (Figure 10) to the theoretical
distribution (Figure 12), oﬁe can see the observed
distribution most closely résembles the asymptotic
portion of the theoretical distribution. ‘The-asymptote
of the theoretical distribution représents long-distance
dispersal. Both G. buenoi and G. comatus‘group had
similar movement distance distrﬁbutions. That thé Ewb
Gerris species did not differ in dispersal distgnce‘is
siqpificant because i& iﬁdicates that variation in ‘
fiight durétioﬁ.may not be as important a factor in
gerrig dispersal as it éeems to be for milkweed bugs
(Dingke 1965, 1966, 1985). -

_ The difference in dispersal ability bétween G.
buenoi and G. comatuc group is seen in two
characg;ristics; the péoéortion of d{spersers and the
use of ephemeral hibitats. First, because ephemeral
habitats are‘discoﬁtinuous ig'time and space and
waterstriders are poor terrsstriél locomotors (Bowden
1978a¥b)4u;ppea}$nce of gerrids on thgsé sites must be
d;e to dispersai by, £flight. Thus, the\fact thatng
comatus group was more common on ephemeral sites than gi

buenoi implies- that G. comatus groyp has greater

dispersal abilities.’

-46-_,
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. «
Second, as most dispefsal occurred during the

périod that both Gerris species were fully macropterous, °*
the difference in proportion dispersing between. the two
;peci§§ reflect differences in the flight capacity of
the. macropterous morph. Vepsalainen (1971, 1978)‘
developed an argument suggesting that the dispersal
capability of a spécies is based Odnly upon the .
proportion of macropterous:individuals present- at the o
time of dispersal. The ‘results of this stuéy are
different because I found that, although in spfing all
individuals of G. buenoi and G. cgpatus g;oup are .
macropterggg, there are variations in the dispersal
abilities of th;se individ;als ag ;eflectgd in the
difference in propqrtion dispersing. In other yords;
not all macropterous individuals.are equally capagle 6f
dispersal. .This,suppoits the general hypothesi§ that

P . , . Vg
the dispersal ability of thé macropterous morph.is-

v, X

variable, and in the Gerridae, is correlated with. :

. w,

proportion macropterous. ' . ,
L] - . ~

‘Based upon the hypophesis'of a photoperiodic~switch-
‘ determinant of wing‘ho;phology (Vepsalainen 1971, 1?74,

1978; Andersen 1973), it is expectegd that sw ind{vidu%IS'ﬂv
will be among the early recruits to the mno diapause
population. This was observed for G. buenoi at all

. . _— ———— .

pe;manent_sites., However{’fo;‘g; comatus group,.SW
individuals were recorded at’éite 3, but not at the

. : -

-
. R \ t
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other two permanent sites. The SW G.: comatus group ,

\ . <

individuals at sitg 3 were all captured in the eariy
portion of the non—dia;ause"generation.

kThis sfudy has sbown,tpat‘tﬁe 0b%ﬁﬁ§€d dispersal _
abilify of macropterous Gerrids under natural éonditioqs
is correlated with the*propbr£ioh'ﬁacropterous within
the'speq@es} as pfebicted by Faiibairn an% Desranleau _
(1987). Our results further in@icate thaf the
laboratory flight thresholds used by Fairbairn and

Desranleau .(1987) do reflect dispersal (apacity under

" natural conditions for these species. The differences

in dispersal ability of the species studied are not in
terms of differences:in flight duration, but a}e in
terms of habitat choite” and proportion dispersing among

macropters in the spring.

. ~ -48- .
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TABLE 2

Descriptions of sample sites and total number of G. buenoi
and G. comatus group marked at each site within
Arboretum September 3 1985 to June 7 1987,

Morgan

g \
Site Type N Gb N Ge + Duration * Max. Area
(date observed dry) (m )
1986 }1987
"1 pond 3760 688 p / P 1650
.2 pond 2119 . 889 p \ p 3265
3 .- pond 716 . 948 P . 4 P 3190
4 _quarry 332 781 27 /06 g/086 7385
5 puddle 25 26 23/04 5/084 35
6 guddle 16 35 19/94 5/04 6200
7 pond d o p ) 19545
- B puddle 39 29 16 /85 9/04 15
9 puddle 12. 18 23 /05 29/04 10
10 ' puddle 39 31 30/04. 15/04 K 25
11 puddle . 48 41 i i 10
12 puddle 9 * 15, ”'06/65 16 /04 15
13 -ditch’ .5 1 @9 /086 29/04 5
14 . puddle 3 8 16 /05 21/064 25
15 puddle - 17 22 16 /85 21 /04 10
16 ditch 164 167 i B i 15
17 puddle 9 16 30 /64 21 /64 15
°18 puddle 13 8 16 /85 21/04 45
19 puddle 27 + 31 38/04 . 15 /04 25
20 ditch’ < i : 14/07 90
21 ditch i 14/07 75
" * p = permanent
"i = intermittent 3
+ species assémblage °
[}
~ 5
a o (\\
%y ; N i
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: ’ " TABLE 3

»>® °
«

Prelimjnary tests of the effect of marking survival
and flight of waterstriders. ) ’

J

——— i
. G. buenoi G. comatus
marked . control marked ntrol
median survival . .
in days- 87 . 87 . 79 - 63
\ ' .
_ Mann-Whitney U= "119.5 LU= 99.5 Y iy
test comparing n= 29 > n= 32 - - .
: -~ marked and U crit = 181 U-crit = 77 \ 4
-~ .unmarked p> @.28 p< 0.001 o
; " survival. . ﬂ
proportion 0. 22 "0.17 " g.25 - 0.33 .
to fly ’ {(n=36) . (n=9) .
. . . N
JMedian flight ' . ) .
threshold 19 . 19 10 0 1@
\\\__// ’ ‘:} s ¥
N Mann-wt;n“itney U=\];98.5 . = 11 .
test comparing ., -'n= 32 . = 10
marked and U crit = 236 U crit= 19
uhmarked flight p> 0.20 p> 6.20 -
. thregholds . N g
— o -
Y ; ,
- . . -
. .‘ o -
— . . - . @ \ ‘
/ ! N
. o \ ‘Q‘ ‘.. b N Py
:51" ‘ g S \
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” ‘ - _ TABLE 4

' ’ Total number of L. dissortis marked by site. ’
M . 1 M 2 " . v
. ., . \
= \ . N site « .number . o,

- 8 . l . . ‘
. , ¢ 11 -, 13 o .
. ' ' oL 16 13 -
E ’ [/—\ ¢ ¢ i . 4 .
N : 20 55 L
. 21 12 o : .

‘ X v LN .
- 4 -
A
. v . . - @ . *
3 hd “
. o - e d ' . » v
v N L
' " ° B ' -~
. . at ! L '
» ’ .
v ~ < N - ’_ .
. . P B - . 4‘ -
. v ' . . -
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’ - . N ’ - N
0 ~62- .
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K .
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S TABLE 5 . . - .
- J N a

Proportion of indivgduals feéaptuted in épring at same-
permanent sites as. last captured ‘in the previous‘fall,.
+ Does not include individuals captured on temporary sites.

’ ) -; ‘Y' l‘ ,,." ‘ . ‘a ‘ -‘ ) . , N
s . . N
. Site 1 Site 2 Site 3
N . L3 )

N-in fall 712 274, . 50

G. buepoi ' recaptuiéd: 40 N el ) — .| 7
~ “~ ’ N e ‘ - n v ;’ ! : :
- . ’\ M .proport'lon 00..@23 ‘,‘GOazg ' GC 14‘g ’
. R . .: . . .:’ -y . N ] * “'

‘ 0 Ninfall | 156 . , 170 * - . 865

g 3

G. comatus recaptured

a "' e
... proportion .. ° d,wak 0.000  0.00
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. . o TABLE 6

Total number of new recruits by ‘season for
G. comatus group at permanent sites in

4

. buenoi and
1986 only.

p!f’.

Site S?ﬁsoh ‘ ‘G.'buénoi. . G. comatus group
3 \// -
spring : 324 236
1 summer 622 142
fall N . 1655 13 .
- by e R D MR R S R W AP R e ) -—‘- ------ - e WS S Gh R TR S e -—----\i-—- ------ - e Wy - -
. ' i a
spring 384 : , 283
2 summer ‘ 66.4 cr W 15%
PRI, S S e
~ ) ) " \
‘spring 156 288
3 L summer .192- . g 541
© fal B 5@ 194
- ‘ - - —
“ . %
; 'Y
: /
\ . g

’
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o ) : TABLE 8 .
a ' . . '
Median residence times in days for waterstriders
at Morgan Arboretum, 1986. Sample sizes are
given in ,table 6.

™ » ,
N . . X
" , G. buenoi G. comatus
, . ) site 1 , *
' spring 1.2 8.9
- - ‘summer ( 0.9 e - :
i v fall 0.7 .

- .
g. 8 \1. °
“ r . + .
o A - O T —— —— T i - ————— - . Y - P > D W -

- .6

site 2

- . sprifig
) - ‘summer .
4 fall

« o -
R O
!

N SN

L 3

%
) site 3 ' ' >
, spring 7.3 5.4
' summer 1.7° - o
1.5

Ce ' o fall

Ly
-] .
N .
- ) L
B
. ? :‘ \
4 .
,
.
» N -
» o .
Q
. . « =66~
» . L v(" » -
. . D

(S
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- . - ’ ' - Table 9

A Summary thﬁlstics of ambient, water-surface and water
temperatures ("C) at primary study sites.
. \ .
. Site ' ambient * water~surface - water
. : % 18. 4 18.8 _ - 18. 5"
j o1 8 2. 56 2.38 ' 2.38
: - - n 27 27 ' 27
< . F 18.1 17.3 17.6 «
’ 2 . s 2.62° Y 3.36 2.33
¢ n 27 v . 27 ) 2 271 ¥
4 Q . ]
- TEEEmEmmm T ToTEmeTT mosTTTETTTET TTTETT TETTETTT pkEroy
j‘ . 17.9 17.2 15.5
3 s '2.51 T 2.33 T 2.30
‘ . n — 27 27 27
o ¥
______________ T e LT
: A X . 16.0 , 16.9 16.9 -
4 $ 2.13 2.36 2,34
' . n 10 10 10
\ - - ‘ s
) L . “
. . ' ’
“ . ~
S N ,
/ - L v
' x4
[4 . R
A
) . N % / -67~ ‘
r \, f - K
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TABLE 10 Y
Number of dispersers for all species at all sites in .
1986 and 1987 at Morgan Arboretum TN
‘ ’ Generation L.. dissortis  G. buenoi . G. comatus .
-, . m f m f £
spring 86 4 1 20 19, 33 .31
. summer 86 - - 1 3 -
L " fall 86 - - - 5 4 SS5e T
spring 87 2 4 - 34 26 34 .36
1 - o
' c0mpa;}sons between sexes for‘nu@ber of dispersers 5 o
i L.d. G.b. G.c.
1986  X* = 8.90 - . X*'= 0.00 %* = 0.03 : ,
1987 x* = 8.33 ' x" = 0.53 X* = 0,03 “
i o critical (@.@5), df= 1 =-‘3,§41

p

> 0.25

in ‘all comparisdns

L ”

&
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igure 3. ‘JéllyAnger (+/- S.E.) and Minimum Number Alive

i

estimates for @. buenoi at study area:

b) site 2, °c) site 3, d) site 4.
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Jolly-Seber (+/- S.E.) and Minimum Number
Alive®estimates for G. comatus group at
study area: a) site 1, b) site 2, ™

- o ¢) site 3, 4d) site 4.
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Median residence times
macropters 'in 1986. at:
c) site 3, d) site 4.

Figure 6.
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Figure 7.

1

Proportions of wing reduced G. buenoi by week
of first capture in 1986 at:

2, c) site 3.
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Ficjure 8. Proportion 'of‘v}ing reduced G, comatus group by
week of first capture in 1986 at site 3,
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Figure 9. Total number of marked L. dissortis by week of \
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_Figure 10.

.

Relative frequency distribution\of~dispersal
distances for G. buenoi and G. comatus group
from September 3 1985 to June 7 1987.
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Figure 11.  Observed and ‘adjusted number of G. buenoi
migrants over all sites within the study area.
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" Figure 12. Theoretical distribution and arithmatic.
model describing density of .dispersers
away from a central source. Model and
graph derived from Taylor (1978). =~
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. Appendix I - ) , o
Explanation of. formulae used in population estimates. — .
4 . o“ . , ' et
’ 1. Jolly-Seber population estimate: e - .
) . N “= population estimate at timet .
n .='total numbei captured at timet A s .
. \ . —
‘ r = tntal number of marked individuals .
. . “recaptured at -time i , -~ N
\ M '= estimate’ of the total number of mauked '
animals _.in the population at tlme .
a = total number of animals released at t1meL
R ' = number of animals released -at timei and -,
i subsequently recaptured ‘
Z = number of animals released previously,--not
captured at t1met N but subsequently .
recaptured . - - )
i . . % N ’ '
2. ‘Minimum Number Alive: . - .
N = population size at timet ., ° T o ‘
! - . \, . . N .o .« . .. . . .
= n = total numbér captured at timei . ' . ‘ )
: ~z = number previously marked not-captured at
' time t , but subsequently recaptured '
. ‘ .
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