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}bgr—l; remigis. Gerris najas the sister specres of Gerrls remlglf does not have the basncom@

a

Ahstract

§ ) ! - . LI \
\ l‘. S

A cataloguing of cuticular structures on legs of Gerrts remigis is presented, Harr layers amd

. sense organs are dlscussed A descnptron of prevlously undescnbed baslcomc sen!',llla on the

trochanters and femora of mesothoracic and metathoractc legs of Gerrls remlgfs males i rs ‘given. ‘ ‘

- Q ' —

A survey of 25 species in seven, genera reveals that these basiconic sensilla are on thq)

: mesothoracrc troc‘hanters and femora les and f emales of LimRoporus dissortls

L T

Limnoporus notabllls, and lenoporus rufoscutellatus. The dlstnbuuon of these basrcomc

i

' (sensllla suggest they were mdependently denved twice, once in these three: Specres and once in

i)

sensilla

istology of the legs of Gerris remlgls reveal that each basiconic sensrllum is mulu{lnnervéted

\.__-

with 11 to 15 neurones. Multt innervation and apparent small pores on the sensillar surface .
su;gest these are multi- porous chemosensitive organs. - ' /
Mating behaviour in Gerris re;nlgis is described. Behayioural experiments designed to elucidate
the f uncuon of these basrconrc sensilla were conducted It is suggested that théy are .
chemosensmve and detect a contact pherornone produwd by the female. Evidence in favour of
this is: (i) senstlla are present only on adult males {ii) a behavioural act of leg rubbrng is
perf ormed by the male on f emale s abdomen dunng maung. (iii) the abtlrty 10 successf ully

y-1
mate in darkness Evrdence not in f avour of a pheromone mediated maung system is: (i)

AN

‘ mating occurs af! ter blocking receptors of these sensrlla (u) expenments where models are

. treated thh extract of slurryed f emales and presented to males show no reoepuveneSs to males

_ coneermngmatmg CT L ;' e .'. Co .'

At

The: basrcomc segfs'\tlla are probably chemosensitrve 'l'hey f unctmn in matmg behavrour but gre -

part of a larger matmg system mvolvmg vrsual vrbratwnal and chemrcal cues. All three cues

’ Vare unportant but not all three cues need be present for suecesst‘ul matmg to occur, * - /- 3
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1. Introduction

Water-striders (Gerrida;; Heteroptera) demonstrate grace and beauty by their soft velvety

-

appearance and their unrestrained fluid mov;:mcnl across the water surface — as if not to make
a sound or leave a trace upon the water. Moreover, il is intriguing that, inspite of their ’ A
apparant idyllic way of life, they survive in an ‘environment that can be harsh. 1t is their
combined robustness and gracefulness that make them remarkable; it is their unique

adaptations that allow them to have these qualities, that makes them particularly interesting to

study, ' - .

Qe’rrids belong 1o the ipfraorder Gerromorpha or semi-aquatic bugs, There are over 12,000

known species of Gerromorpha; 85 per cent of known species belong to the families Gerridae

and Veliidae (the two most-derived families of the inf raorder) (Andersen 1982). All
Gerromorpha live in damp areas usually with free-standing water, Members of Gerridae and

Veliidae are the most successful in adapting to the water surface.

1.1 Ancestral form and adaptation

1.1.1 Angestral form

According to Andersen (1982), the ancestral gerro}ﬁqyéﬁ lived in damp locations where it was

accessible to water. Because of this, the gerromorph entered new and distinct adaptive zones on

<

the water surface, or to be more exact, the air-water interface. There are three major zones in
; N ‘

which gerromorphs live: (i) transitional zone between terrestrial and aquatic, where there is
little free water, rather, water film and drops (e.g.. decaying vegetation, gravel); (ii) small
water patches, vegetation covered with water (e.g.. tree holes, crab burrows); (iii) bpen water

surface (fast-flowing or slow-flowing streams, stagnant ponds)(Andersen 1982).

- -

}
. S )
The third zone characterises best the habitat for members of Gerridae and Veliidae. They live in

!



habitats from temporary puddles to the open ocean (such as Halbbates). While there are

.

Coleoptera, Diptera, Collembolla, Acari, and Araneae that five on the water surface, the
Gerridae and Vellidae (as well as other gerromorphs) have developed upique adaptations
including major morphological and behavioural changes, which especially suit them for their

environment. The changes in Gerridaé — and to a lesser extent Veliidae — will be discussed

here.

Al

1.1.2 Leg adaptations

t

A major structural deviation from the ancestral heteropteran found in these tw‘o groups
concerns Jegs. The mesothoracic and metathoracic legs are scpérated posteriorly from the
prothoracic legs, giving the impression of being almost inse‘rted on the abdomen. The
mesothordtic and metathoracic acetabula, and coxae, are directed caudad. The mesothoracic .
coxa is enlarged 'l;itcro-venUally (this modification accomodates powerful extrinsic muscles

necessary for the thrust motion in rowing) (Andersen 1982; Bowden 1978b).

The prothoracic leg is the shortest of the three leg-pairs. The function of this leg-pair is to aid
in balance during rest and locomotion, and in prey-captlfﬁng and mating. The prothoracic leg
is modified for grasping (including having an enlarged femur and tibia). In the case of
prcy:capture, the water-strider dﬁems.grebs—&he—ﬁtey with its prothoracic legs, and hpalw the

prey with its mouthparts while securing it with the prothoracic legs.

The mesothoracic leg is the longest of the three leg-pair; the .ﬁrsus is especially elopgated.
(This is dif}‘erent than in the groundplan of land-dwelling Heteroptera where the rﬁetat:ho'rgcic
leg is longer.) The rdle of the mesoghoracic leg is mainly in locomotion; it proyides the impetus
of the thrust stroke. it is also involved in ofient‘ation, steering, and in mating and -

g

communication (to be discussed later). : o

The metathoracic leg is similar in form to the mesothoracic leg. The tarsus is not as elongate as



the mesothoracic tarsus. The metathoracic Jeg functions in balance, and to a certain degree, in »

locomotion. Again, it has a r0le in'orientation, communication, and, possibly mating.

1.1.3 Hair-Layer adaptation

)
Another major adaplalion' of Gerridae {and other semi-aquatic bugs) is the hydrophebic

hair -layers that cover the body mcludmg the legs, These hair - layers are a necessny for

prevention of wetting of cuticle and overall protection against moisture. The velvety sheen
appearance of these insects is due to the hair-layer structure. Andersen (1976, 1977, 1982) gives

a detailed description of structure and function of the hair-layers. There are two hair-layers:

(i) macro-hair layer; and (ii) micro-hair layer. (Theée terms are used sensu Andersen (1977), N
hewever. it should be pointed out that the micro-hair-layer is actually composed of

micro-trichia, which are non-articulated, non_-inneryated cuticular outgrowths. Andersen’s

\
terms are used here in order to minimize confusion.)

The mecro-haliq layer consists of various types of loﬁg, pliable, socketed (and._lhus_ Probably ‘
_ innervated) hairs. In Gerris lacustris, the majority ‘6'1' hairs are‘ 40 - 60 pm in length, tapering
‘mom a width of about 2 ,un to a point (Andersen 1977). These measurements appear to
' . apprommate those of other members of Gerridae. The hairs are, in general, fluted or ndged In »

addition to these ‘hairs are trichobothria that can extend in length to 100 ~ 150 um (see chapter

2); and more_sl()ut hairs or setae with a base width of 15 - 20 xm, the flutes are more

pronounced on these lafger hairs (see chapter 2). Save 'f or trichobothria (which are at 80 - 90 ,__
degfee angles), the macro-hairs are incliped at angles of 20 degrees enlc_iyi;tal le; parts to ‘5(')

degrees on the body. Inclination of these hairs is integral in achieving effective hydrophobic

action.

The -d'ensity of the macro-héir layer also plays an important rble m maimaining dry cuticle.
However the hau‘ density varies widely among mdmduals and species. Andersen (1977)

estimates hair densities of 3000 5000 per square millimetre on the lower pan of the pleuron in
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Gerris lacustrlr. whereas in a species of Halobates one macro-hair type occurs in densities of
8000 - 12,000 per square millimetre. On the head, prothoracic lobe, and more dorsal parts-ef-

the insect are hair densities less than those mentioned aboved.

-

'The micro-hair layer is composed of non-articulated, non-innervated cuticular outgrqwths that
dénsely cover the body. l‘nb‘Gerrls remigis, { or example, the hairs are 4!— 10 pm in lengtP and
about 0- 6 pm wide; snacing is about 1 - 7 um (Andersen 1977}. Micro-hair densities are

‘ greater than macro-hair densities. On the mesostemurn of Gerris lacustris, for example, one
finds densities of up to 5 - 8 x 10° ‘per square mtlllmetre (Andersen 1977) The distribution of

micro-hairs is less vanable than that of macro- harrs. legs tend to have few, if any, micro hairs,

‘and the cuticle is smooth or slightly tuberculate (see chapter 2).

Hair shape and structure are highly variable. The most common nu’cro-hair tapers distally, but
remains rounded at the end. PrOJectron of most hairs is 90 degrw& to the cuticular surface.
Some micro-hairs bend f oward distally, such hairs usually appear in groups compnsmg a field
ef bent micro-hairs. Some hairs are modifi jed distally into a clubbed, beveled. or flattened h
shape; this is especially noticeable in species that are highly specialised, for example, members
of 'the 'genus Halobates (an open ocean living Water-stfider). |

A‘ndersen (1976 1982) discusses the rOIe of hair-layers in nlaintaining' positio'n onv the air-water
interface and 151 locomotton The surface film is def ormed by the wetght of the water- stnder

" The water- -strider does not break through the surf ace film becfuse there is a resisting force that

E pushes the area of the legs in contact with the water surf ace upward Thts resultant f orce 1s

‘ :dependent on the area of

3 ~.

water. and the angle of’

i contact with the water surfaoe the surf; aee tension of the

tron of the water surfaee f rlm whrch Andersen refers to as the ‘
contact angle The greater the hydrof uge properttes the greater the angle of def ormauon will
. be (always greater than 90‘ ). (For themathematml expressxon of thrs and a more detailed

explanatton t.hegeader is refi erred to Andersen (1976) )

o



\

‘ Durmg locomotron the distance and speed at which a water -strider i is able to move is h

The hair-layers are very hydrof uge. This is due t'o the'shape of the hairs and area of contact .
with the water surf ace, and possibly due to oils or waxes covenng the harrs ’l'he hair-layers,

with their hydrof uge propemes have a hrgh contact angle and it ts precrsely this that allows ‘

‘them protectron from wettrngF Itis of prime 1mportance that the harr—layers arer maintained in -

, { .
NS s e N NI
proper position and clean; this is why waten—stnders are of @' seen grooming.
. . 1 . \ - .
‘ . Sy

1.2 Locomotion | | o

- .

Hydrofuge properties of hair-layers of me{e insects play an integral part in locomotion,

although this may, at first, seem contradictory. While it is stressed that water-striders rest on . .

~ the air-water interface, there is one moment (in locornotion)' where it Vbreaks through the water

-

surface f ilm; this perforation is made by the (ore—apically inseried) ;arsal claws ~The ingect is .

able to protraCt the tarsal claws, ‘break the water surface film, because the angle of def ormation

rs less than 90 degrees, and thereby gam resrstance which it may use in locomotron —and

RS
" movement in general (Ande,rsen 1976) When the claws are extended ‘and because of the extra

£ orce due to the mechamcs of leg movement, the meniscus is increased viz. ln depth (to

*
Ll

approxunately twice that of a resttng Velia (Velndae)) (Andersen 1976). Damhof er-Demar

(1969) used thrs pﬁenomenon in rnvestrgatrons of locomotron by observing the shadow of the -

mmrscus on the substrate From thrs Darnhofer- Demar concluded that waves were generated, .

by leg movements as a way to increase resrstanee by applymg the leg to the back slope of the

wave, Tlns allows an mcreasentn power and ulttmately spwd in locomotton (Andersen 1976)

dependent on the power of the pr0pulsxve forces and the drag (created by the legs on the

" water- surfaoe)(Andersen 1976). The drag ona water -strider i is small due to a high contact ‘

angle as well as the abtlrty of the insect to 1ift 1tself of f the surface. The actual mechanlcs off

: locomotron of water -striders — rncludmg dynamrcs kmematrcs functtonal anatomy. motor
: control and behaviour — have been extensrvely worked out (pnncrpally) by Andersen
. (1976.1982);‘Bow (1976 1978a 1978b) Darnhofer Demar (1968 1969 1973 1977) and

LN

WV

-— 4

.‘/"



: " : -stroke may take place (see frgure 1. le) (Dornhofer Demar 1969; Andersen 1976 1982)

Murphey (1971a./1971b).

Members of the families Veliidae and Gerridae have evOlve’d a mode of locornotion (terrned
| rowing), at the expense of walktng (Bowdan 1978a) Although the water- stnder is able to' walk

on land the action is uncoordinated. Bowdan (1978a) suggests that propnoceptlve input is of
; f
little importance in walkmg because of the unpredrctabthty of order, number, or combmauons

~ of leg protractlon Yet, there exlsts weak coordinauon (1ntersegmental as well as mtrasegmental

et

coordmauon)(Bowdan 1978a). . o

ln contrast rowmg is'a very well cooidinated means of locomotron in which the megothoracic
legs are the major propulsrve organ whrle the prothoracrc and metathoracrc legs unctron asa

tetrapod support (Andersen 1982; Damhofer-Demar 1968),

A complete stroke cycle can be divided into five ph'ases (Andersen 1976'): (i‘) stationary, r'n ‘
which ah‘three leg- pairs are resting on the air -water lnt'erf_ ace: the force of the mesothoracic
‘leg- pair is not as great as that of the other two leg-pairs. The distal end of the prothoracic
tarsus is in contact while the whole of the tibia and tarsus of the metathoracic leg is v.in contact
with the air-water mterface (see figure 1.1a) (ii) beginnlng thrust, in whrch thc mesbthoracrc
.legs synchronously pushina caudad drrecuon Meanwhlle the werght of the insect is moved to
' ‘the metathoractc legs and the prothoracrc legs are lrfted off of. the surface. (see figure 1.1b)
(m) thrust 1s a contlnuatron of phase i where the mesothoractc legs f ully extend and complete
a stroke and both the prothoractc and metathoracrc legs are of f the surf ace (see fi tgure 1 lc)
(w) beginnlng recovery. thrs is the gliding phase whcre the tnsect rs not touchmg the water
: surface.-(see frgure 1 ld) (v) recovery, the insect makes contact wrth the surf ace. first thh its

: prothoractc legs and then metathoracrc legs The mesothoracrc legs are recovenng. so they do \

not touch the surf ace, rather they are moved f oward toa posmon SO that another eomplete

""Steenng and turnmg are controlled by unequal thrust of the mesothoracrc leg pau' anda % B
B 3"rudder,-;ltke acuon.bof-the_metathoractc leg rps_tlateral to the. direction of the turn (Andersen . .T



1976. 1982).

\ Andersen (1976) determined the duration of certain ppases 'Phe thrust phase lS 20 30

\

mtlhseconds and the recovery phase is vanable lasung up to 60 mtlltseconds in Gerrls lacustrls
It appears that the water stnder takes no more than ten strokes per second each stroké
propellmg itup tol-5 centtmetres in addttton to the gliding phase whrch is approxlmately

’

three to seven times thts drstanee.

o’ . .
5y N o

It should be menuoned that there exists two types of strokmg in the Gemdae The first is -
glrdmg Capamgro & Eriksen 19 6) in which there is low frequency rowmg and mmtmal
change in prothoracrc and metathéractc legs. The second is 'leaping' (Capamgro & Eriksen '
1976) or jumpmg (Andersen 19&) which is‘an escape mechantsm in which the water-strider
Jumps up because of the power of the thrust toa hetght of one centimetre in some cases; the

~ whole animal is in the air and the thrust phase speed can reach 100 - 130 centrmetres per second

(Andersen 1982). -

Stmultaneous rowmg of mesothoractc legs in the water - stnder is an intriguing adaptatton o life
on the water suif ace. Itisaf aster, more efficient means of locomotron — taking advantage of .
: the physrcal properues of the water—surf aee tensron and hydrof uge properttes of the insect's . 3

hatr layers - compared to that of pnmmve tripod type of locomotton f ound m most

& Heteroptera (mcludtng the lesser denved semi- aquauc bugs) This method of locomotnon ‘

‘ contnbutes greatly to the success of thts insect. |\ o - e
N SN Lo
1,.§‘Sensory,aspects AR : C ';‘-“'“.' L .

' - IR AN o Ty “ -

. /' s Members of the farmly Gerndae have well developed sensory systems especrally on the legs
‘f o The prothorath mesothoracrc and metathoracrc ganglta are condensed into a smgle mass. m o -
- the prothoracrc regron wrth maJor nerve trunks leadtng to penpheral organs such as legs A

f';-‘ { L wxde array of mechanosensmve organs are found on the legs. these mclude three types of

& Lo . ; o . . , ‘-.-‘ns‘




‘ 1979 1980a, ercox & Kaslnncky 1980)

»

campamf orm sensilla , tnchold sensrlla mnervated haus ({ €., Type l or cutrcular
oz ol
mechanosensrttve organs); and Type II sensory organs (non- cuthular mechanonsensmve ¢

organs) such as chordotonal organs Itis. undexStandable that these insécts have an extenswe

3
number of sense organs stnoe legs play a vital rOle in the Gemdae

Members of Velndae and Gerndae are able to peroerve water-surface waves as srgnals to detect

potentral predators and prey as well as deternnne conspecrf ics (Andersen 1982) In some speetes

: males and or f emales s1gnal by creating surface waves. Presence or absence of these sngnals can

: mdtcate sex temtory spacrng and matmg call: (Andersen 1982 Walker 1983 Wilcox 1972

L.

- ’Evolutlon of thls type of sensory system in Veludae and Gemdae was possnble because of thei

' “'explortatton of open water, where there 1s little vegetatron debris, and other possrble blockers

of surf ace waves (Andersen 1982) In open water, there are also many waves - OT background
norse - wlnch are of no value to the insect; they have therefore evolved surface wave
pereeptxon of in f requencres and amphtudes thus mimmmng and filtering noise -

‘( Andersen 1982) For example Rensmg (1961) fi Qund Gerris lacustrzs responsive to ripples less
than 4um and greaier over a large f; requency range of 20 500 Hz, with peak response in the
rang'e?*ﬂf 150 - 200 Hz. lecox (1979) f ound Gerris remlgzs responsrve to two dlf f erent

f requency fanges and npples of lpm amphtude or greater “The fi irst f; requency range was 20 -
50 Hz— sngnals produced by strugglmg prey. the second f requency range was 85 - 90 Hz - ‘

: produwd by conspecrf ic males asa sex recognmon behavrour (lecox termed the hlgh |

- frequency signals 'HF' srgnals)

'

. ’l'he actual sense organs mvolved in detecuon of surface waves desplte consxderable research

il wih st hichobotia It s kv

ef fi ort are’ unknown Lawry (1973) hypothesrsed that tnchobothna located on the femora.
v tibtae (labelled trochanters in Lawry (1973))\41?1 tarsr of Gems remigis detect surfaee s1gnals

- when in contact wrth water Moreover Lawry fi ound a redueed response to vxbrattons in.

J

‘t'»mvertebrates do use tnchobothna to detect



'atr vrbratrons (Schuh 1975) Murphey (197la 1971b) ina thorough study of motor control '
" and sensory aspects ol\onentatron 10 prey in Gerris remlgls found that’ IOcaltsatton of prey i
- occurs by several turns, the degree of turnmg dependmg on drstance from: prey’(as well as "
drrectron) The mesothoracrc leg pair and the metathoracrc leg’ ipsrlateral to the prey are tlfe\ ‘
legs most mvolved ina tum And the phase of* f mng of motor neurones of these legs is, agam | R
. dependent on’ drstance and direction of prey (Murphey 197la) Through‘ﬁblatton experiments :
Murphey suggested that omni- drrectronal mechanoreceptors are located in the tibiai- tarsal
joint, in the distal part of the trbra or in the first tarsal subsegment Localrsatron of the source S\
of waves occurs by determmmg which sense organ — and necessartly leg — is nearest to that |
* source; from this, the rnsect is able to orient by variable turns (Murphey 1971b). From
Murphey's work it would appear that, rndeed srnce ablation of the ubral tarsal joint produced
a reduced response 0 vrbratrons thef€ is a sense organ (most lrkely a Type IT sense organ)

present in the trbtal tarsal Jornt regton No electrophysrologrcal or htstologrcal studtes have been e

carried out to conf irm this hypothesrs

1.4 Behaviour B I ‘

1.4.1 Prey capture |
| SO

Gerrrds are watttng predators m that they rely on the water surf ace to erther transmrt srgnals
‘f rom a potentral prey, caused by struggltng, or to physlcally bnng prey within reach (Andersen B
, i1982) Freshwater gernds feed mostly on terrrestnal msects that have become trapped on the | -
' 'water or on' emergmg adults (whlch have aquauc unmatures) Whrfe gemds show a clear
: preference for prey that is alrve they wrll when starvrng. feed on dead ammals In a study of |
) f ive specr(qs famresou & Scudder (1979) f ound that a gemd will usually not respond to prex if y"
it must turn more’ than 100 degrees The degree to whrch a gerrrd wrll tum and the drstance rt L |

«.,..thl travel to capture prey varres wrth hunger S S

| K . =
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. Gemds rely on vxsual cues in’ locattng ano‘ orlenttng towards prey. especrally at close range
(J amreson & Scudcler 1979) But. as mentioned above gemds are able to locahse strugglmg
x_prey by surf ace waves generated by the prey (Liche 1936 Murphey 1971a; thcox 1980 |
K Andersen 982). Accordmg to thcox (1979) Gerrls renugls responds to waves of a frequency '
‘of 20 - 50&(A this bemg/the frequency of waves generated by struggling prey. Onentatlon to.
. the prey 1s by small tums until the prey is dtrectly in f ront of the water -strider (Murphey
1971b) At thts pomt the gernd moves rapidly in a strarght line towards the prey Wlth its
: ‘ raptonal prothoracic legs, the gemd grabs the prey and unpales the prey with 1ts fi wding
stylets The gemd stays in thts posrton unul satiation (Andersen 1982) \
“ . (Gerrids may also use surface waves, in cbnjuction with visual 'cues, as a means of detecti'ng :

predators such as fish.)

1.4.2 Matjng behav'iour.

An even more tntngtnng use of surface waves by gemds mvolves matmg behaviour Many
gemds —_ possrbly all — produee and detect sxgnals through surface waves to distinguish

,potenttal mates competitors and ovrposmon sttes ‘Systems vary with dlf f erent species.

C Wilcor has done 'considerable research co'neerning the 16le of signalling in mating behaviour ~ln .,
' ‘Rhagadalarsus kraepelinl (a pond dwellmg gernd in' Australia) Wllcox ( 1972 1979) found
that the sxgnalltng system is complex and well deveIOped A male produces srgnals for~(1) |
o '\pre copulatory ealling and courtshrp, (u) copulatton. (m) post copulation (lV) mdivxdual . |
L 'spacmg. (v) terntonahty. and (vr) ovxposmon site (Wllcox 1972 1979) Both males and L
females are responslve to these stgnals females betng sensmve enough to dtscnmmate between |
| : ﬁfrequenc?e;s dtffenng by 1 5 Hz (Wilcox 1972 1979) A male responds to temtonal and spacrng
3. stgnals as well (Wilcox 1972 1979) The male frequently uses a statronary object such as a st1ck

‘or leaf as a srte f rom whtch to srgnal the female. after copulatton uses thrs as an oviposmon

stte (thcox 1972 1979) A i‘emale produees courtshrp sxgnals only (leeox 1972 1979)

el -
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' Gerris remlgls has a srmpler system and in this respect probably better represents the
) Gemdae as a whole Only the male signals, and only the male responds The signal is the HF.
) stgnal of 85 90 Hz The male uses this srgnal when near a conspectf ic to drscrtrmpate sex. lf ’
‘ ithe conspecrf ic recervmg the srgnal is male, he will srgnal in response; then they will qutckly
‘ separate or, in some cases, fighting will ensue. If prtor to srgnalling there is an attempt to
. mount the male betng mounted wrll commence HF stgnallmg ll‘ the conspecrf lc isf emale ‘

there is no response and the male wrll usually attempt mounting (thcox\ 1979; Andersen

1982).. Whrle females shgw no overt response t6 HF srgnals, ‘they. may perceive them.
‘ Signalling systems have been vvorked out in other species such as Umnoporus dlsso'ms

lenoporus notabllls and lenoporus ru foscutellatus (Spence & thcox 1986 Wilcox & Spence
| 1986 Vepsalamen & Nummelin 1985) The systems closely resemble that of Gerrls remlgls The

\
_male signals _jnd only the male responds There are howevet dif ferenees m behavtour (l L.,

causes of stgnalhng, types of - responses) - "\

.*.
-

It is not known how important or to what extent srgnallmg is mvolved in maung behavrour As

tn prey- capture it appears that vrsual cues are tmportant in mating . behavtour Visual cues are

ngt neeessary for rnanng to occur, however '(Wilcox 1979; Andersen 1982)

— A

1

. lChenucal cues may also be mvolved in mattng There is some eyrdence that chemteal cues may
‘ exrst in some spectoes ‘of water- stnders (Spence personal commumcatton) This will be
| dtscussed m greater detarl in chapters 3 and 5 Moreover the functton of the metathoracrc scent L
- gland has not been determmed Among several hypotheses related to the f unctton of thts gland N
it has been suggested that it f unctrons m matmg (e g producmg a pheromone) (Andersen
‘1982) However thcox (1972ffound chermcal cues to be unnecessary for matxng,hehamur_ | - ol‘- .
‘S srnce males responded to models in the presence of experrmentally generated srgnals Thrs does " o

not however mean that chemml cues do not exrst only that mattng 1s poss:ble wrthout cues e
' I Lo . . ) o R t‘ _4

] ;otherthansurfacesrgnals e T e e ‘-'-“p“f'*‘
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Matmg behavnour (mcludmg territonahty, andrr%ale male mteractrons) has been described m
Rhagadotarsus kraepellnl (ercox 1972) Gerris naﬁzs (Sattler 1957) lenoporus dissortis and
lenoporus notabllls (Spenee & Wilcox l986~ Wilcox & ‘Spence 1986) and lenoporus |

' ris foscutellatus (Vepsalamen & Nummelm 1985), among others A detailed descnpuon of a

matmg sequenoe in Gerris remlgls is presented in chapter 5. o : . .

) —

1.5 Definition of thesis problem

)

Because gemds hve in a umque habttat — on the air-water. mterfaee they have evolved many

' adaptatrons conductve to survival, Modtf 1cat10ns and adaptattons of the legs are especrally

interestmg to study because of thetr essenual and mtlmate assocratron wrth the water surface ‘
Extreme modification can be seen; structurally, as in lengthemng of legs cabdad posmomng of ‘
aeetabula pre aplcal claw msertron hair layer; functlonally as m enlarged extrmsrc muscles
jump and glide locomotory mechamsm behavrourally as in mpe mechamsms locomouon
grooming, matmg. and neuroethologrcally, as in prey detectron matmg srgnals and motor

control. o C | : N

- . ) .- . : . Lo . -
B . - .

Concemmg detecuon of surface waves, Murphey (1971b) determmed that there isa lack of -
proper orientatton af ter ablatnon of the tarsus and distal end of the trbla and concluded that
there must be a sense organ located m the txbxal tarsal regron However no hrstologwal or

Ll

electrophysrologrcal work was carned out to confrrm the presenee of a Type §|

: mechanosensmve organ in thrs reg;on Lawry (1973) suggests that tnchobothna are mvolved m- |

detectron of surf ace waves I-hs work mvolved an SEM study and some hrstologrcal work

dealing w:th neurones of tnchobothna Complete hrstologreal studres and electrophysrologreal

L studtes were not carned out

; . - e \
e . e o T
St B . ‘ " 1 M " . . + g v g . - .

In order to better understand pOSSlble mechamsms of surf ace- wave pereeptron three areas

reqmre investrgatron (1) a thorough SEM study of cutrcular sensory structures especrally m .

Vi
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A

._ electrophystologrcal studtes of the sen\lntrvtty to surf ace signals of 1denuf ted sense organs

P

}

. . , . ‘ "N \
o : . : ! LI
b . . . .

the tibial- tarsal joint area (ii) a senal secuonmg of the legs to 1denttf y' appropnate neurones

' agam paying close attention to ‘the tibial- tarsal ]omt area for Type 11 sense organs (m)

' ‘ ‘ )
Thts thégkprowdes data on the first two areas for Gerrts remigls, a lOcally available specxes

whrch l/s well studted and large In the SEM mvesugauon I noticed a sexual dtmorphtsm
mvolvmg serise organs of the legs The mesothoractc and metathoraclc f emora of males comam
apparent chemosensmve organs The sexual dtmorphtsm suggested that these sensxlla could be

involved in surface -wave detectton yet, therr basiconic shape and appa pores suggested a.

-v
"

chemosensmve f unction.

_ Tomy knowledge these sensrlla have not been prevtously described. lt is not known what the

dtstnbuuon of these sensrlla are, if they are present only in Gerrls remlgls orif they are wrdely

' dtstnbuted but have not been descnbed Also little has been done on maung behavnour m

[N

Gerris remrgzs therefore there is no mdtcatton that Gerris remlgls mating behavrour has 4

'behavnoural acts’ consrstent wrth a pheromone system Thus 1 tncluded m my study a seguon ,
on drstrtbutlon of these sensilla in other gertids, and a section on- the stfucture in Gerris - ‘
remlgts Chapter Wt&logue of cutrcular structures on the legs of Gerrls remigls. Chapter 3

1s a survey of presence of the new basrcomc sensilla in vanous spectes as well as a more

detailed drscussron of the sensrllum type Chapter 4 presents the htstology of the basrcomc

v sensrlla Chapter 5 descnbes a basrc maung sequence for Gerns remlgls, dtscussmg pqssxble

behavrours consrstent with a pheromone system Chapter 6 1s an attempt to pull the various .

- aspects together mto a coherent analys:s of the rOle of sensory systems in legs of Gerrts remlgts

l.;6 Gerris )'emtgis lifehistory"' AP o E o o

'U' : . 4!

)
N
o' ._""l

I chose Gerris remtgts as the specres on which to f ocus ‘my study From a practtcal standpornt

. ——
S 0 ‘

1t was chosen because of 1ts large sxz.e avarlabthty, and because lt has been well studied

lll ‘ : .‘ 13 .
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G % temala (Drake & Hams 1934) It 1s poss:,ble that Gerrls remlgls is actually a species

conﬁﬁu’Thcre are al least three taxa that are mvolved in lhls putative complex in USA and

'

, Canada (an eaStern a western, and a southern Laxon) (Stonedahl & Lattin 1982): For more

inf ormation regarding tnjs, the reader is referred 0 Stonedahl & Lattin (1982) and Michel

\

(1962). o | -

[ [ "
T '

The body size averages_,lz,» 5~ 15 5 millimetres in males and 13 - 8 ~ 16 - 6 millimetres in

'0;-
-

o f cmales (Slonedahl & Lattin 1982) it is also.more robust, bemg wider in the thoracic region, as

compared lo Sther getrids. The female is shghlly larger than the male. Apterous, ‘

1 : *

" brachyptetous and macropterous morphs are seen in Gerris remigls. However, this is not a

3
coniquuence of seasonality a partic‘ular individual will eithgr develop wings or wnll not, There

tends to be little variation within a population, generally a populauon wxll be predominately
apterous, predominalely brachypterous, or medominalely macropterous with few, if any, of
The other fnorphs. The apleious form is, by far, the most common (Andersen 1982).

114 » Pl )
Gerrl: vr‘emlgts prefers flowing water, and is frequently f ound on small str with little

vegeumon save grass or sedges on and near the banks. It spends much mﬁq- patrollmg on open

water, and when in nwd of protection will quickly hide 1tself among the vegetauon or in
w»

eroded crevnees wnhm the stream-bank wall. Because of the current, Gerris remigls is more .

active than other water-striders in terms of movemem The extent to which it drifts is hmned

because of its active nxovement.,

"

Like other water- smders Gerris Femigis is predatory on land- dwellmg insects caught in the

S

Water as well as eme*gmg msects (that have an aquatic larva life stage) Cannibalism is not

.'(

* uncommon, 'esp_eeially when food supply is iow. .

W L ] .
Iy P N
o

indivi%dﬁ? of ;l;is ‘species ate often seen in aggregations, eépecially in the fall prior to

- . . . »

Sy
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overwintering. Gerris remlgls‘ overwinters in the adult stage, ‘on Jand, and in leaf litter, under

rocks, and debris (Stonedahl & Lattin 1982). Overwintering sites are, generally, near water,

The number of generations per year varies with climate. In Alberta, Gerris remigis is

univoltine; eggs are laid in spring, nymphs mature in the summer, and adults overwirter in the

[}

f Qll. Adults are usually encountered on the water surface {rom late-April to mid-June and

from mid~August to late-September. Again, this depends on climatic conditions, In milder
. P :
climates, Gerris remigis can be bivoltine or trivoltine ( Torre-Bueno 1917), and possibly

polyvoltine in tropicél regions (Stonedahl & Lattin 1982). The eggs of Gerrts remigis are
oblong, approximalely 1 6 millimetres by 0+ 5 millimetres (Stonedahl & Lattin 1982), They are

laid, in groups, on ﬂdatipg debris, such as sticks, leaves, and grass, Maturation time varies with
- ' .

‘«

climate, but js about a fortnight. There are five larval instars, ahd development time fs. again,

highly variable with climate. : | _ ’

-

. \
Gerris remigis, overall, is an excellent research aniinal. It is a robust fisect that is agile and

gracef &l on the water, Because of its general availability, large size, and uncapricious

behaviour, it is a reliable laboratory or field animal to study.

]
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Figure 1.1. Five postural phases in locomotion. Relative size of circles represents
amount of force or tension applied to the air-water interface. (a) stationary;
(b) beginning m}ust; (c) thrust; (d) beginning recovery (no contact with

surface film); (e) recovery ( redrawn from Andersenp1976 )
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‘, 2 A Catalogue of Cuticular St_ructures on the Legs of Gerris remigis

2.1 lntroduc‘tion |

Sem1 -aquatic Hemtptera to Whlch Gerrts remigts belongs, have become most snccessf ut in
a adaptmg to ltl' e on the water surf ace They are adapted to avord wettmg of the body, by

.

| . .pdsmorung thetr body away from the water; and by possessmg a hydrof uge miacro-hair layer
(Andersen 1§76 1977) At the same time, in order- to remain on the water surf ace and for
‘locomotrve purposes semi- aquatrc Hemrptera requrre greater contact wrth the substrate (1 €.,
-an mcreased surface area) than is necessary for terrestrral msects wrth therr substrate Thus
| changes in leg structure and onentatton have evolved mamly through the mudad posmonmg of
the acetabulurn and coxa (Andersen 1982; Bowdan 1976 Popov 1971). For detatled mf ormatron
| on life hrstory and adaptanons of semi- aquatlc Hemrptera concermng ltfe on the water surface
the reader is ref erred to Andersen (1982) -and Popov (1971) Much work has been done on
'locomotron and f unctlonal anatomy of legs, mcludmg crnemaphotographrc analyses and .

blomechamcal analyses (Andersen 1976; Bowdan 1976 1978a 1978b; Brtnkhurst 1960;

‘Darnhofrr Demar 1968, 1969 1977 Murphey 1971a Rensmg 1962)

-

Another adaptauon of some semr aquatlc Hemrptera is the abrhty to percetve water surface -

, waves as srgnals enablmg them to detect potenua] predators prey. and conspecrf ics. Most

’ "studres conoernmg wave perceptton have been done on three genera Natonecta —an aquatxc

. - _.-hemrpteran (Markl and Wrese 1969 Wrese 1972 Wtese and Schmrdt 1974) and two

L lsemi aquaue Hemlptera Velia (Meyer 1971a 1971b Rensmg 1962) and Gems (Lawry 1973

E chhe 1936; Murphey 1971a. 1971b; Rensrng 1961 Walker 1983; ercox 1972 1979, 1980; ...

S ercox & Kashmcky 1930) Studtes mvolved behavnoural expenments ablatron expenments
histology, and electrophysrology o o
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Accordmg to Rensmg (1961) Gerns lacustrus responds to npples in amphtude of less than 4

um and greater over f Tequency ranges of 20 - 500 Hz (peaking at'150 ~ 200 Hz) Wilcox (1979)
found Gerrls renugls responsrve to npples of 1 pm and greater over l‘ requency ranges of 20~ 50
Hz (respondmg to prey) and 85 - 90 Hz (high f' requency sex recognmon stgnals he found that

only males sxgnal and only males respond to HF srgnals) Females of Rhagadozarsus kraepellnl

also respond to signals (ercox 1972, 1980) as’ may other gerrld specres

At present thé locatton structure and function of the sense organ mvolved in surl‘ace.wave
locauon is unknown Lawry (1973) noted long. trtchobothna lomted on the femur trochanter ,
[Slc] and tarsus of Gerris remigis. He%ypothesrsed that these hairs, especrally those located on

'the trochanter and tarsus sense waves on the water surface Lawry also demonstrated that

‘ ablatron of tnchobothna or lacquenng. mchobothna led toa reduced response to prey Thls
hypothesrs 1s a blt ambrguous because €)) the tllustrauon in the paper lS mtslabelled the tthta N
betng labelled the trochanter, and the trochanter not bemg labelled at all; the text appears to |
f ollow the same pattem. and tnchobothna are mdwd found on the trochanter (u) he did not

| explam his ablatton and lacquer expenments in suffi 1c1ent detail, menttontng that results of

behavroural expenments myolvmg untethered lacquered ammals are reported elsewhere 1 have

been unable to f md thrs paper

Murphey (197la 1971b) pubhshed a thorough study of onentatton to prey, involvmg motor

\ - control and sensory aspects Thrs mcluded a set of ablauon expenments the results of whtch

- 1‘ suggest that a sense organ in the ttbral tarsal 101nt (e 8., 2 stretch receptor) is
~ omni- drrecttonal and that the system possrbly f uncuons by determ:mng the receptor leg nearest :
the source of npples Murphey drd not however conf irm the locatron and structure of the

presumtwe sense organ through hrstologtcal techmques or electrophysrology .

Murphey s conclusrons seem reasona’éTe smce detectton of surf aee vnbrauons by a Type Il

L ."_ mechanosensmve orgau 1s ltnown to occur tn Notonecla glauca (Wrese 1972) and — m part _

the Sand Scorpron Paruroctonus mesaensls (Brownwell 1985) However tnchobothna cannot
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: be ‘e;rcluded sinCe somie invertebrates use -these as detectors of air vibrations (Schuh 1975). A

L combmatton of these two sense organs ‘and or another as$ yet unknown sense organ could be

‘ responsrble f or surface wave detection

. . i

: 'ln thrs study I examme the extemal cutrcular structures found on legs of Gerris remigis.

‘ Possnble f uncuons of sense organs and other structures are dxscussed (espechlly those that may
detect water surface waves) le ferences between males females and nymphs are noted as well
las differences between my results and those of prevrous workers. '

¥

.2‘.2‘ Materials and Methods

Spectmens of Gerrls remlgis Say were collected, in late August and early September 1984, f rom

. the George Lake Field Station (Department of Entomology The Umversrty of Alberta) located
16 krlometres west of Busby. Alberta.( Voucher specrmens are deposrted in the University of |

. Alberta Strickland Museum ) Specimens were overwlntered in plastrc containers filled with

Sphagnum sp.at 4 C, and were brought out as needed

!

Preparauon for scannmg electron mtcroscopy involved removmg legs f rom dead specrmens with

—

scrssors and soaking them ovemrght in detergent and hot water They were then put into fresh

detergent solution somcated for 45 seconds and nnsed in hot water several trmes for at least - ﬁ\

COf if teen mmutes each A dehydrauon senes followed consrstrng of : 30% ethanol (30 rmnutes)

| 50% ethanol (one hour) 70% ethanol (two hours) and 95% ethanol (overmght) Legs were
arr dned and mounted on stubs usmg srlver conductmg pamt and gold coated usrng a Nanotek

“ 3 ‘Samprep 2 Sputter Coater Observatmns were made usxng a Cambndge Stereosean 250 scannmg

electron mrcroscope A

,’ __Preparation of specrmens for hght mrcroscopy mvolved takmg specrmens precerved in alcohol

: 'ané maeeraung them m a KOH solutron for several hours and then mountmg legs in glycenn
o .‘Harr densmes were esumated by takmg several counts from vanous electron nucrographs of

xsﬁ'



Gerris re'mlgls legs: _Mann<Whitney, U test was used in statistics.

are reduced the ventral arohum berng broad based -

’/

‘The study is based on”seven males, seve'n females, and seven hymphs (of different instars).

2.3 Results -

<

As in other gerrids, the three leg-pairs of Gerris remigis differ markedly in strucure and o

function (see figure 2.1). The prothoraci‘c.legs‘ are shortest and used or»sunport, graspig\

- prey. and in males, for grasping the female during copualtion. The prothoracic coxa is ven ally‘
: ‘positioned close"to the midline. The trtxha‘nter is more ‘distinct and seuarate‘ than in other

+ leg-pairs. The femur is thrckened narrowmg slxghtly at the drstal end The ttbta is slightly -

\

‘ shorter than the femur and the tarsus is composed of two arttcles the dtstal one bemg shghtly

o longer The tarsal claws are promment and hook shaped ansmg f rom a terrmnal clef t Arolta :

“\

The mesothoracrc legs are longest of the three leg-pairs (see fi 1gure 2.1). They serve as the.%ham

propulsive organ for locomouon the mcreased length — due to prolongauon of segments —‘
nhances the unpetus of the stroke (Andersen 1982) The coxa is located posteriorly (close to

the metathoractc coxa) and projeets caudad from its aeetabulum (Whlch is sttuatedlaterally on

thorax) (see f igure 2. 2) ‘The coxa is only shghtly elongated on 1ts latero- ventral edge not as

'elongate as Andersen (1982) suggests fi or most members of the f amrly The trochanter is larger

y

than those of the other leg patrs tlus is due m part to the attachment of extnnsxc leg muscles

M46 and M47 (Andersen) or M52 (Guthrre) to tendons on the trochanter (see ftgure 2. 3)

B (Andersen 1976 Guthne 1961) The mesothoracrc l‘ emur 1s longer and shghtly thtcker than that >
i ‘of the rnetathoracrc fer emur The drstal end oPthe mesothoractc f emur has two small lobes that -
. f %vcurve caudad (see frgure 2 1) The nbxa 1s elongate but shorter than the f emur lt tapers
' dtstally. the drstal end however is shghtly enlarged The tarsus is two segmented the fi 1rst

7 ;‘tarsomere bemg much longer than the second The pretarsus is redueed claws are curVed but

o
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smaller than prothoracic claws.

. ) . .
" "

The metathoracrc legs —as wrth the mesothoracrc legs = are’elongate and $lender (see fi 1gure
2. l) Theytoo are used in. propulsron but also give support especrally durmg the retracuon
" phase of a stroke by the mesothoracnc leg. The coxa projects caudad from the acetabulum
‘whlch 1s sltuated more dorsally on the pleuron than the mesothoraclc aoetabulum (and coxa)
| (see fi rgure 2 2) The mctathoractc coxa and’ trochanter are smaller»than those of the
mesothoracrc leg; the trochanter as well is not as curved. The femur and ubla are. not as long
" as the mesothoracrc femur and tibia. The tlbta is longer than the femur The shape of the ‘- .
femur and Ubla rs similar t0 that of the mesothoracrc leg The tarsus xs two- segmented the first
tarsomere, agatn berng longer The metathoractc tarsus is, shorter than the mesothor,aéc/t;rsus

"The metathoracrc pretarsus is reduoed, and claws are curved. S

‘ ‘The cutrcular surface is fmely f olded or tuberculated but there are areas where it is smooth "~~\ - .
(see f igures 24 & 2.5). Moreover there isa rather elaborate mrcrosculpture around various

" leg jomts that dtffers greatly from the rest of the leg cutxcle (see flgurw 26&2. 7) o | { '

j/@ed on the cuucular surf aee on all segments of the three leg parrs are, what appear to be,
small pores They are dlstnbuted unevenly wrth no apparent pattern other than bemg

. conoentrated in groups (see fxgures 2. 8 & 2.9). ln addmon on the pro:umal part of the leg

» ~‘ .(coxa trochanter -and femur) many of the pores are in depressrons (whrch will be referred to g(

?

L Se—

| _ as pll pores) (see f 1gure 2.10). From the dxstal poruon of the femur to the proxrmal pomon of

B the tibra therexsagradanon from pntpores to Just pores o ﬁ

B 'I'here are two major harr layers m Gems remlgis (i) a mtcro harr layer coxnposed of
' unsocketed cutxcular outgtowths and (iz) a macro halr layer of socketed flexrble haxrs '
o (Andersen 197’1) Whrle the body is densely covered wrth both types of harr layers the legs
" have a very redueed mrcro halr layer, m fact it is exeeptronal to fmd mxao harrs on the legs
" 'I"-(seeftgures24&25) L . - | 3-{ ', G
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The macro -hair layer density on the leg is Approxrmately 250 harrs per sQuare mxlltmetre Harr

o

length ranges f rom 25 m to 40 pm; the base wrdth is approxtmately 2 um (wrth the exccptlon

- *

of setae whose bases a\(erage 12 ,tm) (seefi tgures 248&2 5) The harrs are tapered to a point |

and are strrated (see f 1gure 2.8); they are inserted at a S0 to 60" angle relauve to the cuttcle A

shght modrf lcauon of hatrs on the tarsr and the ventral snde of the mesothoracrc and

metathoracnc ubtae is f Ound where they are mclmed at 35 to 50" and; thetr aptces are curved 0

form an’ ’L‘ shape (sec f tgures 2. 12 & 2. 13) Another feature of the macrokhatr layer occurs

.\

on the veTtral side of the prothoracte tarsus whiere harrs are much shorter and less dense (see

flgure 2.16).

'
\

1

‘ Specrahsed macro- hatrs setae — are found on the f emur, tlbta and tarsus of’ metathoractc

and mesothoracrc legs They are about the same length ‘as other macro hatrs smated and
. A » '

socketed they dif f er mamly in thetr width (see fi tgures 2 14 & 2. 15)

A grooming comb is located on the distal end of the‘prothoracie t'ibla (see f i'ghre.sv'Z 16 & 2 17). '

It consrsts of about 30 hatrs 40 um %length densely packed into a Tow, At the base of each

\\ L4

" . hair there appears to be a small pore (see f tgure 2.18). The comb is almost certamly used for,

"

'groormng of hair layers, proboscts etc,, but the pores htnt of a sensory f unction,

“There are various mechanosensitive organs-on legs of Gerris remigls, some of which are found

on all three leg- parrs The most wxdely dtstnbuted one isa small 2 4 pm, campamf orm

< sensrllum sometrmes round and sometu'nes oval w1th a tarl' whtch ts f ound onﬂall‘three

b prothoracrc leg (see f tgures 2 22 & 2 23) On the metathoracxc leg in the Same area one

o leg patrs and pre‘sumed to be on all segments (see fi tgures 2 19 & 2 20) (Thts sensrllum has not

‘ " 1been found on the coxa. )

- A compamform sensrllum sxmtlar t}tbe\one descnbed above drffers m bemg tear drop shaped .

8 pm in length, and set mto a cuttcular swellrng (see f igure 2. 21). ’This sensrllum is f ound in a

X

- —

'. 21

o

- \'lrnear arrangetnent of three on the ventral srde of the ubta near the femoral txbral 1omt of the RETT
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companiform sensillum was noticed on one specimen,

M 0
!

“The third type of campamr orm sensillum is quite distinctive in shape and very specific in

B
W

location. It is spmdle shaped 30 um in length and 3 um wide (see figure 2. 24) It is located on
the anterior and posterior sides of the baso-trochanter on all lhree leg pairs in groups of four,

three, three, and three respectively (see figure 2.25).

. A sensory hair plate of six trichoid hairs 50 um long is located ventrally on the baso-trochanter
of the mcsothbracic leg (see figures 2.26 & 2.27). A similar hair plaie' may exist on the

metathoracic leg, but this has not been confirmed,
AR . )

On the trochanter and femur of all three leg-pairs are trichobotliria. There are three on the

trochanter and seven, per‘haps‘mo.re, evenly spa’éed down the léngth of the femur on the ventral

and lateral sides: (see figure 2.28) . They are % um wide at the base and 120 - 150 pm in length,

The base of each trichobothrium is inserted in a bothrium with no trichoma, and at a right

i

N L
N

angle to the cuncle (see fi 1gure 2.29). At the dlstal cnd of the tarsus are three tarsal hanrs
similar in structure to the trichobothria described above (see fi ngure 2.27). uwry (1973) refers

to these as trichobothria, which they may be, )

o o 3
‘;r) Mesothoracic and mietathoracic trochanters and femora of the male are covered with basiconic
Y A

type sensxlla (see fi 1gure 2 31 & 2.32). They are dnsmbuted on the ventral side of the trochamer
¢
and f emur The base wndth is approxlmately 20 ym and the length is approxupately 25- 35 pin;

it is inserted on.a dome-like base (see figure 2.33). The surface of the sensillum is slightly

, " i Al
- grooved ﬁd appears 1o contain small pores (see figure 2.34).
There is a significant difference in the number of basiconic sensilla on the mesothoracic

trochanter and femur as _compared to the metathoracic trochanter and fgmur (Ug0; n, =5
;=10; p<0- 002). The mesothoratic trochanter has x=33 - 80 + 2 80 sensilla and the femur

has x= 80 80 + 5 80 sensxlla for a total of x= 114 60 't 3 70 sensilla. The meLathoracnc

'v_trochame:ﬂms x=9-40 £ 3 20 sensilla and the femur has x=22-60 £ 4¢ 80 for a total of x=

e
6



32 sensilla £ 501,

2.4 Discussion

[

For a review of leg structure and function of the Gerridae, the reader is r'ef erred to Andersen
(1976, 1982); Bowdan (1976, 1978a, 1978b); Brinkhurst (1960); Darnhofer-Demar (1968);
Matsuda (1960); Igcnsiqg (1962).

The presence of small-groups of pores on the cuticular surface of the legs of er}ls remigis has
not been meﬁtioned in the literature. 1 hypothesise thal{hcy secrete some type of waxy
hydrocarbon which is sprcaq onto the cuticle and hairs 1o enhance the hydrofuge property of
the legs. It is not known why the more proximal groups of pores are contained 'in depressions;
perfxaps an increased surface area would help in dispersing the substancé over a larger area (the
proximal ﬁaﬁ of the leg being larger). An observation that helps supp(;rl this hypothesis is that
of spbeuticular 'glandular-like' tissue with ducts running to the surface (see figures 2.35 &
2.36). Thig stsucture was noticed when doing rofnine SEM work and casually looking at a cut
edge of a leg. h

In order to test this hypothesis it must be ascertained whether these surface pits are actually

pores, whether the subcuticular material is glandular, and whether the putative pores and

glandu!ar tissue are in any way connected. Sectioning of the leg and histolog.cal staining of

sections for glandular material will help elucidate these slruclur_esv and their functions.

The macro-hair layer is strongly hydrofuge so there is a high deformation angle of the surface

film. Surface tension forces repel hairs (and legs) away from the water surface (Andersen

11976). The claws, however, are able to pierce through the water surface allowing traction in

movement (Andersen 1976). These are two major properties that egable Gerris remigis 10 live

on the water surface.
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The hair layer is designed to optimize hydrofuge properties and to protect the insect from'
t . ) .

-

‘ A :
water. L-shaped hairs on the ventral side of the mesothoracic and-metathoracic tibiae form a
barrier by overlapping each other distally; the inclination of the proximal part of the hairs acts

as a suspension; this system allows greater pressure to be applied without wetting of the insect

- \,

(Andersen 1976; Thorpe Kng Crisp 1947).

A

‘ Méreover, thé density of the hair layer is important in protecting the fnsed from wetting. Hair
density is varied on each of the three leg- pairs, with an average density in Gerris remigis of 250
hairs per square millimetre. This estimate of hair dénsity differs by an order of magnitude from
that of Andersen (1976) who estimated densxty of the most common [macro] hair type (20 40
'um long) on fegs of Gerris ranges from 4,000 -~ 16,000 per square millimetre. Compansons of
electron photomlcrographs in Andersen's work and electron photomlcrographs from tms study
show little difference in hair densxty — i.e., approximately 250 hairs pcr square mllhmetre I,

therefore, believe Andersen's estim-ations are inaccurate.

"

The hydrof uge property of the macro-hair layer whllc effective, is not permanent; wetting can

. .
P

occur easily when hairs are covered with debris. Grooming is essential for maintenance of the
hydrofuge property by keeping hairs in proper alignrﬁent; and removing water, oils, and debris
from hairs. The grobming comb plays a major role in grooming of prothoracic and

. ) . A
mesothoracic legs, the proboscis, and parts :)f the head and body (Andersen 1976).

L

Close ex'amination of the bise.of each hair that compﬁses tile comb reveals a small knob or
porc (see figure 2. 18) This suggests posslbly two additional functions of the structure : (i) the
pore secretes a substance (possx{fy in aiding of hydrof uge mamtenance) or (11) Lhe pore is an
ecdysial scar (commonly sf)( campamf orm sensﬂla) and the grQommg structure functions
as a mechanoreceptor dctecnng stress of cuticle.or movement. Agam hxstologlcal work needs to

be done to determine whether or not the greemmg comb has a secondary function.

The number and disgribution of small campaniform sensilla (figure 2.17) found ‘on the legs vis

it v e e

)
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not surprising. Most insects have campaniform sensilla on their legs to detect movement of
; , :

joints and \stresses and strains incuticle. Andersen (1982) even describes a campanif orfn '

\
a grouping on the trochanter, which will be discussed below.

sensillum on the proximal end of the tarsus as part of the Gerromorpha ground plan, as well as

\ ' : :' -
- | (\ ud

The three elongate campaniform sensilla found on the ventral side of the prothoracic tiba (see
\ , . .

f igure 2.22) md‘)\' be used in prey-capture or feeding (e.g., sensing prey position). While it is

noted that one cz\impamf orm sensillum was f ounq on the venlral side of the metathoracic tibia

i

in one mparanm\ they otherwise have not been found on mesothoracxc and metalhoracnc

tibiae (legs not dir&\ctly used in feeding).
Andersen (1982) states that, in‘Gerrom‘orpha, part of the ground plan consists of
spindle-shaped campa\'nif orm senisilla in groups on the trochanter (see figure 2.24). The most
\ . .
plesiomorphic number is most likely eléven; five dorsally located and six ventrally located
I \ ' -
- ‘ ‘ .
(Andersen 1982). Howev\er, in Gerridae there are thirteen (seven dorsally located and six

|

ventrally located) _(Ander;en 1982).
s 5

\
- 1n Gerris rémigis there are Lhirteen campaniform sensilla; the two medial groups are more

difficult to see using scannmg\electron microscopy. (Macerated specxmens and light microscopy
were used to identify these seven campaniform sensilla. ) These thirteen campamf orm sens:lla

possibly supply information concerning leg position with respect to the body.

- The type of hair plate found ont eymesothoraclc trochanter has been bneﬂy described in other -
gemds (Andersen 1982). The hair plate.is dlff icult to locate. It was found only on the
mesothoracxc trochanter; a more tho ough search must be carried .out to determme if itis
present on the prothoramc and metath 'rac1c legs There are several possible functions of the -
SEnsory hau plate, the main one, bemg etecnon of leg posmon (asis ‘the trochanteral hair

plate of the tockroach (Wong and Pears n 1976)). , ‘

~ Trichobothria are found in many Hemipte ; they are peﬁeved to play a 10le in deleétin“é
> * . : &



auditory, tactile, and vibratory cues (Schuh 1975) ln Gerrlis remlgls there is no mchoma - Je

" ‘A

surrounding the dome-like bothnum Lack of this tnchoma and a right angle onentauon to the
cuticle suggest that the sensillum is omni-dire¢tionally sensitive. (Tnchobothna are the sensory

\

hairs to which Lawry (1973) refers as receptoxs of water vibration.)

All of the above menuoned Type 1 mechanosensmve sense organs could f uncuon as water
vnbrauon receplors Eleclrophysnologlcal studles in conjuncuon with more behavioural studxes
‘ need to be done in order to identify the actual reoeptor Detectxon of water surf ace signals
) probably mvolves both Type l@d Type 1l mechanosensmve organs — e.g., those proposed by
- Lawry (1973) and Murphey (1971a) respecuvely These sense organs n;xay be located near the

ublal tarsal joint (Murphey 1971a)

&

The basiconic sensilla f ound on male mesothoracic and metathoracic trochanters and fémora
have not been described previously. At the light microscopic level ;hey are virtually

'indistinguisha'b‘le from sefae. And, most major studies of gerrid legs have used species other

than Gerris remlgis; A survey of twenty-five species in seven genelja showed'only‘three other

species that have basiconic sensilla on the legs (see chapter 3).

¥

“TTese sensilla are labelled 'basiconic sensilla’ — inf er'ring a ehemosensory function — because

o they have the class:c shape of a chemosensitive bas1comc sensxllum and there are what appear

“to be small pores-on the surface (The pores are, however, very small and rather obscure (see

figure 2.34).) -
Since the sensilla are f ound only in males and only in adults, the most parsimonio thesis -

regardmg their f uncuon would mvolve some aspect of mating behavxour (€. g contal

: pheromone) At this point in the study, n 1s hypothesxsed that these are chemosensmve and

‘d‘etec_t some,chemleal cue emmitted by the female.
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Figures 2.1t02.3. IllustrationsJ\. acétabulum; C, coxa; F, femur; M, muscle; T, trochanter;
TA, tarsus; Tl tibxa \" | |
Figure 2.1, Three Leg- pairs. Pro{horacnc (PRO) Mesothoracnc (MESO) and
| Metathoracrc (META) legs ) o '
Figure 2 2 Acetabula and Coxa. Ventral aspect showing orientation. |

Figure 2 3 Extrinsic ieg muscies With rcspect to'the coxa and trochanter. (iabelled :

. according to Andersen)
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: ‘Fi‘gures 2.41029. Sezinning Electron Micrographs of Gerris remigis |
‘ Figure 2.4. Macro hair layer on mesothoracic femur Scale bar = 40um
Figure 2.5. Macro- hatr and micro-hair layers Scale bar = lOum |
: Frgurc 26.7 Omt sculpture of femoral ubtal 1omt of mesothoracrc leg Scale
| bar = lOOum ,
Fi igure 2 .1. Close up of Jomt sculpture Scale bar = &urrr‘
Figure 2 8 Mrcrograph showrng rough cuticle and prt pores Scale bar = loum

" . .Frgure 2 9 Close up of pores ‘Scale bar = 4um






Flgures 2.10 to 2. 15 Smnnmg Electron MncrOgraphs of Gerris remlgls
Flgure 2.10. Close up of pn pore. Scale bar = 4,Lm%

Fignre 2, 11 Mrcrograph showmg smanons on a macro- -haif. Scale bar ='4um.
Flgure 2. 12 Mesothoracrc tarsus. Note L-shaped hairs. Scale bar = 80um |
Figure 2.13. Close up of L- shaped hairs showmg mclmauon Scale bar = 20um

Flgure 2. 14 Macro harr layer mcludmg setae on mctathoracnc-femur Scale

2

bar = 80m

Figiire 2.15. Close up of setae. Note base and striations. Scale bar = 4um.



ST B U ATR G L o e




" Flgures 2. l6 to 2 21 Scanmng Elecuon Mlcrographs of Gerris remigis
. ‘Figure 2.16. Prothoracrc ubxa and tarsus. Note groommg comb and sparse shortened
macro- hair layer Scale bar = lOOum ARG o o |
. Figure 2.17. Close up of grooming comb Scale bar = ZOum
. Figure' 2 18. Knobs or pores at base of groommg comb Scale bar = 2um
‘ Figure 2._19.\ Locauon' of small campamf orm.sen_sxllum.‘Soalc bar = 20um.

. Figure 2.20. Small campaniform‘ sensillum with "tail”. T, tail Scale bar & 2um.
Figure 2.21. Elongated campaniform sensillum sét in cuticular swelling; On ventral sidc

of prothoracic tarsus. lScale.bar = 2yrn".






anures 2.22t0 2.27. Scanmng 'Electron chrographs of Gerris remigls
F lgure 2.22. Arrangemem of three elongated campamf orm senslllla Scale bar = 20y.m
‘Flgure 2.m<:auon of three elongated campamf orm sensnlla On protho;acxc tal‘SuS '
| ‘Scale bar = 200um | | ‘ |
‘ Flgure 2.24. Spmdle shaped campamf orm sensxlla On mesothoracxc trochamer Scale
bar—-4um \ | o T o
‘ Flgure 2 25. Location of the spindle-shaped campamform sensnlla Scale bar = 200,Lm."
,Figure 2.26. Sensory hair plate‘. Located on baso-trdchanger of-mesothoracxc leg. Scale ;
| bar = 0. | B
: Figﬁ;e'2;27. Loezltiorl of senso'ry hair blate.iScale bar = 400um.”

- LT o ' ' ! ' ‘ “\y o
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Figures 2.28 to 2.33, Scanning Electron Micrographs of Gerrls remigis
Figure 2.28. Trichobothria on femur and trochanter. Scale bar = 200um.
Figure 2.29. Trichobothrium base. Note dome-like bothrium. Scale bar = Sum{i
Figure 2.30. Metathoracic pretarsus showing three tarsal hairs. Scale bar = 50um.
Figure 2.31. Basiconic sénsilla on metathoracic femur and trochapter. Scale
bar =.‘100p.ﬂ;.
Figure 2.32. Lateral view of .basiconic sensillum. Scale bar = 10um.

' Figure 2.33. Dorsal aspect of basiconic sensillum. Note base on which sensitlum is

positioned. Scale bar = 8um.

8]






. Figures 2.34 to 2.36. Scanning Electron Micrbgraphs of Gerris remigis

N
Figure 2.34. Surface of basiconic sensillum. Note small pores. Scale bar = 400nm.
Figure 2.35. Subcuticular glandular material. Scale bar = 20um.

Figuré 2.36. Glandular material with ducts running to cuticular surface. Scale

- bar = 4pm.
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o , rengis When dealing Wrth Aquarms. the subgenus to whrch Gerris rengzs belongs, Gerns

3. A Survey of Basiconic Pegs in Gerridae‘

. r

4“3.1_‘lntroductip'n Coe T o T ‘,"

» Gerrrdae have adapted well to lrf e on the water -surface of streams and ponds They have
developed an extensrve hydrof uge macro- hair layer as well as spectahsed body posmomng wrth
s respect to. the water to avord wetttng of the body (Andersen 1976 1977) In addmon to survive
lrn thrs unique habrtat the Gerndae have evolved a sensory system that allows them to detect

prey, to ;rtate and to set up territories and protect 0v1posrt10n sites (Spence and thcox 1986,

‘ Vepsalatnen and Nummelin 1985, ercox 1979 thcox and Spence 1986) For the most part,

the sensory system is sensitive to surf ace waves created by prey andconspecrf ics. *

ln the previous chapterl catalogued‘ cuticular structures in Gerrts' remigis, ’a species that lives
| on strearns in order to garn msrght into structures that possxbly detect surface waves On »
;‘mesothoractc and metathoracrc f emora and trochanters of Gerris remigts males I noted

. undescnbed sensory structures shaped like basrcomc sensrlla The shape suggests a.

. chemosensory functton but the functron remams uniknown. Herel describe the structure of -

‘these sensrlla more f ully, and present data on thetr dlstnbution in the f: amrly Gerrtdae

- Lawry’ s. (1973) s\.annmg electron mrcroscopy study of the legs of Gems remlgls. exammed

'possrble mechanosensrtrve hatrs that detect surf ace waves He does not mentton basrcomc

L sensrlla on “the trochanter or f emur lt is possrble that he based hrs studtes pnmarily on f emales o

.and thus drd not fi rnd the sensrlla it is- also possrble that they were conf used wrth se e that are -~ “ ‘ C

_,;located m the same area Murphey (1971a 1971b) worked on sense organs of Gerr s remtgls as L

: well but used behavroural experrments and electrophysrology Other works that tr, t the

; -vGemdae in general such as Andersen s (1976 1977 1982) have little to say abo 't Gerris

toa

‘
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najas the European srster specres of Gerrls remlgls is usually used Cuttcular structures and

morphology of Gerrls remigls have theref ore, not been exammed closely .

1

| Stnoe basncomc senstlla have not been prevtously descnbed in tlte Gerndae one is led to believe
that these senstlla are present only in Gerrls remigls or that they extst in other specres but are,
perhaps conf used wtth setae. ’I’he purpose of this’ study is to survey various specres (males and
i.l'emales) in"the f amtly Gemdae for any basrcomc sensrlla stmrlar in stmcture to those on Gerris

remlgls males Spectes were chosen from a vartety of hneages both closely related and dlstantly Co

' ‘related to Gerris ‘remrgls.

Voo
"I’his mf ormatron may convey phylogenettc ml‘ ormation which mtght relate certatn aspects of

matmg behavrour prey capture or fwdmg m the dlfferent groups

32 Materials‘an(l Methods = “ . S o

1

'Legs of twenty -five: specxes in seven genera wete exarmned Gems argentatus Schummel
' (Zurxch Swrtz.erland) Gerrls buenol Ktrkaldy (George Lake Alberta) Gerrxs comatus Drake &
: 'Hottes(George Lake, Alberta); Gerrls con form:s (Uhler) (Black Rlver Ontano), Gerris costae
| (Hemch Schaeffer) (Zunch Sw:tzerland) Gerrts glbblfer Schummel (Zurlch Swrtzerland)
1"1'Gerrts lncognltus Drake & Hottes (Moresby Island Brmsh Columbta). Gems lacusms )

o (Lmnaeus) (Zunch Swntzerland) Gerrls Iateralzs Schu;nmel (Zunch (?wraerhnd) Gerris

_kzs (DeGeer) (Zurrch Swrtzerland) Gerris odontogaster (Zetterstedt) (Zunch Swrtzerland),‘
G ‘Gerris pallidum (Fabncus) (Zunch Swrtzerland) Gems pzngreenszs Drake & Hottes (George | ,l

‘, Lake Alberta) Gerrls remigis Say. (George Lake Alberta) Gems thoracxcus Schummel B

B Wlnte (Pulau Troman Malaysxa) Limnoporus canalzculazus (Say) (Chafley ) Locks g
‘Ontano)\ Limnopoms dlssoms Drake & Hams (George Lake Alberta) Limnoporus natabzlzs o

o ‘"";(Drake &. Hom) (Haney. Brmsh Columbta) Lzmnopoms ru foswtellazus (Latrerlle)
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(Helsinki ‘Suomi)' Potamobates sp. '(Napo Province' Ecquador)° Rhagadotarsus kraepelini
Breddrn (Austraha) Rheumatobates rileyi. Bergroth (Lrttle Rock lake Ontano) Trepobates

subntudus Esakr (Lrttle Rock Lake Ontano) One male and one f emale were* examtned in all

"
¢ spectes except Gerrts remlgis lenOporus notabllts and lenoporus dissortis i m which several
/

animals were exammed (unc\her specrmens of Gerns remlgis are deposnted in the UmversrtyhT

Preparatton f or scanmng electron mtcroscopy mvolved removmg legs from dead. spectmens Ltvith

'. Alberta Strrckland-Museum.) » ) N Co

scxssors and soaklng them overnight i in detergent and hot water They were then put inf resh

: soluuon sommted for 45 seconds and rmsed in hot water several times fi or at least fif teen1 B
mtnutes each. A dehydratton series followed consisting of 30% ethanol (30 mmutes) 50%
ethanol (one hour) 70%. ethanol (two hours) and 95% ethanol (overmght) begs were
air- dned and mounted on stubs usmg srlver conductmg paint, and gold coated using a Nanotek -
Samprep 2 Sputter Coater Observauons were made usmg a Cambndge Stereoscan 250 scanmng
~ electron microscope.: | | ‘ |
‘ b
In' detemlinin‘g h‘ow'closely 6\ ‘di‘stantly related a species ‘is to Ce}ris‘renrt'g'is as well as other ‘
phylogeneue mformauon Andersen (1982) was used when dealmg thh the subfamrhes of
Gemdae and Calabrese (1980) was used when dealmg wrth the genera of the subfamnly '
‘ Gernnae However Calabrese ) classrf tcatton was not_ followed completely, although '
: unpubhshed many workers in gernd btology belteve that Gerrls and Neogerrls are srster o
| groups. and that lenoporus 1s a. srster group to them 1 have used l.hls unpubhshed
| . classtf;catton in thts chapter Concernmg the genus {Jmnoporus 1 use the terrn 'lenoporus
e éni‘)b?cutellatus group to group the three spectes lenoporus ru ﬁ)scutellatus lenoporus 3
| dzssoms and Limnoporus notabilu I use the term 'L:mnoporus canalzculatus group o goup

other members of thls genus (Limnaporus canalzculatus was the only spectes of thts group to be =

exammed) B f L «', .
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Basncomc sensxlla are dlstnbuted latero ventrallyx on the mesothoracrc and metathoracrc f emora

1

“and trochanters of Gerrls remigis males. There are srgmf rcantly more basiconic sensrlla on the

mesothoracnc leg (approxrmately 115 as compared to 32 on the metathoracrc leg) The sensrllum :

. has.a base w1dth of’ approxrmately 20um and a' length of approxrmately 25—35,m1 and is situated |

-on a dome lrke base (see fi lgures 3 1—3 3). The sensrllum is slxghtly stnated erh apparent small

pores (whlch are sxmnlar in appearanoe to those f ound on chemosensmve harrs) (see f lgure B

\

3. 4) Basncomc sensrlla wese not found on f ifth mstar nymphs of erther sex

\ ;

Sensrlla sumlar in structure are f bund on the meeothoracxc trochanter and femur of males and

f emales of lenoporus dtssorlis Limnopoms notabdis and lenoporus ru fasaaellatus (see

frgures 3. 5—-3 ll) in L:mnoporus nozabilts base width. of the sensillum i 1s approxrmately 20um

" and the length ap}umately 30um in lenoporus dissortis base wrdth is approxrmately 20nm

s ‘sensxlla on therr legs

‘ '.3‘.'4‘Diswss‘ivon

and length approxlmately 40um; in Ltmnoporus ru fasaaellatus base width is approxrmately
l

_l2um and length appronmately lSm The sensrlla are shghtly grooved or stnated and appear
10 contain small pores Therr bases however are not as pronounced as in Gerrts renugls They

~ are dlstrrbuted ventrally (not latero ventrally as is, the case w1th Gems remlgls) along the’

| trnchanter and ‘f emur. extendlng further down the femur than in Gerris remigis.

i

) As menuoned above specrrnens closely and drstantly related to Gems remigis were exammed

(see f 1gures 3. 12 & 3 13) Of all genera exammed only Gems and Ltmnopoms have basrcomc ‘

L

B ‘Ol‘ the f 1fteen specres m‘ the genus Gems exammed eleven belong to the subgenus Gems

3 "Gerrts oon formis, Gems naps, and Gerrgs pallidum in the subgenus Aquarius only Gems | | fl '

L ( Gerrls ) and four to. the subgenus Gerris ( Aquarius) Of the four specres Gerrls rengzs. :

e

’

]
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‘ remigts appears to have the basiconic sensrlla All species in the subgenus Gerrls ( Gerrls ) lack
3 N P
them ' ‘ -

* Basiconic“sen‘silla'weref ound on L)mnopoms di'ssortt‘s,‘ Umnoporus notabills, and Limnoporus
ru j}gsm#am} TSpecies belonging to the Limnoporus ru fosdétéllatus‘ group. One other species

lenoporus canallculatus belongmg to the lenoporus canalicularus group was the only other

‘o

specres in the genus Limnoporus to be examined and was f ound not to have sensilla.

lenoporus is a stster group to'the Gerrls—Neogerris group (see materrals and methods) While :

they are closely related in compartson to the whole of Gerrtclae the fact that bastcomc sensrlla

"

© .+ ate not found in Gerris ( Gerris ). nor the lenoporus canallculatus group suggests that these
sensrlla were tndependently dertved once in Gerrls ( Aquariu.: ) and onoe m the Llnuwporus
ru foscutellatus group (see fig 3 12) (Thts is supported by the f: mdmg of basiconic sensilla on

male mesothorac:c and metathoracic legs of Gerrts remlgls and on both male and female |
' ﬁ“n " . !

mesothoracrc legs in the L;mnoporus'qg [osaaellatus group.) g ‘

A ‘ ‘ » ‘ v
Even in Ger(u ?\Aquanus) not all specres have the basiconic senstlla Gerris naps the sister
A

‘ spectes of Gerr : remlgls does not have basncomo sensrlla on the legs of etther sex. Stnce they
DN
are srster spectes 1 seems hkely that Gerris rem(gis is'the only member of the subgenus to have

\the basrconrc sensilla, however a hrore extensive survey needs to be undertaken to support ‘this
B ‘ ,
statement ,wrth any certatnty. R

"The sensrlla in both groups are probably homologous structures The shape and dtstrrbutron are
‘roughly equal Because Gems remtgls females do not have the sensnlla it does not mean that “

there are not spectf ic genes — common to both groups that code for the sensrlla and are

\":

s turned on tn males of Gems rengts and both sexes of the Limnoporus ru jbscutellatus group

| ;e ,The suggestron that they are mdependently denved rarses the qupstton of whether they are

I 'analogous m structure aud functron (physwlogreally as well as behavtourally) The appearance

: of basrcomc sensrlla in only one sex (as 1s the case: wrth Gerrls remrgts males) and the lack of

" L [ ! RN L e L Ty
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these sensilla in fif th mstar males and females, suggest a function in maung behaviour. The

At
appearance of basiconic sensrlla in both sexes of the Limnoporus ru foscurellatus group does not

y \

in matmg behavrour

exclude the possibility of a functi

-

'Both groups have“very similar mating haviours-in that they bothsignal_ orientation of male
1o { emale is similar, as well as certain mating patterns (Vepsalamen & Nummélin 1985; Wilcox
& Spence 1986 Spence & Wilcox 1986). In lenoporus notabllls lenoporus dlssonls and
Limnoporus rufoscutellatus, mating behaviour is srmilar enough that the three species are able
to intey -breed (Spence & Wilcox 1;86; Wilcox':& Spence 1986; Spence. personcl |

communication), Males in these species cary

signals; f emales show no behavioural response to. signals (Wilcox & Spence 1986b) . Moreover,

thales are able to disting‘nish sex by presence oOr abSenee of spacing signgjs (Wilcox & Spence

P )

'l986b) Spence and Wnlcox (1986a) have shown in Ltmnoporus nogabllls and Limnoporus

4

dlssoms that pheromones are not necessary f or sex determination.

The mating system in Gerris remigis differs in that males use-a high frequency signal to identify

other males (Wilcox 1979). (Again, only males signal and females show no behavioural

. response to the signals.) Moreover, Gerris remigis does not appear to be territorial nor does it
. . \

signal from a signal site (Wilcox 1979). Wilcox (1979) has shown, by signal playpacks_ that
chemical cues (such as pheromones) appear to be unimportant. '

o ' ) f )

. Behavioural studies, thus f ar, show that a pheromone system is ngt necessary fot sex

recognition. ~however they do not exclude A pheromone system asan ard in matmg behaviour.

- Given the suml ty in- matrng beh%vrour of Gerris remigis and the Limnoporus ru foscutellatus

group. if a contact pheromone system were found in one species, it mrght be f ound in the other

) Specﬁ lf the basicomc sensrlla serve a f unctron other than in mating. behavrour it is diff rcult

to explain the apparent lack of basrcomc sensrlla in females of Gems remigts Grven that
basxcomc sensilla are not fi ound on'fi emales of Gerrls remlgrs and are not found on nymphs it .

is most parsxmomous to hypothesise that i in Gerris remigis they £ unction rn mating behaviour

56 .
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- (regardless of whether they are chemosensitive or mechanosensitive structures gnd regardless of

the function in the Limnoporus ru foscutellatus group).

Still, the structures in the two genera should be considered analogous in function — at least in
part, The different groups may have behavioural mechanisms (using these receptors) that are
specific to their group, but these differences are probably subtle variations of the basic X

ph);siological function of the receptors,

Given the similarities in mating behaviour of Gerris remlgisfand Llninoporus ru foscutellatus,

[\
-~
-

the possibility of a mechanosensitive function for these séns'illa in addition 1o a chemosensitive
a .
function must b¢ considered. The basiconic sensillum sixaﬁe ang the subtle'ev;dcnce of pores are
a stlrong indication that fthe sensilla have a chemosensitive function. Also supponing this
conclusion is the characteristic leg-rubbing movement of .male's on lhc‘ thorax of females during
' maung (see chapter 5). However, 1 suggest that a mechanosensmve f uncuon cannot be ruled
out for the following reasons: In Gerris remigis only the males possess the sensilla and only the
males signal and respond to signals. In lT{mnopoms ru qucxaellatus group both sexes have the
sensilla and, feportedly, oxily males signal and r¢Sp0nd to signals, (There is, hosy@ some
indication that females perceive the signais as well (Sper{oe personal communicatibr; ).)
Moreover, Gerris najas, the proposed sister specxcs to Gerrts remlgls does not have the sensilla,
nor has a signal- mednateq maung system been noted in studies of mating bchavnour in this -

species. Another line of evidence supporting a mechanosensitive function is that behavioural

experiments do not corroborate a pheromone-mediated mating system (see chapter 5).

-

If there is a connection between thése sensilla anld a mechanical signa}ling system, the presence - b
of sensilla and sig‘ﬁailing ;)ehaviour should be correlated throughoui Lhe family Gérridae. :
Rhagadozizrsﬁs krdepellni. a watef-stﬁder known to have an elaborafe signalling system where
both males and females signal (Wilcox 1979), does not, héiv:vér have basiconic sensilla on the

_ legs The lack of sensilla in Rhagadotdrsus kraepelini does not support the

- signalling- -mechanosensitive hypothesxs However, Rhagadotarsus kraepellnl is qune distantly

e .
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related to Gerris and lenoporus belonging to the subf amily Rhagadouirsinae — it Is possible
1hal the sngnallmg is controlled by d1f ferent mechanisms m thc two subfamilies. With current
cvndence it seems unlxkely that basiconic sensilla are connected with a mechamcal sugnallmg

system in the Gerridae.

3.5 Conclusion . '

Basiconic sensilla have independently evolved at least twice in the Gerridae; both times in the
Gerrinae. Once in Gerris remigis (subgenus Aquarius) and once in the Limnoporus

ru foscutellatus grouﬁ. - ‘ v

It is not known whether the structures are homologous and functionally analogous. They
|
‘appear structurally analogous however. More studies involving the Limnoporus ru foscutellatus
N ' ' ‘rox\-

\ . '
g\-oup are required in order to determine more completely the relationship of the sensory

sensilla with regard to phylogenetic trends.

1) is possibile that-in the subgenus Aquarius, there are other species that have basiconic sensilla;
and, that these sensilla are probably on the metathoramc and mesothoracxc legs of males only. I
also expected that Gems najas, the sister species tp Gerrls remlgts, would have the basiconic

sensilla. However, they are lacking in this species.

-
[

Given the evidence presented above, I suggest, that in both the Limnoporus rufoscutellatus

group and in Gerris renﬁgis. these basiconic sensilla are homologous and have a functionally

analogous rple in rﬂauﬁ'gfﬁaviour most likely related to a pheromone system. Moreover, 1
t;elieve that the presence of b‘asiconiesensilla is not necessarily_connected to the pfesence of
signalling in mating behaviour .1 base. ﬁfis“hypothesis' principally on the facts that only Gerris
remigis males have the basiconic sensill@ (nct the f emales, and hot fif’ th instar n}mphs); and,

that the sensilla structurally resemble very closely a "classic” chemosensitive sensillum.



Figures 3.1 to 3.4. Scanning Electron Micrographs of Gerris remigis:
Figure 3.1. Distribution of basiconic sensilla on mesothoracic \rochanter of a.male.

Scale bar = 40um. .‘
Figuie 3.2. Lateral aspeci of sensillum. Scale bar = 10xm.

0,
Figure 3.3. Dorsal aspect of sensillum showing base. Scale bar = 8um.

v

Figure 3.4. Pores orr the surfaee of a sensillum. Scale bar = 400nm. /
4

Figures 3.5 to 3.6. Scanning Electron Micrographs of Limnoporus notabilis.
Figure 3.5. Distribution of basiconic sensilla on mesothoracic femur of a female. Scale
bar = 100um.

Figure 3.6. Bateral aspect of sensillum. Scale bar = 10.m.






Flgures 3.7t03 }1 Scannmg Electron 4M1crographs of the lenoporus ru foscutellatus group.

Flgure 3. 7 Dtstrlbuuon of basncomc sensilla on mesolhoracxc femur of lenopoms
dissortis female. Scale bar =-100pm. . \

Figure 3.8. Laperal aspect of sehsillum on mesothoracic femur of Limnoporus dissortis

| female. Scale bar = 10pm.

Figure 3.9. Dlsmbuuon of basxcomc sensilla on mesolhoramc f emur of lenoporus
rufosc‘utellatus male. Scale bar = 40um.

Figure 3.10. Lateral aspect of sensillum on mesothoracxc femur of lenopc;qw
rufoscwella:us male. Scale bar = 4um , !

Flgure 3.11. Pores on surf ace of sensnllum of lenoporus dtssortis male. Scale

bar400nm
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I"iéures 3.12t0 3.13. Cigdograms of rélationships within the Gerridae‘.‘ (o .den§les groups
examined; ¢ denotes groui)s where basiconic sensilla were found on >sqme |
| | membgrs; ? denotes groups not examino:d.) | | | |
"Figlllre 3.12. Claciogrgxrﬂ of relationships between subfamilies of ‘l(}errida‘eyagco‘rding to.
. Andersen (1982). | R

Figure 3. 13 Cladogram of relanonshlps between genera in. the subf amxly Gemnae

accordmg to Calabrese (1980)
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. 4. Histological Aspects of the Trochanter and Femur of Gerris remigis

A“
.

4.1 Introduction
In Chapter 2 a basiconic sensillurn is des'cribedl lt is f ound on mesothorac'ic and metathoracic

trochante?s and femora of Gerris remigis males approxrmately 115.0n mesothoractc legs and 32
/ \ ‘l i

on r@tathoracnc legs A survey of other specnes revealed structurally srmtlar basrcomc senslllum ‘

. | .

: sensrlla 11-’ the lenoporus ru foscutellatus group (’see chapter 3). however these senstlla are

found in both sexes, and only on mesothoracic legs. 7‘
. ( |
Scanmng electron mrcrosc0py of the surf aee of the- sensrllum (of each specres) reveals many

, ' pores A basrcomc sensxllum shape and many pores on the surfz ace suggest this sensrllum is
‘ a
chemosensitive in function (Chapman 1982'~Zacharuk 1985). Moreover, there is some evxdence

that a contact pherompne medrated matmg system may exist in some specres of Gerndae

(species that have basxcomc type sensrlla on therr legs)(see chapter 5).

1

' The purpose of this study was two- fold (emphasns betng plawd on the latter) (i) To examme
general ussue structure of the leg of Gerris remlgts especnally emphasrzmg structures N
‘charactenstrc of Ge’!le or Gerromorpha (e. g cuttcle gland cells and specrf ic sensrlla) to

\extend fi mdmgs f rom SEM work (u) To locate and describe neurones and assocrated cells ol’

L

the basxcomc sensrllum sensrllum If thrs tvpe of sensrllum 1s multi- mnervated 1t is even more o

hkely that the sensrllum is chemosensmv\ R ';

: "4;2‘ Mate'rials and Methods\ R

‘ .

o "‘Males of Gems rengzs Say were collected frorn Geerge—l:ake Freld Statlon (Department of

"";.Entomology The Umversrty of Alberta) located 16 krlometres west of Busby, Alberta Lrttle

- AR Ll . ol =
. e o . : 8




) Hornbeck Creelt Jocated 20 kilometres west of Edson, Alberta- and‘Whitem'ud Creek in
Edmonton Alberta (Voucher specrmens are deposrted in the Umversrty of Alberta Strrckland o
Museum ) Some were overwmtered m an mcubator and legs f: rxed when nwded Others were
brought directly f rom the freld and legs fi lxed upon retummg to the laboratory Yet others were
mamtamed in the Jaboratory and f ed on vesttgral wmged Drosophlla legs bemg f] 1xed when

: nwded Both mes@and metathoracrc legs were. exammed Approxrmately 40 legs of .

l Gerrls remlgis were embedded in Epon and used in analysis.

. Hlstology Vanous methods of fi 1xatton embeddmg sectxonmg and staining were employed
| ‘Most however were meffectlve mamly because the cutmle 1s thlck and the protems heavrly
scleroglsed Embeddmg was done in paraff m ester wax, parafflnwellordm and chxtmase ‘

treat cle embedded in paraf fin- cellordm .None of these methods provrded adequate

4

results; as a consequence obtarmng senal sections was dif freult

Stammg of leg nerves wrth cobaltous chlonde was also mrrred out Whrle eff ectrve fills were

accomplrshed the colour of the cutrcle drd not aliow suf fi 1c1ent observauon of leg nerves -
, The method that provrded best results was that of semrthm secuons of Specrmens embedded in
»Epon Legs were removed f TOom hvg insects, and femora and trochanters cut mto sizes that |
- ‘could be accomodated by Epon blocks Specrmens were pre- f rxed in S% gluteraldehyde in
. “ phosphate buffer (pH 7) for one hour at room temperature After buffer rinses of 40 mmutes
they were f 1xed m 2% osmrum tetroxrde and buff er f or two hours at 4 'C. Preparatrons were

e gwen several buffer rmses totalhng 40 mmutes they were dehydrated in ascendmg -

| 'concentratrons of ethanol stamng at 70% (at 4'C) At room ternperature preparatrons were

L lef t m absolute ethanol for two changes nf 20 minutes each They were then plawd in propylene

oxrde for two changes of. 20 mmutes each and transf errred to a 1 1 rmxture of Bpon and

o '..propyle e onde. and left overmght at room temperature The f ollowmg day specrmens were
- ':,'. pla 'm fresh Epon for two hours and then embedded m fresh Epon in moulds Moulds Were

""*plaeed either m a vacuum oven for three hours or in a standard laboratory oven (set at 60’C)
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f or etght to ten hours. Blocks were cured f or at léast two days Secuons were cut ona &etchert
‘ OM U2 ultramrcrotrme using glass kmves Semrthm sections (r e., placed on ltght mrcrosc0pe

‘ slrdes) were cut at vanous thrcknesses rangmg f rom 900nm 7um M,ost sections were cu;gt

the range of 1- 4 um. Both longrtudmal and cross sec‘uons weTe cut.
‘ g

‘ .

. Staintng. Sectrons were stamed with 0 - 5% Tolu'dme Blue O in a 1% Borax aqueous solutton for
about one mmute (ume vaned with section thrckness) on a hot plate at lowest settmg Shdes

. were rmsed dlf f erentrated in 98% ethanol for 15 seconds and permanent mounts were made
using Canada Balsam or Euparalo s o ‘ ' I -

B B N ' .
Mrcroscopy Analysis of sectrons was made usmg a Leitz Wetzlar compound rmcroscope as well

°

.

. as a Wild M20 compound microscope. Phase Contrast Sﬁomamkt Opucs were employed

- with many shdes Photographs were taken wrth a' erd

¢compound mlcrosc0pe and a. Wild

Photoautomat MPS 45, - o . C J'

[
N

. Cell counts. Cell counts were obtained by identil‘ ylng a ‘basi'?bnic sensillum with an apparantly K
. P LA i . B : . \

large number of cells beneath it, 'Cells were counted within a 90.m linear space in the 'epldermal .

' cell -layer. Then — wrthm the same section — cells were counted wrthrn a similar 90m linéar

"

‘ space m the eprdermal cell@yer where there was 1o vrsrble evrdenee of mechanosensmve or
‘\ M .
_ chemosensmve structures save for socketed hairs (whrch are ubxqultous on the legs) Counts of

' A
o 'basrcomc sensrlia and their surroundmg cAs ‘and the corresponding sensillum‘-éf ree’ areh were

P '

carrred out on 10 drf f erent sensrlla Noﬁ parametnc staustrcs were apphed usmg the

y
4
’

Mann Whttney U test to test the srgmf 1cance of the counts.

- ]
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[ L. " ,
=3 P



g ¢ ' o . : /\
] ":,'- /"\"\
4.3 Results and Discussion ‘ : “ ‘
|

A

ot

4:3.1 General Higtology : o

AR /
o hgure 4 1 is of a cross- -section at the trochamcral fcmoral jont, Figure 4.2. is of a

1-\_,\. -correspondmg ]ongntudma] section, The thlckness and degree of sclerotisation of the cuticle i is

obvxous The leg is divided into two compa enls the smallcr one bemg the dorsal w

compartmcm There are three ma]or trachcal trunks (only one of which is comamed within théa

2
¢ longuudmal secuon) There are three major nerve trunks visible adjacem to the tracheal trunks

. ! » \

(again, only one is wsible in the longnudmal-secbn) at higher magmf ncauons mdlvxdyal

-

nerve f 1brcs can bc!scen Cross sections and longuudmal secuons of vanous muscles can be

4

seen in both cross secuons and longntudmal secuons of the leg. Sarcosomes can be séen wnhm
i the muscle fibres. In the interstitial Spages, tracllea can be seen, as well ay fat cells, connpcuve
‘ o “ . . . I ‘ , ; ' -
tissie; and haemolymph. It should also be noted that the epidermal cell-layer is reduced and
) . o 0 s ) * .

not easily distinguishable. . . N
: . . . . : [
j , A , L

4.3.2 Epidermal cé!i-léyer

Fxgure 493 shows the cuucle and epldermnl cell layer ina longnudmal -,section Complete cells

»

are not easxly seen xathcr, parts of cells and auophxed ep:dermal cells are seen. It 1s comm0n -

for cpxdex‘mal ccHs to éhrmk in the adult stage of hermmesabolous and holomctabolous msects

L
\

assocmed w;th tum:ularsense organs Consndenng the large n ber of socketed hairs.on the
¢, iy

legss it is supnsing that more neurOnes are nat viible (mclud ng dendntes in channels i in

B
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is casily indentifiable because of its large sizé (approximntely 6—lO pm) and its characteristic
duct (see figure 4.4). Density of gland cells in areas without basiconic sensilla i:2 - 9 cells per
lbOpm (n=10; s=2-1). Moreover, if outlcle is exaxn'i‘ned’olosely._’pore canals of less than lum
are discernablg; the 'lee of these canals is consistent with the size of ducts within the cell bodies
(see figure 4.5). These canals can ‘also be observed from the cuticular surface using an SEM,
af ler having cleaned the specimen, removing cuticular wax (see figure 4.6); and are discussed in
more detail in chapter 2. Gland cells of this type are cparaclerlstic of Gerromorpha (personal
commumcauon BS Heming). 1t is highly likely that these gland ccllssecrete substances

conducwe to mammmng hydrophobic qualities of cuticle and the hair- layers
+

4.3.3 Mechanosensitive Structures

'Figure 4.7 illustrates.a dendritic channel in a socketed hair the actual dendrite is not

* distinguishable. This demonstrates that this hair-type is innervated.
' { -

®

Two types of campaxiif o‘rm sensilla were idemif ied. Thé first is that of the smaller type‘l' ound

'

ubnqultously on all three leg- pans (see fi 1gure 4.7). The second campaml‘ orm scnslllum ls that.
of the 8| indle-shaped sensillum located on the uochanter of all three leg palrs in the
443+ +3 arrangernent (see chapter 2). Thxs senstllum typeisa character Andersen (1982')

uses in defining the groundplan of Gerromorpha. Figure 4.9 shows well the dome as well as the

-
.

‘receptor cavity. In fact, the receptor cavity is,quite large (about 60um widé in this séction).

Possnbly three dt:ndmes may be ldennf ied thhm this secuon (only one is shown m figure). -
This suggests that the subcuucular space below these sens:lla is one large receptor cavity (l e..

that one receptor cavity houses neurones of enher 3 4 6 (3 +3‘). or 7 (4+ 3) campanlform

\

sensﬂla. and the three dendntes correspond to three campamf orm sensnlla 1 belleve that therels -

I B

' one cavuy for three sensxlla (onfour in the case of the 'four grOup '). This makes sense when

one cons:ders the 4+3 or 3+3 gmUp of sensllla probably function as an intcgrated or unlf ied

‘il:*

T . - A .. - o iy
' N . v W .
k ;o - | : : . . W
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4.3.4 rgasi'conic Sensilla -

N
n

. Figure 4.8 shows a basiconic sensillum with its receptor cavity going through the cuticle. A

closer view of the cavity reveals three dendrites (only two of which are visible). Figure 4.10 is a

 countable in the epid‘erthal ‘cell-layer because df pinocjtosis). )

'bhotogmph of another basiconic sensillum underneath which is an enlarged epidermal

cell-layer. Presence of three dendrites, and an enlarged epidermal cell-layer are strong evidence

for a multi-innervated sense organ. Figure 4.1)is a composite based on many sections and data

. \
from the ceil counts.

The exact number of neurones innervating an individual sensillum is not clear. Sectioning of 40
blocks did not produce a section (or series of sections) showing all dendrites clearly, nor did it
produce a sectlon (or series of sections) with definitive perikarya..

NN

It was possible to reach some conclusions about the number of, neurones innervating a sensillum
by carrying out cell counts underneath sensilla, and comparlng Lt\hem to counts taken from a
- E ) ' ‘\ .
basiconic-sensillum-free area. (It should again be mentioned that,not all cells are easily
< . ' Cg, . .

11
J.- L 0
\ K -

+

.’l‘he average number of cells ( mmlrs\gland oells) under a baS)comc sensrllum is 42 - § cells per
'90um (s= 6 6 n= 10) The average number of cells (rm us gland oells) ina basrcomc

~ sensillum- f ree area is 24 - 8 cells per 90 um (s 6 2 rr-‘lO) Thts gtves a drfference in cell

: numbers of 17-7 cells per. 90um (s 7 8 n= 10), The dtf’f erence 1s srgmflcant (U=3 n,— 10

‘n,—lo p<0-002). | e

e - ey
) ) ) . . E . . oy
. )

There are then an average of 1{ more Eells beneath a basrcoxuc sensillum in a 4—5 um sectron

F suggest these oells are mumatel volv wnth the basxcomc sensrllum A minimum of three

cells could be accessmy (one 1nner shea eell one outer sheath oell and one \; ;

' mtermedrate sheath oell) ora maxim ’of six oells (addmonal sheath cells) (Zachamk 1985) K \

.It ls also possible that one eell may be a mechant)sensmve peurone assocrated wrth the basxcomc :



sensillum '(Za'charuk. 1985). The remaining 11 to 15 neurones could be chemosensitive.

A}

This is a reasonable number of neurones to be associated with a chemosensruve sense organ of
this type (Chapman, 1982). There may in fact be more neurones, for it is lrl;ely that not all
cells were contained within one Sum section

N

While the exact number of cells is not known, evidence is sufficient to conclude that the

basiconic sensilla are malti-innervated. I suggest they serve a chemosensitive function.

-~
—~

4.4 Conclusion

-

Histological techniques used in this chapter show that the cuticle in Gerris remigis (as wellas =~ . |
* other water-striders)’is \/ery thick and heavily sclerotised. This isa characteristic that
contnbutes to this msect s robustness Italso demonstrates the histological and structural
diff rcultres rnv()lved in hrstplogrcal studies of these animals. In thts case, techmques apprdpnate
to obtain the obJectrves were limited; it would have been beneficial to have conrplete serial
sections at a greater t,hi‘ckness (7-10um). This step had to be omitted because'ol embedding

difficulties, and incomplete serial 'semit@se'ctions had to suffice.

Much inf ormatron has been gained from this work Leg cutrqle is qurte thrck and strong Gland

‘-'cells — charactenstrc of the Gerromorpha —can be related to cutxcular pores and glandular ’
materral found in SEM analyses (see chapter 2) In the spmdle shaped campamform sensrlla .
located on the trochanters. the receptor cavmes are perhaps enlarged mto one to accomodate

'-f rom three to seven dendntes (related to the three tof ie;en campaml‘ orm sensrlla)

‘ HoweVer the main purpose of this work Was to find evidenoe to strpport the theory that

| basrconic sensrlla found on Gerrls remrgis male s mesothoracrc and metathoracrc trochanters '

toz

_and’ f emora are multn lnnervated chemosensmve sensrlla as opposed to being specralrsed . " ' .

mechanosensmve organs or even non- mnervated cutrcular structures Tlns work does provrde

‘e
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satrsf actory- evidence that these sensrlla are multr innervated. The’ strongest evidence is the three

dcndrrtes seen in thé receplor cavity i m one section. Multi- mnervatron is f urther suggested by a
signif; rcantly greater number of cells within the e}ndennal oell -layer under a basrcomc sensillum

(18 cells per 90um) compared to a basrcomc sensrllum frec-area.

My conclusion that these sensilla are, indeed, chemosensitive is based on the following: (i) In
general Type 1 mechanosensrtrve organs are innervated by one neurone while chemosensitive
organs are multr mnervated (ii) SEM analysis of the cutrcular surf ace of these basrcomc

sensrlla reveals many apparent pores (presence of a pore or pores is usually a nwessary

cntenon for clarmmg chemosensmve f unctron although there are exeeptrons)(Zacharuk N

1985). (m) There is some eyrdence of a pheromone-medlated matrng system in Gerris remigis

(seechapterslands) Lo _ . -

tis unfortunate that an exact number of neurones assocrated with a' basrcomc sensrllum sould

.

not be ¢ determmed technrcal limits and cell size contrrbuted to this. 40 blocks were sectioned,
'yet no sectrons provrded a complete ptcture of- the structure of this sensillum type. This

sugggests that TEM work be the next step in determrmng the structure of this basrcomc ‘

sensrllum although mdrvrdual sectrons would contam fewer structures they would provrde
N oo , .
“more detail. . ’ . A o SR '

AN

>,

3
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Figuros 4.1 to 4 6 Semlthm sections ard SEM photormcrographs of memll&mc and | .

mesothoracic trochanters and femora of Gerris remlgts males. C, cuuele DC

.

dorsal compartmem E epxdermal cell; ECL, epldermal cell layer. GC& GD ‘

gland cell &duct M muscle. N, nerve; PC pore canal Co
‘Flgure 4 1. Cross-section at jomt Scale bar = 100m
‘ -‘Figure 4.2. Longltudmal section at Jomt Scale bar = 100,un o I
. Figure 4.3. Cuucle and epldermal cell- layer Longxtudmal section Scale bar = 20um.
Flgure 4.4. Gland cell i in. epxdermal cell- layer Scale bar ='10pym. = . ‘ | .' e |
Flgure 4 5 Cuucle showmg pores. Scale bar = 20um o N ’ ‘ - ‘.
\ Figure 4.6. SEM photormcrograph of these: cuucular pores Scale bar ='10um'.-' o N ”






.
-

N Flgnres 4.7 to 4.10. Semithin secuons of metathoracrc and mesothoracnc troehanters and f emora

- ~'

Vof Gems rengts males. C cutrcle CS campamform sensxllum CSD
..campamform sensrlla dome D, dendnte. DC dendrmc channel ECL é;ndermal

- cell layer H, harr. M muscle N, nerve P peg (sensillum) RC receptor cavn.y.
E Flgure 4 . Socketed hair and campa.mform sensrllum Saale bar = 20,m N

AR

; Frgure 4 8. BaS1comc sensrllum and Teceptor cavity. Seale bar = loum L
S _“Figure 4 9 Dome and receptor cavrty of a campamform sensdlum Scale bar = 20nm L :

.‘ Flgure 4. 10 Basroomc sensrllum and enlarged eprdermal cell layer Scale bar = 20um

. . . - L i . )
- : . . “ L.
" Lo . O ' .
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| Frgure 4. 11 Suggested structure of the basrcomc sensﬂlum sense organ Reconstructed from
, SEM photomrcrographs many secttons and from cell count data BM
| basement membrane, C. cuncle D dendnte DS. dendntrc sheath BCL
'eprdermal cell layer GC gland cell JSC mner sheath oell ITSC
mtermedrate sheath eell N nerve CBC outer sheath cell PEG sensrllum

‘...

‘SN, sensory neurones.
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'5.A Sfudy of Mating Beéhaviour in Gerris r‘e’migis““
B ; ' " s \‘. . . Lo

ro P )

' ' J : i . L

5.1 lntroduction, - e - | ’ : \-: - -

e ln chapter 2, l descnbed a basrcomc sens:llum located on male mesothoractc and metathoractc
.a

‘ " femora and trochanters of Gerrls remlgls Because of the shape of the sensrllum sexual

drmorphtsm (f emales lack thesc senstlla) and absenoe in nymphs I hypothesrsed that this type ‘
o A Y
. of sensxllum 1s tnvolved in matmg tze’havrour detecttng a low volatxle contact pheromone '

" p‘roduwdbythesfemale.v . S i \ - K

» !

'The sensillum ts cone- shaped has a-base width of approlunately 20 mrcrometres a length of
approximately 25 35 mtcrometres and 1s s1tuated ona dome hke ﬁase ‘The: sensrllum is shghtly o |
S . stnated a&td contams small pores. From histological work, it appears that the sensrlla a‘r}/ _ =

' mnervatbd thh several neurones Because of the shape porcs and tnnervatton the sensrllum

‘ P
B

L probably has a chernosensmve f unctton Iti is also possrble that the sensrllum is

4

) mechanosensmve in’ funcuon ie.a specrahsed multmeuronal eampa.m{orm sensxllum but

A
.

thrs-tsnot lrkely.v ‘ ' ?! "i;. ‘ i ' o : ‘.'\ _ “
:_In order to f urther elucrdate the f uncuon -of these sensnlla I carned ou senes of behavroural
‘ TR . o ‘.‘ 4 : ot

."#‘

observattons and expenments on matmg behavrour

: »The 'majonty of work' that has béen done on matrng behavrour in Gemdae has mcluded three R

e .
g

B Q\) groups the Limoporus rufoscutellatus group; Gems ( Aqudrius ) the subgenus to- whrch Gem‘p'}_f,




—_— FEEEUIN . . A

ercox (1979) has, analysed srgnallmg in Gerris renugis Males use pmence or absenoe of hrgh
f requency srgnals (85 90 Hz) ) 1denuf y other males only-males srgnal and only males show a ,.

T AN . S
behavxoural response o high f requency sxgnals ‘Gerris remlgls is not le‘mto'nal n0r do males Ca

srgnal f Tom a sxgnal srte Through blmd fold expenmems Wilcox has shown that vrsual cues

\
i : !

are not neoessary for a male to locate and mount a female, He has also shown that chemlcal

' ‘”cues are bf exrstent) not necessary f or matmg ercox S research shows thal sxgnalhng plays a
i"“"major 10le in. maung behavxour in Gerrts renugls However hls research is ohemed towards

. mechamcal srgnallmg systems Lrttle-work has, been done in 2 contexl dif f erent f rom Lhrs - @

‘Iqre purpose of this work was to ‘staudy and describe in deta'il a'mating sequence in ‘Gerrls‘ , -
. Ny ‘. , . . .' v '
[ remigis. This i m tum ¢an be used as a reference to test the hypothesns that a ‘

K

pheromone medrated matmg systemr resentr 1s species; and tof md"l:vrdencc for Lhe * '@‘ 0
si'& pect

h ~.
-, v ;' > "f;:": !
N r uncuon of tht basiconic sensilla on.@_\male mesothoracnc and metathoragc f emora;and ‘
[ "A"' 3 K ¢ \ o - )
\ llp " trochanters. ‘ ‘ v
, Yo - ‘ |
. &
{ . .
; IR . -
, .5‘.‘2 Materials"and'Methods LT I °

.- ' - ¢ . ' AL

. L . oo .
‘l ‘e

l.<“

g 4 st of Busby, Albena thtle Hombeck Creek eated 20Jnlometres West ofEdson Alberta. K

l'_h‘

t a.nd thtemud Creek m Edmonton Albenao(Voucher spequ‘ens are deposued in the

In.) Some were overwrntered and others collected in late =
: : ) "'" K "\ .’.. . '

,tamed m an °m;:ubaltxon room wrth a constant

Umversrty of Alberta Stnckland Muse'

spnng to early summer They were

P
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surface atea of 491 square centimetres. Behind the container was placed a nedtsal-coloured

- \ 0
screen. Each cvent was video-taped from a distance of 2 - S metres. Experiments were carried

~ .

out between 1300 and 1600 hours in a room of a constant 24°C and 46% relative humidity‘. N

A female was introducéd into the chamber and given two minutes to adapt, The.male was then
- .
introduced and the observation period began, Half of the observations were carried out until

the male and female decoupled; the remainder were terminated five minutes after time zcro,
A : - .
These observations were used to describe a complete mating sequence for Gerris remigts in

order to note any behaviours that are suggest a contact pheromone-mediated mating system,

~

This also served as a control or base from which to work when analysing data from

experisgents. . . .

Other Observations: Six virgin females and ten virgin males were kept isolated for 24 hours an
> , .
then were put with another of the same sex in an observation chamber. The set-up and
S ‘

recording was the same as tha®for the mating behaviour observations. Recording was stopped
at two minutes with females arrd five minutes with males. The purpose of these observations

were; (i) to observe similarities and differences‘in male-male and female-female interactions

compared with male-female interactions; and (ii) to gain further data on approaches and *
. _ N

~

contacts. . ) .
Five virgin male Gerris remigis and five virgin female Limnoporus dissortis were kept isolated

for at least 24 hours prior to observation period. Malés were introduckd to females in the same

. manner as described above. Recordiné period was five minutes. The purpose of this obsgrvation

was to observe similarities and differences as compared to that of interactions of Gerris remigis
' N ) ) .

\

females. Also, to note approaches, orientation, ar{d reactions to females by males. \

.

B

Observations of mating in the dark were carried out with ten virgin males and ten virgin females
of Gerris remigis. Video-recording was not possible, so observations were recoydcd with a

stop-watch (a dark -roont lamp was used to allow for observing and timing). The pumBse .of

]
1

' . \ . * - <



. O

this observation was to confirm findings (from literature) that visual cues are not necessary for

_mating. And, to compare with mating behaviour in ljght,

~

Antennaectomized Males; Antennae of nine virgif males were cut off and the animals were left

e .
to rest for 24 hours. They were introduced to a ferkale in the observation chamber. Each

& mating was recorded on video-tape, The purpose was\o note if mating was impaired or

different from that of the control group, A difference would indicate possible chemosensitve

structures on the antennae that are used in mating behaviour,

"
Painted Receptors: Mesothoracic and metathoracic trochanters and femora of nine virgin males
were painled with enamel Raim and left for 24 hours before experiments, Males were
introduced to f cmales in Lhe chamber as previously described. The bchavlour was vndy taped.

’I“he purpose was to see if blocking the receptors on the mesothoracic and metathoracic

trochanters and femora Would signif icantly alter mating behaviour,

Pheromone Model Experiments:—. ..

-

Extractions, Extractions were made by freezing females at -18°C for one hour. They
were then slurreyed one and a half minutes (in each beaker) in a series of :

acetone—a,cetone—methanochthanol (modif ied from Klinjstra, 1985). Acetone washes ‘were

- -

combined and methanol washes were combmed Each wash was evaporated with a flash
‘ ;evaporgtor Buchi Rotovapor - RE/B. Residue of each wash was weighed and then acetone and

methanol were added to respective residues to standardize concentrations. Concentrations are

‘ exp;cssed as gerrid-equivalents _per milymctre of solvent (geq/ml). The solutions were kept
refrigerated. ' : : o ) ' '

b

Models Three typ&s of models were used: (1) freshly killed females (kllled by freezmg

|
one 10 twWo hours prior to expenments) ( u) old ! models were made by f reezmg females,
)

thawing them, and placing them over a small stnp of plasticine on a styrofoam board; the legs »

4 1\

i
¢
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‘were arranged amgf( ned ina way that allowed a natural lookmg posture on the water. They

o
were left to dry f or one | ko two weeks 0-2mliof acetone and melhanol were applied to the
o / v
\ female s abdomen and thorax 1mmed1ately prior to experimcms (dii) 'washed' models y
prepared in the same manner as the old models and then0-2 mllllmetres of acetone wash and

methanol wash were applied to the thorax and abdomen 1o gwe a conccntranon of 1-04 gerrid

' o ! N
" i

equxvalents. ¢ _ ' ‘ . ' -

Experiments. The same set-dp, involvin& a conwiﬁer §nq scrécn. was used 'as wilh“
other observations, A male was pfesemed with the three typesof models with a five minute
period between each model. Pr\esentalkion of models was ordered in a 3! fashion 2i.e.. "3,2,1;
1,2,3; etc.). Six malés were used for a set, and the set wa;s replicated three times, so a total of

'eigmeen ma;les were used in the experimnet. Al encounter with a model was allowed to

.

continue for ﬁ?p minutes and then it was teﬁnir;atcd. Scoring consisted of : failed attempt,
' \

‘

copulatory, feeding, no interaction. I

B :

‘ Staustlcs Statistical analysns was based on both parametnc and non- paramemc statistics using
N A

Sokal &zRohlf (1981) and Slegal (1956) resv%ttwely. Analysis was done using the statistical

package Mi DAS@ ‘ ’

5.3 Results and Discussion

-

Matlng Behaviour: Figure 5.1 shows an ethogram of thc mating behaviour sequence in Gerris
rengls After the male was introduced, there were some male chases as well as some f emale
chases. (One-third of the u‘m‘e the female appeared to chase.) Contact between male and

. female océui’red, on average, three @ur times befofe copulation, the female initiating the
“majority of contacts (see table 5,1). | | |

¢

PR | 0

When the male approached the female for mounting, hie approached her from ghe side (rarely



from behmd) ‘At this point three of 19 observations showed the male sngnallmg. %noe hlgh
frequency signalling is not easily observed it is diff 1cult to say whether sngnallmg occurs in all
cases Or in just a few instances. (The actual waves, becausc of thexr small size, cannot be

observed, but a specific postural behaviour can be.)’
: . o | |
When the male's body axis was perpindiculaf to the female's, he grabbed ‘the f emale's thorax

and mcsothora’rcic legs with his prothoracic legs. Within a second, the male moved on top of the

f emm so that his body axis was parallel with the f emale's, while simultaneously starting to — -
. 2]
protract his aedoeagus. Within another second, the male inserted his aedoeagus into the f emale.

Also, he rubbed his mesothoracic fi emora against the female's abdomen. The rubbing act \.\

consisted of several, very quick motions not lasting more than one second. Frequently there,

were leg rubbing bursts — again, not lasting more than one second in duration and continuing .

/

throughoet the insertjcn period (especially if the female becatne very active). (The average

number of leg rubbing bursts was 2-4 £ 1-1.) While the male was inserted, he rode around on

—

' the female's back. Both male and f emale groomed themselves, the female grooming more

v

actively. During this period the f emale often struggled but sometimes remaxned passive. In

half the observatlons there was some degree of ‘strugglmg on the part of the female.

Separation appeared to be initiated by the female in most caséb. This happened within a few -

seconds to neatly an hour after mating. After decoupling, they either resumed chasing, in

effect, started the cycle over, or they remained apart with no f uther chases. The former usually |

'happened if separatmn occurred thhm f ive tnirmutes of insertion. Based on a sampje of ten

maungs the average mafing time was 25 minutes (s 12 mmutes see table 5.1).

v . .
» o

Ty fact that both the male and f emale w1ll chase mdncates a readmess to mate. thle .

'Rhagadotarsus lgmepelinf a water stnder from Austraha has a sxgnallmg system where the

female produces courtshnp signals, as well as the male and actxvely makes contact with him

(Wllcox 1972) in Ltmnoporus males seem 10 be the only ones who are aggressxve in makmg

i contact (Spencr,& thcox 1986 lecox & Spence, 1986) Since lendporus isa sxster genus to*

\

by

-
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‘Lhese groups than with the more derived Rhagadotarsus . In this respect itis cunous that the -

I ergale in Gerris remigis is aggressrve in making contdct with the male... | A

‘aedoeagus As mentioned above, the absence of - hrgh f requency grqnallmg. in many ’ v

-~ ’.‘ ‘88

R - \

the. Gerrls-Neogerris group it z{(uld seem that matmg behaviour would be more similar among

ln

Another point ‘worth noung in comparrson to lenoporus is the readmess to mate. Gerrls

remigis will often mate wrthm ‘seconds of im.roducuon Moreover, they are nol easrly dnsu.&rbed

whereas in Limnoporus, malmg can be caprlcrous lakmg a long time for the male to moum
" \\, :

both sexes being sensitive to movemem and noise,

- \ M ) . " . .
The orientation behaviour of the male prror to makmg contact wrth the female is mtérestmg It

. allows the male to grab the female securely and to be in a proper pomtlon f or protraLuon of

Ve

observauons could\}hsr be an observational amfact There is no doubt that high freduency

srgnallmg plays an mtegral rOle in manng behavrour in the fi leld but how necessary and how

£
f requently it rs used under laboratory condl‘trons is not’ ‘known. The observation chamber bemg

rather limited in srze (491 square cennmetres). perhaps visual cues (arid perhaps chermcal cues)

"o
-

are sufficient for sex recognition,

Male leg rubbing on the female abdomen is suggestive o‘f a chemosensitive f uncl?gn with a

" contact pheromom bein(g secreted on the abdomen.of the female and the male sensmg the | L
pheromone by receptors (assdcrated wrth the basiconic sensrlla) on the male mesothoracrc and
_'me‘tathoracrc' trochamers' and femora. The fact that I.here are morebasrcomc sensilla on the,

' mesorh'oraeic leg, which is Tubbed against the female's ‘abdomen, is consistent with this

hypothesis. : “ T o . R Y

If this- leg rubbmg act is srgmf rcant in a function other than just descnbed above, what is- n"

: One possrbllrty is that this act (through chemlcal sumulauon or rhythm) is a signal to the

[

female, for example, a calnu ard However. this is a regular part ol‘ a maung sequence ‘and is

observed even when the female is qureseent and does not resrst mounnng

.
. ! . . . S .
———— . . . »



| , and their passive Ole in couplmg (Wilcox 1979) n is not supnsmg thit,yvhen females are put A -

-"'.groomed themselves and would occasionally contact each other when movmg around (x =3

not chase (as they did on occasion when placed with a male).

’ male A' o I‘ ‘ \\i‘ I)“.

§ . -
Olher Observations: ’When females were observed together there was very llttle interaction. They .

"A

contacts, s = 1). When contact took place, thete was no evasive action or strugglmg. They did

. R
. Y

. - . l o
? S -

When males were observed together;, there was con&erably more activity than observed when *

v

: o0 o
females were together There was an average of 13 contasts per pair i =4.- 9) almost all of

: ey |
which Wwere a direct result of chasing. Atte pts to mount generally f ollowed chasmg, with some

onentauon as when with a female. Slmultaneously there was a partral bendmg of the aedoeagus

, (
(icrpt  for one observatron) at this pornt the bottom male wguld raise up and signal. Tlug
trugglmg and an unmedtate break up. This behavnour would be repeated

/

as follow

several {imes throughoy the five minute observatron penod It 1s 1mportant to note that males '
‘l

4

e much more aggressrve than females. There was chasmg mounting attempts wﬁh proper
orientation, vibrations, and strugghng, ‘however, no leg tubbing was ever observed. lt mxght
also be menuoned that in two observatrons there was actual aggressrve f; 1ghtmg lasting several

seconds this was diff erent than Just avordenoe strugglmg

SER N

200

When males wer@mtroduced into the chamber with Limnoporus dissortis f emales a spectes

whtch is theapproxtmate size of Gerris rezxigls in four out of the fi ive observations, the male

oA »

chased the f emale. When ‘contact was made (usually by a rear approach) the male dtscontmued

contact He sometimes began chasing agam with mtermrttent groommg The female avorded the

F=N
N !

| 'l"lre purpose of makmg these observauons was, to note dtfferences and srmrlarmes in

tnteractrons of males and f emales (as well asa specres of sxmrlar srze) payrng partrcular

. attentron to approach and onentatron Because ol' their apparent lack of response 10 srgnallmg

"together t,hey show httle response to each other At the same trme itis mterestmg that the B

~



. . , \ ‘ ‘v L.

4 ‘ s @ \ . . b

females will chase a male Thrs mdmtes that the f emales may be able 10 dtstmguish sex,

'probably by vrsual cues and ma\rbe other cues. It appears that fi emales are more actlve and
" more aggressrve when placed with a conspecific male

A}

Males chased f emales, other males and Umnoporus dissortis females in very muchthe same

way. This mdrcates that vrsual cues (using body size as a guide) are used in recogmsmg \

1

potential mates When males were introduced o other males they even orrented \rasped and

" started to mount (rncludrng begrnning protracuon of ‘aedoeagus), but stopped short of leg ‘

. rubbing betause the bottom male had begiin signalling by this time. When a male was -

introduced to a Limnoporus dissortis female, after chasing,the behaviour was quite different in

—-n

-

that orientation was not from the side (as is with both male and female Gerris r'emlgls) but
f rom the Iear. Once contact was establrshed the male moved away from the female. The

‘\ diff erenee in approach and contact between Gerris remlgts males and f emales and lenoporus o
t

X

dlss‘ortis females mdrcates that there is some sort of recogmtmn rmrnednately pnor to, -and ar ’

contactl Thrs recognltton could be from srght and or some type of chemical cue Ifitisa .

\ L
chemrcal cue, rt seems to be present in both males and females of Gerrls remlgis ‘ TR ' -

5 Mattng Behaviour in Darlc Qualrtanvely mating behaviour in dark was consistent with _

‘observatrons made in hght Because of the malnhty to vrdeo tapé the only measurement taken

was time from mtroduc n to leg rubbmg (Thrs trme penod was chosen because 1t could be

13
measured accurately ) Ther S nO srgmf 1cam drf fi erence in the time, between mtrddd*cuon to -

: leg rubbmg with dark and lrght:observatrons (U 71 df= 19 10 = 0 27)(see table 5 3)

. . . . . f
’ PR

' 'l’hrs frndrng 1s in ﬁgreement wrth that of ercox s (1979), where hrs experrments were done by-'—

' blmd f oldmg  the males He showed that vrsual cues are not necessary for male recogmuon and

- that recognmon,rs made by absence or presence of hrgh f requency srgnals As mentroned above

‘ AA 3 matmg observauons Gems remlgis does not need Vrsual cues for matmg (I make an ¥

I drd not see hrgh f requency stgnals in all observauons but lf seems that f rom the darl: room ,
3

:
" assumpnon that Gerrls remlg:s is unable to detect red hght f requerrcy of approxrmately 625

g . N



700 nanometres.) R \

This is intriguing, because whiLt;, it is shown that visual cues are unecessary in the mating

_process, the observations of matrng in hght indicate a very strong reltance on vrsual cues. The

Al
fact that chasmg onentatlon and size drscrtmmatron occur in the way they do pomt towards

visual cues. Even if there are chemical cues, it is dlf f icult to explam the stde onentatron and
\
approach demonstrated so consrstently m 'the observauons Perhaps Gems remlgls does rely on. .

-

vrsual cues, but when these cues are af’ f ected Gerris remlgls is adaptable endugh to use other
cues to succeed m.mate recogmtton.

Antennaectamlzed Males: The s‘ame behavioural acts measured in the control group (mating .

hl
|

behavrour observatrons) were measured in antennaectomized males. U tests were performed on
/

-approach (U 77 df= 19 9) aedoeagus bending (U=77; df =19 9) and leg rubbmg (U=78;

df=19 9)(see table 5.2).Atp>0- 025 no srgmfrcant drfference was found between the two
[ ! \ !
groups L VoL L _ ' .

-

+ It would no@been unreasonable tl\rat the males would be lethargrc and behaviour somewhat -

%
modlf red because of mampulauon of th\e msect Desprte consrderable bleedmg. males recovered

3

-quite well f rom the antennect&mes The matmg sequence was consrstent wrth that of the

' control (see table 5 2) This. shows that -(i) antennae are not necessary and probably not

K

: extensrvelv mvolved m matrng. and (u) rf a pheromone system is mvolved in matmg behavnour
L 4

‘

" of Gerris remlgis receptors for the phemmone are not located—on antennae T

Palmed r%ceptors By pamtmg the mesothoracrc and metathoracrc femora aﬂd trochanters of
" males ~maunglxha-ytour was srgmf 1cant1y altered There was a srgmfmnt dlf fi erenee from time )

o?mtroducuon to maung (U -43; df = 19 9 p<0 025)(see table 5 2) There w,as also a

e ’ . v R S



A

difficulty in’ Judgmg drrectton as well as in onentatlon af ter contact with the f emale was madc

i
)

Four of the nine males mounted in‘a manner different f rom that observed in the control group.
Wally mountmg took place so that the' male s head was at the abdomen of the female.

Eventually onentatron would be nghted and matmg took place. Leg rubbmg generally took
) -

‘ . place, but was, slower and not as frequent oo s - \

Smce mne out of eleven males mated the necessnty of’these putauve chemosensmve sen t{la in

! '

actual matmg is questlonable The time bef ore mountmg and ortenmnomhowever were
aff ected But lookmg at the behavidur of these males ina quahtatlve manner 1 beheve
‘ dif f erences in ttme (and possrbly onentanon) are a dlrect resut of the physrcal presence of the S

)

. pamt

Prior to the experiment, painted males spent much time onfyrof oam platf orms in the: —
‘contamer where the Gerrids were kept Their body posmomng was also cons1derably lower to : /
) s

 the water sirface when with females, ana'rwdmg (Nofrmally mé body is posmened well above

water when with females matn{g and m other srtuauons ) These observatxons in conjunctlon

thh the general lethargy of the stnders suggest a physncal hmdrance caused by the pamt
, L %

(J omts on the legs were f uncttonal ) ‘ , S e

n" !

The poor.}udgement of dtstance and orientation are more. dlf f 1cult to explarn in terms of the -

pamt Perhaps the basrcomc senSrlla are used m helpmg to Judge drstance and to onent to the
{

\ fi emale but thrs is unllkely The lethargy and lowered body posmomng are probably caused by

o 'the pamt covermg up the hydrof uge hairs on the legs makmg 1t dtf f 1cult to move with agthty
‘s NS} / \

and mamtam proper body posmomng Because of thlS I am reluctant to place much rehance
: on thts'l do not beheve anytlung can be concluded f rom thls experxment thh any certamty

f <y
L “Howevel" the lack. of proper onentauon and poor Judgemenb are mterestmg and 1t is possible

Lok ' a

,that the sensxlla have some mfluence on these behavxours

B ?‘PheiomoneModeI Exper:h‘iems.- ‘The' majority of rialés fed "u'p’dnj- of ignored all three types of '+
;' . . .' f :.. v T . .‘. "3'; A ,‘ ‘ ’) . ‘A~'-.\,.- :‘! .j. :“ . ’o ’ . ; L




‘ models. Three males attempted copulation with a°f resh Temale and the;re Was one failed

dr=8:0- 05)

_but not with an old f emale And that there would be a oertamamount of feeding and -

b
: \ "

. ‘--.‘;\h\. . . ' . " . . } o
: T N o ; B S 93A

. ST .
\ s ’ . \ . e
. PRV, . . \
: : ‘ BRI oo Ay ‘

A"‘n

L attempt with a washed model Statrstrcally, behavrour was mdependent of models (x’-S 06;

) \,s"‘r
. 'In

o1 hypothesrsed that males would mate with af reshly krlled female, wrth a washed old f emale

-

——

non- mteracuon Thrs is based on the assumptron that females have a chemtcal present on their ;

LN

cuttcle that acts as a pheromone that in f reshly killed females this chermcal would sttll be

A ' -

present in quantmes strong enough to attract males and that a washed f emale would have the

chemical applred toitf rom extractrons Moreover in f 1eld expenments usmg untreated models
wrth lenopqrus dlssortis. males were receptive to freshly krlled models (2—3 hours) but f ed -

on day old models (personal commumcauon JR Spence)

!’ -~

There are four possibilities.that can explain these resulis. (i) There is no pheromone system and

the sensilla have another function. Or if there is a pheromone system, it works in conjunction

‘with other systems where the fi emale« for example must be alive so thatthe other ‘systems are

complete {ii) The f: reshly ktlled female models beeause they are not drred'denot matntam ;

'optlmal posmon on the water —_ they are lower on the water This could explarn why males f ed

- on f reshly krlled females, suggestrng that body posmomng rs an 1mportant cue If thrs is the ,‘

) fmales" (m; lt is. possrble that the extractrons were not strong enough in washed female models
(1 04 geq) m order to compensate f or the models bemg dead. Iti rs also possrble that the " “

‘ extractron prowdure ?rd not extract the pheromone In erther case, thrs could lead to f wdmg

rather than matmg (rv) The pheromone could be extremely volatrle and it may be necessary

"that 1t be produwd contmuously by the female

. ' The ftrst and fourth possrbrhtres explarn most completely the results of thrs expenment or the

K second and thtrd comhrned I belreve the fourth possibrhty r‘s least hkely because rt would not be

‘ case then wh@ere washed fi emale models —_ which had very good leg posmomng — fed on by - -



B L ,
possrbthty rs the first.' A drf ferent expenmental desrgn — mcludmg stronger concentratlon of ,
extract, dlf ferent method of preparmg freshly krlled models and more repeuuons - mtght lend

insight mto which of the possrbrlmes is correct

V-

It Lherr is no pheromone system mvolved inm trng behavrour of Gerrls remlgts (whtch the

results suggest) then the function of theb;icomc sensrlla needs to be reconsrdered

Y | . /
- 8.4 Conclusion == ICENT
The evidence in f: avour of a conta phe'romone-mediated‘mating system is the behavioural act

of leg rubbmg by the male on the females abdomen and the ability to mate in the ¢ dark. ‘While
it'was mentroned earher thdt the. leg rubbmg act c0uld bea mechamcal strmulus to calm the
female, it is doubtful this fs its unction sirice it is performed regardless of whether the f emale

K

. is passive or active I?ults f rom matmg m the dark observatrons do not necessanly corroborate‘

-~

the above theory. however, they show that visual cues are ummportant Outside of visual cues,

' there are possrblzéemo nsory and other mechanosensory cues lt is possrble that hrgh

. frequency srg7 ing was mvolved and, it is possible that the males could have been attracted to

g oot “ n'w-~

o o a pheromo? Itis drf ficult to say wluch of the two cues were used buit, it is obvrous that both

males a? f emales could note presence of another ammal m the chamber. by sensihg waves :

.‘theother.
N ’J- Ny

Ev' ence that does not favour a contact pheromone medlated rnatmg system denves f rom the

odel expenments and expenments where the receptors were blocked Males dxd not mate wrth 3 _f ~
‘the models (except for three males that attempted copulatton w1th f reshly killed f emale |
: models) If females produee a pheromone, and even 1f the extractton procedure drd not extract : o |
L : , the pheromone, a larger number of males should have attempted copulauon wrth the f reshly

o ,kxlled models —it 1s unllkely that the pheromone w&ﬂz(dnssrpate that qurckly
.--AApplication; of pai‘nt on the, le‘gs, of_; males may::h.ave eaused abnor-mal‘» be‘haviour (such‘.a's:'poor, RS



e

onentatxon and lethargy) it drd not, however arrest maur;g" With paint blockmg the presumed «D

@
; reoeptors mdles sttll mounted rubbed their legs on the females abdomen and’ mserted

- i v !

‘Results f rom the model expenments seem tO suggest that there is no pheromone medtated
’ matmg system 1 do not belreve the results are conclusrve The leg rubbmg act the t
‘ chemosensrtlve sensrlla (and sexual dunorphrsm) are strong 1ndrcators of a pheromone

‘mvolvement Another expenmental design ‘and a diff erent extractton techmque may provrde

\’ﬂ Tﬁerent tesults.



. S

Figure 5.1. Ethogram of ‘mating.seguerioé in Gerris rég'{;igis. |

\

N il
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Table 5.3, Data of mating sequence of Gerris remigis with blocked receptors®

and iq dark.

seconds
behaviour 5 n time (scc) maximum minimum ‘
blocked Teceptors 9 377.94428.) 1092 20
time 0 to, ' : .
approach -
mating in dark 10 1080+)0s8 382 14
time 0 to . .

approach
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.' 6. Conclusion ¥

In the process of carrying out an SEM study of the legs of Gerris reinigls I described basiconie

\

sensilla on male mesothoracrc and metathoracrc trochanters and.femora Because of sexual

drmorphnsm and the suggestive shape of the sensrllum 1 hypothesrsed there i is a. _ Cs
r

pheromone -mediated mating system in whrckthe basrcomc seﬁlla function in dete&tmg a '
LY
pheromone The study focuses are the basiconic sensilla, their structure, and their putattve ' &’

‘ . !
function in mating behavrour. ‘ . ~

v o s .‘ C

It was tmportant to understand what the dxstributron of basrcomc sensrlla are within the f amtly.

1f they are specific for Gerris remtgis or found in various groups It appears that presence of

basiconic sensilla was independently denved twice. Once in Gerrls remlgls and once in the

- '

Limnoporus ru foscuteIIatus group (subf amrly Gerrmae) In the leno;;orus ru fosaaellatus
group, however, the sensilla are found only on, mesothoracrc legs, and in both sexes. Whtle itis

assumed they are homologous structures with those of Gerris remigis, because they are present

- ]

- in both sexes rarses the questron of whether they are analogous in f unctton l believe they are -

analogous i in function; my main reason supporung this is that mating behavrour (and behavrour

."

in general) is rather srmtlar in both species.

Histolc sical investigations revealed that the basiconic sensillum is, indeed. chemosensitive;

There appear to be 11 - 15 neurones mnervatmg each sensrllum Moreover, presence of .many
apparent pores on the sensrllum surface tndrcated that the sensrllum 1s a contact

chemosensrllum (Thrs lends support to the theory of a phereomone medratedmatmg system

L N

- hypothesrsed —i.e., .a contact pheromone is mvolved.)

After deterrmmng the drsmbuuon and the structure and physrologrcal f unctron the next step -

was 10 determine the behavroural function of these sensrlla in Gerris remlgts (namely. are they Coe

mvolved in matmg behavrour) Electrophysrologrcal studies i in whrch the receptors of the

i

sensrllum are excrted by a chemrcal denved f rom a female and behavroural studtes whereby a

-

&

SRR '-r—'k1202
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" “:,9

‘ pheromone medrated mating system can be demonstrated are necessary criteria in order to _
determine tf the behavroural funcuon of the sensilla is part of. the mattng prooess Behavroural ‘. ‘
‘ experiments were camed out Some of the results corroborated a pheromone medtated matmg :

N

system and some dld not.

Al evrdenee attained thus far, that support a pheromone medrated mating system in Gerris

)y

remigis are: (r) Bastcontc sensilla are. not seen in nymphs, nor are they seen in females. (u)
Th/e]eg rubbtng act perf ormed during maung is an opportune time for the receptors of the

;! sense organ to come mto contact with a pheromone present on the female (m) Maung takes
place in the dark and vtsual cues are not necessary success in mating could be due to chemical
" cues and or vibrational cues. (tv) Male's approach toa female Limnoporus dissortis is

dtf ferent, and once contact is made the male retreats z\nbrattonal cues cannot be consrdered

because females of both species do not respond to srgnalltng)

. Evidence that does not support a pheromone -mediated mattng system is from fi tndtngs in:
behavioural experrrnents (i) Experunents in whrch the receptors are blocked by paint - . R
demonstrate that males are able to mate with non-functioning receptors (u) Experrments

. where models are treated with extract of slurreyed fi emales and presented to males show no . s

receptrveness to males concerning matmg.' B ' ' ' 2 L

L lt is diff; icult t0 state Strong support for a pheromOne-'mediated mating system; at the same
f ttme it ls equally dif’ frcult to f; alsif y the hypothesrs that this type of system exists. The fact that
,nymphs and females do not have the sensrﬂads very strong evrdence of f unctton m matmg

L ibehavrour The leg rubbmg act 1s strong evrdenee of a coptact pheromone related behavrour e
.‘ 'Behavrour of males thh Ltmnopoms dlssortis f emales demonstrate that cues other than ‘ |

s vxbrattonal and vrsual play a rble in. spectes recogmtron The abtltty to mate in the dark is not' N

Co _‘parttcularly supportrve of a pheromone medlated matmg system «but it 1a conststent w1th the‘ S

P



‘ pherornone-mediated mating system. It shows that the role of the&'sense' organs'is

: A
organs it may-also be due to general malarse of the msects because of presence of patht

the function is that of detecting a

.

-~ an enhancement to successf ul mating. The inability of these males to approach‘and orient

(when contact is made) in the usual manner could be a result of rmproper mput f rom the sense

\
t

l Considering f indings. from all aspects of this study, I think that %he‘chemosensitlve/ basiconic

(. ' . .o ) o \ (i . . .
sensilla in Gerris remigis serve some function in mating behaviour (regardless of their function

p
. >

in the:‘:}lenoporus rufoscutellatus group). However, I cannot conclude, with any certainty, that :

contact pheromone. I believe that the role of these sense ‘

. ‘ b ) .
organs is but a part.of a larger nﬁu’ng system in which visual, vibrational, and chemical cues all .

play a part in th&aung behavrour strategy of Gerris remigis. 1 belreve all three cues (and therr

detectton) are 1mportant but not all three cues need be present f or succecsf ul matmg to occur.

> ’ 2 2 ‘ otk .
Through this study, cuticular structures of the legs have bé’gn discussed A description of a

prevrously undescnbed sense organ has been made Its drstrrbutron wrthm the family Gemdae

..v

" has been surveyed And, its physiological functron has beén determmed In an attempt to

+ elucidate the behavroural function of " this sense organ a complete matmg sequcnce of Gerrls

remtgis has been documented | ,_‘ .

Future studres should entarl more hrstology of the sense organ at the TEM level More

behavroural expertments should be camed out paymg close attentron to extractton of putative

©

Rheraombnes And electrophystologtcal studres should be undertaken especrally if beha‘mﬂral

" expenmentsprovepromrsrng I A I U S

. ' “‘ '
R .
S .
\ -
. [
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