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The sdfcess oﬁ§51mu111dae is due in part to the

comb1nat1on of 51lﬂ and hooks that thelr larvae employ to , .

:attach themselves/an rlvers and streams.

When att chvhg its anal/proleg to. a pad of 51lk a

é". 3 ,:dii7.grasps/the‘m1dd1e of - 1ts ad w1th its anal proleg Larvae-
their mouthp rts and thorac1c proleg from the
i&/l» ) Tﬁm pad of si k to remaln attached by the anal proleg alone.'l 2
/(};_ L , dﬁtDurlng this. process, larvae bend thelr bodies laterally

:‘?‘7 'hf ‘rather than dorso ventrally, thlS probably a lows larvae to‘

: . keep their bodleswanlthe slower current_nearestvthe

P j'l . . substrate. : @5' : ‘1, d’;f : . . e | _
;f-' ‘: I TEIRT Larvae produce w1de fllaments of 51lk probably hx,,,,ﬁlfi—-—~—*’

: - : g
- o o mov1ng the - salivary meatus antero ally durlng spinnlng,

- of the salivary meatus with their -

’_and by draw1ng s1l

maxilfa . Larvae probably grasp anchored llnes of 511k w1th

]

»

~ their mandlbqlarlteeth.,.These,teeth'also sw1ng past mental
»,teethJCIOselv,‘probably shearingfoff filaments,pf silk. |
‘bFlanges'of'mehtal teeth“probablv.also'help'to’cUt'Silk

.. A pa1r of campanlform sen51lla located posterlorly on

'the thorac1c proleg, jUSt outsmde the c1rclet of hooks,

perhaps help larvae sense when the thorac1c_proleg is




fea———%%~‘“****andueven'thinner

e AT T T e vt R i

conserve energy by produdﬁng relat;

spin and attach to a new pad

\

attached securely Br1stles of lateral plates of the
thorac1c proleg probably help larvae to dlsengage hooks of
the proleg from 51lk

Tubercles on hooks of anal prolegs of larvae probaLly

- prevent those hooks from working loose from pads, of silk and

thus probably aljow larvae to remain attached with m1n1mal

.effort -The anal sclerite probably helps 'td attach hooks on -

-

.the posterlor half of the arnal proleg to pads of s1lk

An abandoned pad of silk has a c-shaped area Where the

'thorac1c proleg attached, a peaked area where ‘the mouthparts
attached _and a D- shaped area’ ‘where the anal prolegv

‘attached. Rads of &ilk that larvae attach_to while

i

, o ; , _
filter-feeding (feeding pads) have mor e definite structure

and orientation, and contaln more 51lk than do pads'of'silk

I8

that larvae attach to wh1le mov1ng about (locomotory pads

.Larvae do not’ eat 51lk they have - detached fron//buf they

.ly/th:n/feedlng pads.x

ocomotory'pads Because pads rot the_

rate of breakdown determlnes the max1mum amount of t1me a

larva can remaln attached to a" pad of 51lk before “having to

leferences 1n am1no ac1d content between silk for

larval attachment and silk for cocoons: suggest that these '

. two 51lks have d1fferent comp051tlons su1ted to the1r

7/

dlfferent phys1ca1,roles.

Inferences based on Hennigls (1973) reconstructed

' phylogeny of CUlicomorpha'suggest,that‘the method of f

vi’
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“ Wttachment of black-fly larvae a'rosé through adaptation to
o ' . \ . : ) X )
> feeding on substrates over which water flowed, and that the
method was refined dur"ing_,a shift to passive filter feeding.
’ “ L3
L \ L
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’ fllaments of 51lk ;.f.........,,., ....... e e 20
13;¢PFully protracted max1llae, ventral v1ew ,;.g,};,;,u.;44 S
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- - of. 51lk cut anterlor view, ........,,,..,1,(5,1;,,44i
tjApex of left mandlble, medlan surface L;;:;},.k.{};..44'"'
f6._’Mand1bular teeth adducted to mental teeth vemtraldm 3
' v1ew 4.;.?.,..,...,..,.,...;...,......,..t,;{a..;:443-V
“17i“fMand1bular teeth pushed to mental teeth after ’E‘C,; wy'”
’ " maxillae and labiohypopharynx- removed lateral .

: v1ew of rlght 51dey.,..,,r,r,.. ..... ,,..,.,.,...,.44'
j»fj8.‘v51xth 1nstar larva. Br1stles of labropalatal D T
e ' brushes, ventrolateral v1ew ,.;.,....,....,.,,rk.,44f,

D1agram of labropalatal brushes, ventral v1ew e
| ' based on: SEM exam1natlon r;..,..‘ ..... -.,..,,,,,;,;g47f-
20,

.Thorac1c proleg, dlstal artlcle, posterlor v1ew Q;;fasl
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21, Thorac1c proleg, dlstab art1 e, anterlor v1ew cene a6

22;'»F1fth 1nstar larva, thoracic Eroleg, dlstal
" art1cle, postero lateral v1ew, rlght 51de~...... .61 -

{23. ‘Thorac1c proleg, apex retracted anterlor v1ew f;...;Gl

24, D1agram of muscles of thorac1c proleg, left 51de,
' based on. Grenler (1949) and Hlnton (1955, 1963) ..65

"'25;, Anal proleg postero lateral v1ew, rlght 51de .,..;;.72x N

R ‘26._1Anal proleg posterlor v1ew, anal organ retracted ..;72'?

‘ 27;'_Srmu71um v:ttatum larva. anal’ proleg, anterior,

; mldllne e es aeeae e ,..r...,,.......,.{ ..... ......72

"1”28,f,Hooks of anal proleg .};:;.};,g;flgrﬁ};:;;..,,,;1;;;}725'..

29};'Anal sclerlte in dorsal ‘and posterlor views ;.;;;y.u.75_j;l'
_ ST 30, D1agram of attached hook’ of anal proleg, w1th hook ,
e e tubercles 1mbedded 1n pad of 51lk lateral v1ewvr@79
31, Proposed funct1on of anal sclerlte of 51mu111d o -ﬂl
© ... larvae: attachment of posterior hooks of anal ° e
. prOlegS \._o‘.o'_on. ,puoo o.-cboo‘uguocin'o .." .‘-.....’...)._..f.85.\- ‘

];32r: Slmullum Vlttatum larva. Feedlng pad of 51lk épun' -
: - -under laboratory condltlons ,;,..,.f.,l,,,.,...;;k94

"¢33;‘tLocomotory pad pun under laboratory CODdlthﬂS ..;;94ﬂv'

2134."Pad of 51lk spun on a glass sl1de suspended 1n the

Sturgeon Rlver ‘.;,,w.,.,..,..,...l.,...v ...... ..};94f B

>°_35, rPad spun ona glass sllde suspended 1n the Sturgeon'

-,35.~ﬂ51mu71um sp.., probably S. vrttatum. pad of a
... first=instar larva, spun ‘under laboratory S
'condltlons RTRE ,.,.m.,.tftl,..,.........;\;;..,;94_Y
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O DR S ',:,: spun by .the same 51xth imstar larva, rottlng_....;94?'

v% S 38, 4Deta11 of pad of 511k from the Sturgeon Rlver, oA ‘
‘f SO e e scannlng electron m1croscope v1ew';.,...,..;;;.g,;94p.,
ﬁ:”f »p';h‘ _*'39, Proportlons expressed as’ percentages :
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List of Abbreviations

) Abbreviation . ' , , ' . Meanlng
Y- ) « B ....;.;.......ap1cal brush of mandible
JBC seieiecsnisesssassvesass..circlet of hooks of anal proleg
~acr .s,......;.;..g.......;.......,. ..... .....acrylic -tubing
S R T T R PR TN ......anal flap
BG teierrenetoenso et aceas anterior gap in circlet of hooks
BN 4t eeioeseenssoasnsesassensaitoaenrsrsisnsesssseasantenna
BO, +ssoeoerennnennososeserorecerenaseneans lobe of anal organ
P-4 o) o J ;;...;...;.........,..anterlor ‘palatal brush
- e ...tip of anterior arm of anal sclerite
- ¥ - T wee......5ensilla of ‘anal sclerite
- at,L..;;....,.....;d;........,...,..aplcal tooth of mandlblep
D iiieieee i i . .base” 6f hook 6f proleg
bb .;;;.....;.;,w..;.,..{.....;,... ,aboral maxillary brush .
be . it e e «.dimee.s..bend in labial gland -
bi ...... .....;;,br1stle of lateral plate of thoracic proleg
) P T I T T R cee e e e brown 511k
- N '... e .....1calcium
C8 voriseoneioases e e .c- shaped area of pad of silk
cb ;..;...;.:...-..;.{.;4...;,..,.cover1ng brush of mandible
o S T S T S ieeeae ..cephalic fan
, o R SN PN clear silk -
: CS tvvensssaioanaoganans s e aneee s campaniform sensillum
: ) ct ;..,.a;..}...;.......a.ﬁ..(;;...;,.corner tooth of mentum
; DA tevenivnnnvrasvosesesleiesea D shaped area of pad of 511k -
; o) T P VA S R e vieesvaio.debris
i G AR DO U PO PR Ceeea e AP J..dlatom
: BT < | R O e dorsal premental brush - =
: 20 ds i, ..;;;,;;...l..;.;;...aplcodorsal max1llary senS1llum
ﬁ - S T N L LI T IR IP P Ir AP closed end of lablal gland
e s et e e s e als posse551ng lateral palatal brushes
e ~with many rows of ‘short bristles
B . ..possessing lateral palatal brushes_
' with one row of long brlstles ' : ‘
R AP E LSNPS lateral palatal brushes
.. .reduced or lost o ,,A‘ PR .
fc ;.;..-...,............L.....;...L}..‘. .flexible cuticle
I T S N flange of mental tooth
O R PP PP flex1ble plastic tubing
G eiiieieseidiideeeiaaeasaieaaasss. . Spiracular gas exchange
g’ ..,....;..}:,.....,.;1...,;..;.,...cut1cular gas exchange
B o T L g T L S .gauze
gl ..g..a.;l;;;i..;......;..;;;.;.eplthellum of lablal ‘gland
QL siieesesssvesseasssss..groove ‘in apical mandlbular tooth
Y T T e e it s s e .hook of proleg
“hp..;....Tui.j.;;....aTterolateral proyectlon of hypopharynx
S oxix
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ht ..........;........tubercles 5} hooks of pdsterior proleg’
2B hypopharynx
iv..;......{....L:..........J......;tf....muscular 1nsertlon

it1 through it3 ... .t iiveinnenas ..flrst through third
: 1ntermed1ate mental teeth

D e v.;.;...;.,..}....;.potaséium'
PP ...lacinia
X < S T I T U N 1abropalatal comb
) B e larger hole in pad of silk
T o T .labial palpus
T lateral mental tooth
1x cleeeednneenin laterodorsal expans1on of anal proleg:

‘L1 through L3 ....._............furrows in-abdominal cutlcle

M e eeseroeraotoscancsncstonsncsassescnscsnasnse eeled.e. .. mentum

T 111 o T T . .median labropalatal brush

D (S P .L;.....;..;...dorsal muscle of thorac1c proleg '
€ c e s e s e seaees e e .magnesium-
11 .. ...l midline of anal sclerite

1)« R ciiiesecan e e e eeeseeaea mid-labropalatal brush .-
MS " vuvennons Gier i e e s ee s T microscope slide
B 1 N e ces et e s et e e .median tooth of mentum
MV2 Jivieeisideiseeeneser.ventral muscle of .thoracic proleg

M1, M2 .;.;..u..muscles of thorac1c proleg and anal sclerite

S co e w e e ,.sodlum
nc T e ie e s e e e nerve cord
O trvrenenaannn '.3;.,......;.r........; .......... ‘opague 511kr
ot1 through ot4 et e e e flrst through fourth

outer teeth of mandlble

P ot ,....;.;...,.Q...;.;. ....... .. .phosphorus

Pivveees e e ieise i siesassanerasspOSSessing anal prolegs
p’ ;.l.....:.;.......posse551ng prothorac1c and anal prolegs
o R L R T Tt posse551ng fused prolegs
: with accessory sclerltes
P2 teieidinnnans e e eens e peaked area of pad of silk
pat ..;.;...,....;.......,.p;....preaplcal tooth of mandible
N'e) o T PPN e e reee v .lateral premental brush
PC e te s avsieeeeseeiosebonsnsesns .........plgmented cuticle
jole] ...;;...;...,...,.....;.posterlor gap in circlet of hooks .
o A P .lateral plate of thoracic proleg -
PP te e e e e i ettt eneee posterlor labropalatal brush™
CPL veieieiasisessssasstip of posterior arm of anal sclerite
.- pu q.@,...;,....,...................t........:....;...,.pump
pX ;.....i.,...5.;..;...,;.........a........plate of acryllc
rg,........r.ﬂ.,.rldge leadlng to peaked area of pad of s1lk
' XX




Fl eeveeiereseesasensncnseassesnsssesasssss.rim of pad of silk

FO. sevevevsosnacssecnssssss.area of pad of silk rotted away

rl through F3 testereiionannsocananenons ..first through third
rows of hypopharyngeal brush \

\

L P ceeenn e ssareanenas Vevees .sulphur
S ticedsrseneasaseeaes . .labial glands secrete mucuous
S tieereressassine ..lablal glands secrete attachment silk
= ..........lablal glands secrete
attachment silk and cocoon silk :
=] o teessessesd. . .8Cales of anal sclerlte
Sh viveeevvnneenns R .smaller holes in pad of silk
S1 J.idan B e se s e st a s - .silk
sl a .. ceecssreeessesssnarrow filament of - 51lk produced
when sallvary meatus moved posteroventrally
st' b ....... . e ssnsaanens .wide filament of silk produced
when sallvary meatus moved ‘anterodorsally
= o N ceeene .lateral serration of mentum
- R S I e e veeaes .spinose teeth of mandible
ST through SS .....t..sen51lla 1 through 5 of lab1a1 palpus
t csensein i B cereeneede..tear s 1n anal flap
tC o ieie e e e aae e Cesesan e thoracic circlet of hooks
th ..... e e s e e et e s se e e e e thoracic proleg
1o P cheeeeee cisessssarssssssslacinial teeth

V ceerenvoenes vesiscsssassssesssssss.ventral premental brush
Va ... cenebedeene et ventral adoral maxillary brush
12 < A Y .ventral aboral 'maxillary brush
vm e sis i e ce st s e e P e e e e Ceee s .ventromentum
VD o eecesns ceveende Ceeemsrect oo ensenenn .ventral papilla
A Sessesecunaeraesee Peeeeaas variable transformer

X ae e e i e n e se e s e e e et s e e salivary meatus
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1. Introduction - o

Black—flies (Simuliidae) are important because the
adults plague warm- blooded vertebrates (1nclud1ng humans)
R (Crosskey,»1973) and because. ‘the larvae 2ontr1bute to the
° flow of organlc energy ‘in rlversvand streams (McCullough ef “m\
al., 1979a and b) Part of the success of this family 1s‘
‘due to the comblnatlon of silk and hooks that larvae employ
to attach themselves to substrates “in rivers.and. streams
(Nacht1gall 1974a) ThlS strong attachment allows larvae
to pa551vely flltercpartlcles of fped? from the flow1ng water
(Chance,_1977) 1 present here resudts of my. studles \
. explorlng the nature of thlS ?ttachment. | | ’
» Chapter 2 1ntroduces the whole larva and the overall

sequence of. behav1our that results in- attachment 'Records.

.on photographs and on videotape of larvae in a

¢ . pra
[X i R - L . \ o

'specially—designed apparatus show the behaviour infsome

detail g’v' o - o _‘, S

Results of .this flrst study conflrm that mouthparts
Spin‘51lk attach to the silk temporarlly, and cut the 51lk
Tfoff o 1nfer how mouthparts do this in- Chapter 3 Relatlve.
p051tlons of mouthparts when protracted and retracted and

the shape of teeth and brushes on mouthparts .are the bases

for these inferences. The f1nd1ng of " 51lk on some

<

. mouthparts lends cirCumstantlal-suppOrtr
- _ . v




some of the 1nferences.

-

I infer how the thoracio proleg and the anal proleg
p Y B -
attach to silk and detach from silk'in Chapters 4 and 5.

retracted, and the shape of tubercles and spines prov1de

' bases for these 1nferences. " The finding of silk on\

\

structures adds c1rcumstant1al evidence. ' The shape and

movements of the prolegs observed in Chapter 2 help to gu1de

\ :
‘Larvae leave pads of silktbehind when they:attach to

. new pads of silk. I interpret, ‘in ChapterVG, features‘df~

pads of silk by.comparing them with features of'behaviourte
Observed 1n Chapter 2 and with the 51zes of mouthparts and
prolegs found 1n Chapters 3, 4, and 5 I d15t1ngu1sh in the
laboratary, pads of 51lk larvae’ attach to whlle

»

fblter—feedlng from pads larvae attach to whrle moving

‘about ' Slmllarlty oﬁ/pads of ‘silk spun in the laboratory to -

those sampled from the Sturgeon Rlver allow me to tell the

two krnds‘apart. The frnd1ngvthat‘pads of.s;lk_rot in the ’

'riverfand’the measurement of the'thicknesS'of aﬂpad permit

me to estlmate how much srlk larvae requ1re to replace

‘rottlng pads. I 1nfer the rate of rot from the appearance _
of various stages of,got on,pads onlmlcroscope slldes_kept/,//’“‘

~in the river fOrvvarious lengths of time

!

Contents of labial- glands of alcohol preserved larvae .

can be transparently brown or clear, or opaquely whlte > T

(Chapter 6)‘ A x’ test of colour agalnst larval maturlty

e \

. \ - . T . B
. R " R . L . “‘ ‘r - ,()
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\‘:; ..; {ff\\\.



¢

silk that earlier replaced brown silk. That no clear silk.
appears to reach the mouthparts, and lack of dlfference in

amino acid content between a sample conta1n1ng mostly clear

silk and another containing mostly opaque silk implies that

clear s11k is a precursor of opaque silk. This all 'suggests

’ that larvae attach to the substrate with bFown silk and spin
, . - ) . i ‘ . .
cocoons out of opaqgue silk. Difference of| amino acid

content'hetween brown silk and opaque silkl), together W1thf»

M —

T

//deTEFEHces '''' 1n\seeondarywphy51cai propert1es, imply that

I’y

each 51lk has special propertles su1t1ng it for 1ts special
functlon
- Chapter‘2 “on iarval‘behaviour during attachment,

_contains a dlSCUSSlOﬂ of the or1g1n of one feature of
151mu111d attachmﬂnt -lateral bendlng of the body Chapter 8
explores more fully the orlglns of this attachment. o
Hennig's (4973)‘Fec0nstructed phylogeny ofzthe families most
cloce}yirelated{to §imuliidae,"the Culicomorpha,‘provide,a‘

skeleton, and correlations of changeé'of sﬁructure'and

'functlon with changes of habltat pr0V1de the bases for my>

1nferences.

ol



2. Looping

S
2.1 Introduction

A black-fly larva possesses an anterior (thoracic) and
a posterior (anal) hook-wielding proleg. Larvae employ
_three methods for moving about. They -can lower themselves
downstream for up to a meter, on the end of a line of their

silk anchored to the substrate (Tarshis and Neil, 1970). To

move greater distances downstream, larvae can detach

completely from the §ubstfate and drift suspended in the 7 wﬂ_,i

water column (Rubtzov, 1964) .
e

To move themselves a body's length oT less away,- larvae

TN
. follow a process called "looprﬁ@," whereln they apply silk

to the substrate w1th their mouthparts, grasp 1t with their
~“thoracic proleg or mouthparts or both, and, bending the body
to bring the abdomen anteriorly, attach the anal proleg to |
the silk. After,releas;ng mouthparts or thorac1e ;roleg or
both from the pad, larvae canl;oop/again or filter-feed
passive;y ft0m~thi5?%ttachmeqt. Only by loopihg‘can‘larvae
'ﬁote‘themselves upstream ér across the current. ~

Prev1ous accounts of looping, while agreeing in
geheral, d;sagree in detall. According to Jobbins- Pomeroy
(}916) and Planchon (1844), when lafyae-bend to brihg the
fabdameh anteriorly, the anal proieg attaches beside the
‘thoracic proieg. Bat according to.Grenier (T9495,.the-ahal

prOieg-agtaches beside the&théraeiijroleg and mouthparts.




oo i s e
|
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"fnot necessarlly attached at all dUrlng loop1ng
dfflarvae brought the anal proleg to thlS new pad of151Ik
:'Hlnton (1955) Rubtzov (1962) and PurrYTWQZS) 'on the other.v e

’”tway but only spun 51lk Oddly, van Oye (1936) 1mp11ed thatf}_

bnf;the mouthparts brlng the anal prOleg t° the pad

'f;the same t1me as the anal proleg attached whlle Smart

";(1934) found that larvae released the1r mouthparts and }19-; _1,l;j

‘,accounts whether larvae bent thelr bodles dorso ventrallysorJ-

f”laterally durlng looplng ' Rubtzov s (1962) dlagram

‘1511H CTE bendlngtls lateral as Smart (1934) hlnted larvaeii:‘

'ufln the slow current close to the substrate Chance (1977)

' s ol . ~
o o < R ,

I

thurl (1925 p, 297) stated bhat the anal proleg attaches

J

_’rf.1n front of ." the thorac1c proleg Smart (1934 p.}f;'
1'227) would state only that the anal proleg attaches

“,f...close to the head f' Rubtzov (1962) 1llustrated the

o

"‘anal proleg attachlng posterior to the thorac1c preleg

.i'Flnally, Chance (1970) 1mp11ed that the thorac1c proleg was

Grenler (1949) Smart (1934) and Tonn01r;11923):foundw,"‘v

";thhat the mouthparts grasped 51lk spread on, the substrate as“r;'d

“{:,Jhand -suggested that the mouthparts d1d not attach in any

<

Pur1 (1925) stat that the thorac1c proleg detached at"i"fQL

R4 Ll

' B;Tthorac1c proleg only after the proleg had attached flrmly

Rubtzov (1962) showed a larva bendlng dorso ventrally

whlle loop1ng, but» ‘is dlfflcult to tell from most other

-
——

.Fdlsagrees w1th Smart s descrlption (193{ p 227) of a 1arva;gerﬁve

ly1ng along the substratum..gﬁ‘as 1t spun 1t5 pad of

pvcould be reduc1ng drag on: themselves by keeplng the1r ‘bodies’ e

: K
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found that thlS "boundary layer"-of slow water extended less o L

than 2 mm above the substrate, and- that larvae in an

.-

‘"av01dance-reactlon had all of the body in: thlS layer

ThlS chapter a1ms to resolve previous dlsagreements in -

| accounts of looplng of black fly 1arvae.*[;fu\ | lﬂ%///¥’”

2 2 Materlals and methods ]’; , : “'; ' j' ti.r>v

water through the stage (Flgure 1);p*f‘ ‘1'7 ;T ﬁﬁfl;””“

7 For the stage, two plates of acryllc held four/m

Sl

rf.mlcroscope slldes arranged as in Flgure la.; Each plate had;

o at 1ts centre a square hole Grooves 1n the acryllc platesvf

held the slldes 1n place, and bolts;connectlng the plates5~

held the stage together Slldes were glued to each other'

@

| and to the acryllc plates w1th 31llcon sealant A collar of

Tl

acryllc tublng (1n51de dlameter 25 mm) was glued to each
plate.gg_,h-7'jﬁffvﬁv‘;:‘tftf ;”f i

One end of a 2 m length of: clear vflex1ble Tygon R 3603

v'h plastlc tublng (1n51de dlameter 19 mm :out51de dlameter 25J

mm) was covered w1th plastlc mesh (pore 51ze 700 X 800 um, -

‘ ‘g?thread 51ze 200 um and 160 um) and glued w1th 5111con:‘°

'”vsealant 1n51de the acryllc collar on the upstream 51de of

the stage : The stage was held vert1cally by thrs collar

3

upstream 51de down, 1n a clamp held 1n turn in a Palmer 6 cm

brassvrack,.,Thls rack was fltted at r1ght angles to two :
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'vdownstream tank 1 ';:“'-'

;déntlcal racks to allow three dlmen51onal movement of the
whole stage.' The th1rd rack was clamped to a laboratory
stand

Further assembly of apparatus awalted addltlon of water

N .

-‘and Iarvae. ~Two- tanks (F1gure 1) were fllled w1th water ERTSERE

from the sampllng 51te (see Chapter 6) Compressed a1r was

'lrlbubbled from a tube fed to the bottom of the upstream tank
‘Slmullum VIttatum larvae were collected at: the sampllng s1te_'

'jand reared for up to ten weeks as descrlbed in Chapter 6.

»7

k-“pThe stage and the upstream3tube-conneqt1ng thevupstream tank‘f
5to the stage were filled7withgwater’anddlarvae:were'dropped}}1

;1nto the stage

To complete the apparatus, one End of a second 2 m"

"length of the Tygon tublng was covered w1th nylon gauze

(pore 51ze 140~um fllament 51ze 80 um) and pushed 1n51de,»”
i RR

”the acryllc collar at the downstream end of the stage A:.

lfcowerlng of parafllm sealed the 301nt The stage and

‘downstream tube were la1d gently on the bench to flll thet"
v»downstream tube, and the end was then stoppered Flnally,,

“hthe stoppered end was unstoppered underwater 1n the*"

oy s

A centr1fugal pump moved water from the downstream tank

' to the upstream tank.;uA varlable transformer controlled thed'
rthpump to keep the level in" the upstream tank above that in e
"the downstream tank " The dlfference in water levels drove
'twater through/the stage._ Larvae fllter fed when d1fférences-

“in water,level (head) exceeded 20 mm.' Water veloc1ty 1n51deq;,pu



'Figure 1. Appérafus for recording beﬁa@iohf Qf'black~flyi
latVae.z-f- T g
iﬁSet— detail dfﬁstage, cross section.

‘$ ¥f' _ Arrows point in the direction of flow.

~aép- acrylié.tubiqg,
ft- flexible plastic tubing,

‘ga- gauze, . . R AR
e - ms= microscope slide,
ST PUT PR L n T DT s

be- plate df‘aérylic, .

_.vt- variable transformer. . . ' T R

o







“-frecorder w1th Sony KCSZO 3/4 1nch tape recorded looplng in

‘the stage was not/ determlned - Behav1our ‘was recorded at“'
1‘water veloc1t1es created by water heads of up to 50 mm.
Some larvae pupated 1ns1de the stage, and otﬁer larvae"

'

surv1ved a 1 1/2 day test of the apparatus To,coax larvae'

to loop,‘the water head was changed
‘ To record behav1our 1n51de the stage, a c‘mera and a

SOurce of llght were focussed at the 'same p01nt" and the

"stage was moved to brlng larvae 1nto focus at tha p01nt ';'h
pdAt tlmes 1ntense llght from ‘the 1llum1nators d&sco‘raged
t;larvae from sp1nn1ng 51lk Larvae retracted lobes df thelr

;anal organs when the apparatus was rapped or scraped _"'h

. A Sony AVC 3200 black and whlte v1deo camera was ﬁltted
v,by adaptors and’ Nakon extens1on tubes to a Zelss Lumlnar 40

'mm lens The sub]ect fleld at hlghest magnlflcatlon was 3
hrmm w1de;.but most recordlng was: done;w1th the subject flﬁj'

»i5 mm w1d ﬁ A Javelln Vbdeo recorder w1th Memorex 1/2 1nch"
'jv1deo tape recorded loop1ngs 1n Stlll water. A Mlkrark 100f"
t1llum1nator prov1ded llght R “

o An Ampex BCC4 color\v1deo camera was fltted w1th the
'same lens and exten51on tubes as the black and whrte cameraflb
dehe subject fleld at h1ghest magnlflcatlon was 2 2 mm W1de;ck'”
‘but was 5 mm . w1de for most recordlng A Sony v1deocassettes’
”::Stlll water.f A Volp1 Intralux 500H f1ber OpthS 1llum1nator

llprov1ded llght Vldeo tapes were played back on Son§
‘1/2 1nch and 3/4 1nch players and looplngs were t1med w1th a‘p‘

o Heathklt electronlc stopwatch



Although n1ne sequences of larvae looplng in the stage
J / .:ﬂ.-,

1n st1ll water were recorded on v1deo tape, only one
B ‘{'sequence of a larva loop1ng in the stage 1n flow1ng water

f}‘v was successfully taped. :‘\

[

A Zeiss Lumlnar 40 mm lens on a. leon PB 4 bellows
uextended 120 mm produced 1mages magnlfled about three tlmes |

- on f1lm 1n ‘a leon FM camera Loopxngs 1n the stage in

N

vstlll and flow1ng water were photographed at 1/60 sec and

.\\

1/%20 sec on Kodak Ectachrome 160 Kodachrome ‘64 and Plus X
LdPan ﬂ35 f1lm - Wlld Heerbrugg h1gh 1nten51ty 1llum1nator'7»{ﬁ'
'fﬂtted w1th a- concentratlng lens prov1ded 11ght ' }
’ D\\w1ngs.were made from progectlons of photographs of

'f'_larvae onto paper/' Addltlonal observatlons by unalded_eye

/

“=were made of larvae in beakers of water st1rred w1th

- A : A Lo . g .
: magnetlc stlrrers ";;;yk/“* ._,y_‘i*” e -'Qi, o
. ' \\ '
e

3,_;,.1}h1'.;” 2. 3 Observat1ons i u'._?"', o L

Larvae began looplng by c1051ng thelr cephallc fans,,'
* A

vhbendlng thelr bodles laterally (Flgures 2 and 4a) and
bﬁjattachlng the thorac1c proleg to the substrate'(Flgure Zl;f‘
hgThe thorac1c proleg was bent at the jOlnt between 1ts twofr
“segments-'the joﬂnt 1tself rested on the substrate » Thus ;3

'§h;2f e °p;h only the ventral (posterlor) part of the tip of the thorac1c

‘h proleg grasped 51lk on the substrate I could not tell

NS e e i

- [
o and applled 1t to the substrate or 1f mouthparts appl1ed

s P S SRR

‘“»;whether the thoraC1c proleg pulled 51lk from the mouthparts S
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.\\.

. silk alone and the thoracic proleg-attached"later.. During

‘\ .

"one\looping I observed a larva detached its thorac1c proleg'

in st1ll water.

as it brought 1ts anal proleg to a new: pad This occurred
) : o .

Anterlor to the attachment of the thorac1c proleg,

larvae spun more silk on the. substrate . As the mouthparts

spun 51lk anterlor to the thorac1c proleg, the head'moved

anteriorly'and posteriorly aboutuone head-length."The head

barely moved laterally, and d1d not roll =The‘mandibles or.

/max1llae or both moved rapldly durlng splnnlng, but stopped

' mov1ng when mouthparts grasped the pad at 1ts anterlor end‘

I could not tell wh1ch mouthparts grasped the pad to attachf
the head there

Larvae then detached the anal proleg from the old pad

and bend}ng the ‘body 1aterally in a. loop,'attached to the:

ﬁf\,‘"ﬂ

~

ST

new pad by 1nsert1ng the anal proleg in the space between L

the head and thorac1c proleg (Flgure 3) As . larvae brought-n,a

the anal proleg to the new pad the abdomen pushed the‘.
thorax to the 51de Although thlS made the head p1vot
nelther the head nor the thorac1c proleg released from the:t
pad unt11 after the anal proleg had attached The head 5
jerked dorsally when flnally released from the pad .

In Stlll water, larvae looped 1n an. average of 2 2 sec:

v(standard dev1atlon 1. range 0.9 to 3, 7 sec; n1ne

observatlons on v1deo tape) from when the thorac1c proleg
attached to the substrate unt11 1t released after the anal -

proleg had attached The looplng recorded 1n flow1ng water,

P
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Figure 2. SimujiUm vittatum larva spinnin§ éilkvupstream;of 
. attachment 9f thoracic proléé, late;él view;v Drawing from |
;photograph.. S ‘, oo - o
Arrqw'ppints downstream, B | o
Scale=1 mm. >

-

_ _ . I | '
.. Figure 3. SimyliUm'Vittafum_larVa looping,. ventral view. -

,:yﬂgyjhg attached its anal,pfoleg} larva hés detached ‘its

¢

\mduthparts, Drawing from photograph.
Arrow points dowhstream.
Scéle;f mm.

! -

L ac—“circlet of hodks of anal proleg,
an- anterna, |
“ao*Liobevof’ahalbdrgan,

fc-'flEXibié cutidle,.‘v' P ,'_r' ‘ - - ;Ub 3 L

o R e
.\ hcT nerve cordﬂ,

" th- thoracic proleg,v 
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,desoribesvlooping-in more detail.

-

s

‘took 2.1 sec‘from attachment to release of the thoracic

£

Often larvae attached the tho;acic_proleg twice to the

‘subStfate before attaching the anal proleg. 'Firstly, larvae

grasped the substrate with the thOracic proleg as described,

spun silk for a moment on the substrate ahead, grasped& that

‘silk with mouthparts and then regrasped with the thoracic

"proleg‘just.behind where the mouthpartS'attachedl This

extended the body, and after regrasp1ng, larvae spun a ney

pad of silk and looped as prev1ously descrlbed ) Sonetimes.

flarvae regrasped tw1ce before attachlng the anal proleg

Perhaps noise of mov1ng the stage about and brlght
light'ot 1llum1nators distracted larvae from behav1ng
.exactly as “they would naturally, but larvae undlsturbed in
the stage and larvae in beakers of water stlrred w1th
magnetlcvstlrrers appeared, by naked eye, to behave no
differently'yhen looping. MouthpartS'of'larvae.seemed'to;.
work lonoer‘at applying silk . to the_substrate-Whenvlooping
linkflowing water than when looplno{in.still water, but
otherwlse,‘whether loopingvin still of in,flowing,water,,
larvae appearedvto loop>by the same_method. g?helfollowing

L,

Larvae olosed theif cephalic fans before looping and
opened them agaln only after flnlshlng looping.

When attached the anal c1rclet of hooks (ac, Flgure 3)

was D-shaped. . The flat part of the D- was where the

posterior arms of the anal sclerite spread 180?,apart, and -



&

Figure 4. Diagram of larva ldoping Upstream, dorsal(viey:
a. Qarvé sbinhing‘silk onto substrate.. ' 5 A '\\
Broken afrpw poinﬂs‘where abdqmen moves whén larva'bringsrk‘ 7
anal pré}eg fromAOid.pad of silk to new Qne.
b. Lérva aftachihg‘aﬁal pfoleg. |

' ¢. Larvé filter-feedin? in:usual orientatibn;

Solid arrow points downstream.

an- antenna,
ao- lobe of anal organ,
cf- cephalic fan, - ~

. th- thoracic proleg.
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was more or less upstream ot the curved part of the D. The
anal proleg and the cuticie around it was flexible (fc,
Figure 3); a}lowing the proleg to twist more than 45°.

Before detaching their anal prolegs, larvae retracted
their anal organs (ao, Figure 2), and did not protract them
again until after releasing the head and thoracic'pr%leg
from the nery-spun pad. "Anal papillae" is the usual term
for what I call the "anal organ" (Appendix Table-A—9). In a
highfmagnificationvrecording, the centre of the anal proieg
could be. seen retracting‘immediately before the anal proleg
detached.

; ' anbulent currents buffetted filter-feeding iarvae
Larvae absorbed shocks through keeping the, head partly
retracted in the thorax (Flgure 4c) The pad of silk also
appeared to absorb shocks the whole anal circlet tw1st1ng
qu1ckly a few degrees, then bounc1ng back.

Fllter feedlng larvae trail their bodies downstream of,
the attachment of the anal proleg (Flgure 4c). 1In thlS
orientation, lobes of the anal organ/(ao, Flgure 4c) point:
upstream.’ | | )

f Larvae did not always .loop following the orlentatlon

»

descrlbed to thlS point. Larvae looping dlrectly downstream
(Flgure 5) ended with their bodies opp051te to usual
~orientation [note that the lobes of the anal organ (ao) in
'Flgure 5¢ p01nt.downstream instead of upstream,as in Figure

‘4c]. These larvae quickly looped again bringing themselves

back to usual orientation:'that'is; body'trailing‘downstream



"v"]dorsal/v1ewl -“.»,“3'”

'JaFlgure ? Dlagram of larva&looplng dlrectly downstream
‘i%fa,* Larva splnnlng 51lk onto substrate.-y

. 5;_ Larva ag/avhlng anal proleg
| Larva att‘ched but opp051te to usual orlentatlon to-

‘afcurrent (Flgpre 4c)

ffArrow p01nts downstream._”'

-an- antenna,
“ao- lobe of anal organ,, .

'vifth thorac1c proleg

.11 £>§a? L vtia;: ;.;j; ;;L”
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ithe anal proleg up- dlrectly,xlt attached 1n a’ poor

vdfllter fed from such att“;

. “’& . v. = \\. .

'of attached anal proleg, and paplllae p01nt1ng upstream

v_(Flgure 4c)

Larvae loop1ng laterally brought ‘the anal proleg to the

'new pad in e1ther of two ways (Flgure 6) . 18 they brought

"'orlentatlon to the current (Flgune 6b) Some larvae f/

,ments, w1th the supple anal\»

‘ffproleg Ewpstlng to allow the larva s body to trall

-_?downstream.‘ After detachlng the anal proleg,,Larvae could

"balso sw1ng the abdomen downstream (Flgure 6c) and around toﬁ
'7‘fthe opp051te 51de of the thorax (Flgure 6d) After
f»attachlng, the anal proleg was well orlented to the current

'wtf‘as a comparlson of Flgures 6d and 4b shows. f;»>~

N

e N

12 4 Dlscu551on

bld More photomacrographlc records of looplng in flow1ng

‘Jf‘vwater should be made and studled to’ check my observatrons; )

The present account of looplng dlffers 1n at least one _vk'
”anal proleg attached "; 1n front of the thorac1c'

'(1934) account dlffers from m1ne only in that he d1d not

to the thorac1c proleg Durlng looplng, Slmullum v:ttatum

_3,7tiarvae attach the anal proleg between the thorac1c proleg

.hﬂand head whlle both are attached to the pad

<

ifdetall from prev1ous accounts Pur1 (1925) stated that the ,Qh:
.fproleg, but mentloned no. attachment bY m0uthparts Smart’srv""

amentlon exactly where the anal proleg attached in relatlon :

LR
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FigUre"GT Dlagram of larva loop1ng laterally, dorsal v1ew.
a. Larva splnnlng 51lk onto substrate ' ]."1 \ P
} b, Larva attachlng anal proleg,-resultlng in poor‘

;orlentatlon of. 1ts anal proleg The anal proleg w1ll have

’

'"fto twist to allow the larva s body to trall downstream.ib
‘do;” Intermedlate step between "a" and "d Larva sw1ng1ng
vhabdomen to 1ts~op9051te 51de-"_-i_“ i }' fl'» : ‘
frh g; Larva attachlng anal proleg, reshlting.in‘éood'h y
;orlentatlon of 1ts anal proleg 'dﬂr A AR ,d"jijr'
..Broken arrows po1nt where abdomens move when larvae brlng
3anal proleg from old pads of szlk to new ones R
o '.Solld arrows p01nt downstream.lf v'_“~d7,ll 3 ’lr:h
§;L' {L5Han—:antenna,l dl_'ddetL‘Ll”h:'“ o
:t.iiﬁiahaoa 185§ of -anal organ.ﬂht o .
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vHeadlee‘(l906) commented'(confirmed herel.that larVaet
iretract‘their anal“organbduring’looping : ThlS probably
: jprotects the anal organ and certalnly allows the attachlngv’
tanal proleg to f1t close aga1nst the venter of the head

;capsule. My results also conflrm Smart ‘s (1934) observatlon

o that the centre of the anal proleg retracts as the whole

3

gproleg detaches Thls has 1mp11cat10ns (Chapter 5) for:vvdin

v
)

: 5understand1ng how the anal proleg attaches
| Larvae keep thelr cephal1c fans closed whlle looplng
gThey also keep them closed whlle splnnlng cocoons (pers

cobs ) Chance (1970) observed Slmullum VIttatum larvae

7,sp1nn1ng 51lk w1th thelr cephallc fans extended but my

‘ .

g obServatlons suggest e1ther she was mlstaken ‘or she observed
vga-rare-event,, My results support Chance s (1970)
"‘observat1on that mandlbles and max1llae move rapldly durlng-
'?splnnlng of 51lk pads.v Dorsal jerks of the head on release'"ﬁ
ﬂ-from pads probably result from release ;; pressure of the
"'abdomen on the head and thorax. L |
| D1sagreements among prev1ous accounts, and between my
ftaccount and prev1ous ones, could ‘be due to d1fferent ways of
_looplng between spec1es of black flles but thls 1s‘_h“
'"gunllkely ' Both Pur1 (1925) and Rubtzov (1962) based their
baccounts on observatlons of larvae belonglng to more than'i
.aone spec1es 1n Slmu111dae Chance (1970) wrote about o
" looplng after studylng 11ve larvae in at least f1ve spec1es,l“‘

flncludlng the fanless Tw:nnla blclavata Shewell [ Twznnra

Anova (Dyar and Shannon) (Wood 1978)] and Slmullum v1ttatum--"

& e
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'None of ‘these- authors ment1oned 1nterspec1f1c dlfferences in’
4methods of looplng - These. dlfferences are more llkely due‘
“to thelr lack of equ1pment that could record b;hav1our of'
1larvae 1n ventral V1ew at some magn1f1catzon. o
o “The,"D",shape of the attached anal c1rc1et of hooks has
‘1mp11catlons for the study of how the anal sclerlte alds‘ |
-fattachment (Chapter 5) and for the 1nterpretat10n of
'jfeatures of pads of sxlk larvae leave behind (Chapter 6).
Larvae usually have the1r anal prolegs attached as 1n
fFlgure 3 the anal sclerlte upstream of the rest of the anal
geproleg ‘This. allows the1r bodles/to trall downstream from 5
,:Wthe attachment.' Thls or1entatlon’results from looplng
feupstream of where the anal proleg is attached (Flgure 4)
Larvae sp1n 51lk and attach mouthparts upstream of the‘:

,thorac1c proleg, and the anal proleg attaches to the 511k 1n‘kp

p‘between. When larvae loop downs]ream of where the anal

7;'proleg is attached the'anal proleg attaches to the ‘new pad

:dnof 511k opp051te to usual orlentatlon (Flgure 5) , Larvae dn:
thlS orlentatlon to the current probably rlsk detachment or
udhlnjury because the posteroventral p051t10n of the anal
Qcproleg (Chapter 5) w1ll not allow larvae to 11e on the1r
:,backs.‘f' | v | | |
~Larvae can fllter feed from attachments produced from
v'looplng 1aterally,ibut 1arvae expose thelr bodles to more of
ﬁthe current than when looplng upstream, as a comparlson of

'Flgure 6a- w1th Flgure 4a shows. Also sw1nglng the abdomen

;downstream s 1n Flgure Gc seems a- rlsk to attachment Both |
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problems; first, more expOSUre to the current and.second;'
more rlsk of detachment from sw1nglng the abdomen -
'downstream, probably become more acute at hlgher veloc1t1es
of current. |
Preferred larval or1entatlon,-tooether‘with a
hm1n1mlz1ng of e;posure to the current could predlspose
larvae to. looplng upstream rather than ‘in other d1rectlons.'
’Lew1s and Bennett (1975) after flndlng un1form d1str1butlon
~ of black fly larvae along streams they studled reasoned
.athat'larvae,actlvely mlgrate upstream counterbalanc1ng the,
veffect of drift. If larvae are pred1sposed as descrlbed
'above,‘to looplng upstream thls could help to 1mpe1
hupstream mlgratlon.f ' ’ '
“As Smart (1934) flrst hlnted ‘larvae bend&thelr'bodies'

'glaterally through all of looplng sp1nn1ng new pads and

_attachlng the anal proleg to them' loop1ng upstream,

‘downstream, and-laterally»(Flgures:Z to 6) Larvae appear
”’unable to bend the1r bodles far dorsoventrally, even durlng.
;hcapture (pers._obs ) : Rubtzov (1962) showed in a d1agram a
‘larva bendlng dorso ventrally as it looped downstream But
'larvae unable to bend laterally could not loop upstream or
even laterally W1thout flrst turnlng themselves about ‘The'
current would thwart attempts by those larvae to rotate B
pthemselves about the anal proleg Also, only by bendlng

.laterally can larvae attach the anal proleg between the

attached head and thorac1c proleg

-
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Bend1ng laterally durlng looplhg, browsing (Craig,
1977, Serra T051o 1967) and protecting themselves (Chance,
1977; Grenler, 1949) larvae keep their”bodies close to the:

‘substrate, where the current 1s slowest (Chance, 1977) .

2. 4.1 Or1g1n of lwteral bendlng
I 'suggest that lateral bend1ng durlng locomotlon is the
‘ﬁrule among larvae 1n Cullcomorpha, a taxon of flles that
‘;,1ncludes,51mullldae (Figure 42; Hennig, 1973). | |
| :Nachtigall (l965;'1974a) illustrated cerafopogonid,
b'ehirononld, culioid, and:c¢aoborldhlarvae all”sw&mming by.
lateral»bendlngs ot their bodies. bixid,larvae also bend'd
,laterally when swimm}ng'(Nacht;gall,'1965;.]934b). Except
’for CenatopOgon (Ceratopogonldae) all larvae seened at one
’p01nt durlng the1r bendlngs to brlng the end of‘the abdomen’
’t.to the head (Nachtlgall '1965“ 1974b) Atrlchopogon and
,/FOPCIpomyla, more pr1m1t1ve c#ratopogonlds (Henn1g, 1973)
hcrawl about as larvae by bendéng the1r bod1es 51deways
‘grlpplng the substrate with thelr anal prolegs, then
u:stra1ghten1ng agaln (Saunders, 1925) 51m11ar “to 51muliid"r
‘looping. Thaumaleld larvae move by lateral bendlng
h(Saunders, 1923 Thelnemann, 1909).. |
D1x1d and thaumaleld larvae llve at the 1nterface of
2-water and land breathlng the, air above the water and
grasplng the substrate below the water (Hennlg, 1973) In
these habltats, fllms of watem cover1ng solld substrates,

\perhaps ancestral for cullcomorphan larvae, dorso ventral

3
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t
9

'bendings of,ﬁhe body WbﬁldAreguirevwdfk-agaipst surface
tehsion.of the water. " Ancestral locohotion by iapéral‘
bénding‘in fiims of water could have-preadaptéd:descendants“
'(Simuliiaae).fo; locomotiénkby iatefal bendihg in slow water

" close to the substrate in rivers and streams.



o, Spinninggand,ﬁanipulation of silk by mduthparts

3.1 Introduction '

Opinions prevailedlthat a;blackafly larva spins ﬁlat"
'fllaments of silk because its salivarium is,avslit’(Debot,
1932),-that,aplarva grasps its silk with,hooks on its s
labropalatum (Hora, 1930; Grenier 1949) hand that it_cuts 2
1ts silk w1th 1ts mental teeth alone (WOod et al. 1963-
-Crosskey, 1973) I propose alternatlve mechanlsms 1n thls
chapter, and support alternate mechanlsms others have lately
proposed of how a black-tly larva splns out, grasps, and
cuts off its silk. I use "spin" in‘the.Same sense-as.Rudall
and Kenchington (l971) that is the process of extrusion of
silk w1th "...no0 obv1ous tw1st1ng of fllaments | S -‘\

A black fly larva sp1ns silk w1th 1ts lablohypopharynx,
:and through its sal1vary meatus (Cralg, 1977 Grenler
1949) ' The lablohypopharynx bears many brushes (Chance,
’1970 Couvert 1970 ‘Grenler,.1949, Purl, 1925) and a pa1r
,of short .labial palp1 (Craigt.1977)‘ | o
| Debot (1932) proposed that muscles of the. press (part
of the. common sallvary duct) pump. 51lk forward from the )
Qlablal glands through the sallvarlum and out where hooks of
the thorac1c proleg grasp the 51lk and pull 1t out still
‘farther. ‘He also 1mp11ed that fllaments of 51lk flatten as

they'pass~through the sallvarlum. L propose 1nstead that

jspinning-by maxillae and anterodorsal movement of the

29 o
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salivary meatus produce}widé, flat'filaments of silk.
Coﬁvert (1970) illustrated max1llary musctes and
external stucture most ‘clearly. Chance (1970) and Cra1g
V(1977) also descrlbed external ‘maxillary structures,
1nclud1ng several brushes, a sclerotlzed/adoral lobulate
area,'andta row ‘of lacinial7spines, Craig and. Borkent
k1980) gave an~aboralvview.ofvthe whole maxilla,dand |
described'maxillary.sensilla,'and'those of ‘the palous, in

 detail. Chance (1970) and Cook (1949) also descrlbed

i maxillary muscles, Chance (1970) reported that maxlllae

'move as larvae spin 511k, and S.J. McBr%de (in Riley, 1870)
jwrote‘that'beforefattaching the rear'proleg a larna works'
its'maxillae against the sUbstrate 1 propose that aboral
and ventral max1llary brushes and lac1n1al splnes pull silk
from the sallvary meatus and . help to apply that silk to the
..SUbstrate AR o o . f ,

Y black -fly larva can apply some 51lk to the substrate‘
and, lett1ng out a llne of silk, trall downstream from thlS
anchorage;' Tarshls and Nell (1970) rev1ewed this’ subject

" Larvae can climb back up these anchored llnes'u51ng-the1r‘

: fprolegsﬂand mouthparts (Chance,,197o;'Jobbins-Poderoy, 1916}
‘“,éurl, 1925; Wy, 1931). ‘Hora (1930) and Grenier‘(1949l |
suggested that larvae grasp such anchored l1nes (and pads of
silk) w1th brlstles of thelr labropalatal brushes

On the other hand, SlmulzumCVIttatum larvae can'grasp
.anchored lines'withltheir mouthparts and‘supbort themselyeS'

even”in'mid air, although bristles of their labropalatal
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‘brushee are ", . .not structurally suited . . . ."'(Chance,
1970, p. 27Q) for graspihg anchored lines. The labropalatnm\
;}nclodes;the cephalio fans (1ateral palatal brushes),and the
. area between ‘the stems of cephalic fans-extending
poeteriorly'to the cibarium (Harbach and Knight, 1980)l
‘Chance (1970l illustrated labropalata of S. vittatum larvae

- {n anterior and lateral views. This chapter includes

s
/

evidence corroborating Chance's observations of the veakness
of labropalagal hristles and supporting'her.conClusion.that
vblack—fly larvae.do.not grasp their anchored lines with
labropalatal brushes. : ) ,

Cralg (1977) found that larvae cllmblng the1r anchored
-lrnes of 51lk moved thelr mandlbles rapldly -and
repetltlvely._ Chance (1970) reported that larvae rarely
move their mandibles as theyvspln thelr cocoons, but.d
vaccordino to Craig (1977), theyggo.lftralgl(1977) stud{ed
the structure of simuliid larvalhmandlbles in detail."l
oresent further evldence thatnmandibular;teeth'grasp
'anchored llnes of;sllk | B

The mentum probably formed from two folds in the
ventral cutlcle (Anthon, 1943).of the-lablum (Cralg, 1969),
protects the rest-of the labium of dipteran larvae that have
) complete head capsules (Anthon,‘1943); Wood,ét al. . (1963) f
and Crosskey (19735 suggeSted that mental teeth could'out
filaments Of‘éilk The follow1ng includes a detalled study

‘of the external structure of the mentum, and glves further'

uev1dence of its role in cuttlng fllaments of~ 51lk
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Craig (1977) moved the mandibles of dissected head
capsules to'make contact“with the mentum, and suggested that
‘mandibular andfmental teeth of Simul ium oijepS are so wvell
coadapted,‘that when they meet, they probably cut filaments
of silk that the larva produces. I wlll extend'Craig's
observations to show that mandibular teeth of more typical

black-fly larvae swing past mental teeth closely, and that

this shearlng probably helps to cut filaments of S1lk

3.2 Materials‘and ﬁethods
| Rothfels and Featherston (1981) reported that larvae
fromlthe Sturgeon River (about 2b km NW of Edmonton,
Alberta) belong to the IS 7 51b11ng of Simulium v;ttafum.
. Larvae-and water from that site were ‘transported for about
an hour in buckets, then transferred to glass rear1ng tanks
(about 25 x 20 x 40,cm). Air bubbled from the bottom of
each tank circulated the water and a water bath around the
tanks kept the temperature .between 1° and 4 C. Water in the"
lbuckets durlng transport was- neither c1rculated nor cooled

r ’

Larvae were kept 1n the tanks" for up to six months. \-Growth

of,larvae reared for. over a month.in the tanks probably uas
"lhhibited because the rearing‘water was not changed and
extretory materlal probably bu1lt up Unless'indicated,

flgures and dlmen51ons are of last~- 1nstar larvae.

Developmental stage was determlned from criteria in Ross .

-

(197§Y,' These determinations could be an instar 1in error

y o
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51nce the populatlon Ross (1979) stud1ed was probably
’“f”%dj ,;' cytologlcally dlfferent from the Sturgeon R1ver populatlon.‘

Larvae k1lled for study of structure in. 95% ethanol
retracted thelr anal paplllae but protracted thelr prolegs‘f

and mouthparts l Larvae kllled by free21ng in a drop of

4

water (1n a Petr1 dlSh or on a sheet of stalnless steellv
Chllled by contact w1th dry 1ce) strongly retracted thelr
mouthparts, anal paplllae, and prolegs as they thaved. ThlSv

-was. probably because 1ce crystals lysed cellseand calc1um;'

) '

V,qutf'j;\ ~1ons dlffused from the h emolymph to muscle fllaments,.'”

ii f;?a:af:‘resultlng 1n contractlon : Larvae k1lled 1n b0111ng,'

i dlstllled water dled relaxed | A larva kllled ‘in a 3 1»“ﬁ‘
mlxture Of 95% ethanol and glac1al acetlc ac1d was:
”transferred to dlstllled water where 1ts max1llae and d'g
lablohypopharynx were removed through the foramen magnuﬁj:f

i

ac1d and the mandlbles were pushed toward the mentum
- N e

N

(Cralg, 1977) g;“jf‘gft : AR
Two larvae k1lled 1n b0111ng water were soaked 1n
E \~‘,'3f‘solutlons of 1ncrea51ng ethanol concentratron up to: 95%

@,

| ethanol One mlnute s soaklng 1n 95%_ethanbl saturated with..
Jqu1none toughened large expanses of CUthle on thoSe two
spec1mens ThlS 15 a new method a1med at lessenlng
k*wrlnkllng of cutlcle due to shrlnkage of soft t1ssue (Cohen;
u1979) durlng cr1t1cal p01nt drylng Longer exposure to |
v;:fpf.';g/”. qu1none°left cutlcle br1ttlé~and subject to buckllngQand
B ;@lhd';.cracklng ' ‘ |

P

The head capsule remalnlng was cleared 1n b0111ng lact1c-.~?“»,



‘,‘scannlng electron mzrroscooe The lablohypopharynx of a
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Larvae killedvbyvimmersiOn.in‘boiling distilled”water.~
: E R
_or by free21ng were/soaked overnlght 1n cold 4%

fglutaraldehyde 1n sodlum phosphate buffer (pH 7. 2)_1rinsed‘

R

in buffer'and dlStllled water then dehydrated in ac1d1f1ed‘
’,2 2~ dlmethoxypropane (DMP) (Muller and Jacks, 1975) thenrla

%

'5cr1t1cal p01nt dried in preparatlon for examlnatlon by

”":larva kllled in b01llng dlStllled water was removed 1n ::f;fh

:'tdlstllled water, dehydrated 1n ac1d1f1ed DMP (Bjerke et al'
, 1979)-‘and»cr1t1 al—p01nt drlec. Larvae in, 95% ethanol were'

_cr1t1cal p01nt drled dlrectls -Spec1mens were

.h“'sputter coated w1th gold and examlned e1ther w1th a

jCambrldge S4 or S150 scannlng electron mlcroscope at varlous'
'] acceleratlng voltages. Photomlcrographs were made elther on

: Kodak Plus X or Tr1 X Profe551onal 120 roll fllm

-wﬂ-

3. 3 Termsif;hj ! ’_rb,"fa;

I .

r“Harbach and Knlght s (1980)‘sta dard‘terms for . mosqulto

‘structures“ poss1ble homologles,,and‘terms of other authorsf;

hvmandlbles

/--.

Rubta;g (m 59—19647 named the Sen51lla of the lablal

Y

vgpalpus by th ir relatlve p051tlons but 1 trled to

, s ’
1homologlz these sen51lla w1th those of mosqu1to larvae, and

/

3M:to follow Harbach and Knlght s (1980) system of numberlng




’}the palpus of mosqu1to larvae (Harbach and Knlght 1980)

«35 :

"

'Lack of sockets for sen51lla S1 pa1r1ng of 52 and S3 and'

‘\the med1al p051tlons of sen51lla S4 and SS gu1ded my ch01ces :

’of p0551b1e homology ’ Cralg (1977) showed clearly that the

sen51llum called "S1" here has no socket ' Homologles

[

proposed here between black fly and mosqu1to larval lab1al

»

‘ppalpal sen51lla have only weak support Espec1ally tenuous

is the homology between ‘the m1d dorsal sen51llum on- the,

;fg51mu111d larval lablal»palpus, and sen51llum 51 dorsal to

On ‘the other hand the number, shape,_and p051t1on of rf'

‘fthese sen51lla appears stable among black fly larvae

.‘:=Couvert (1967 1970) Cralg (1977) Crosby (1974) and

..... é
,Rubtzov (1959 1964) all found f1ve é%n51lla 51m11ar1y

"farranged on the lablal palpus.g Chance (1970) reported more"

ﬁU'sen51lla, but was probably countlng other progect1ons on the B

3.4 Results

'L‘"

T » »{('

315;4,1 Labiohypopharynx .p‘_,tlr-.i.t- ,,'fff‘3’ »;_h’;Jb .'7ff~f

The sal1vary meatus 1s a Sllt across the

;lablohypopharynx through wh1ch 511k (51) emerges (Flgure 7N y :
”fThe transverse part of the meatus,_between the adterolateral

vprOJectlons (hp) of the hypoph:‘ynx, 1s am,ut 80 um’ w1de

\



'posterlorly together (Flgure 13) sowthat the meatus.(x)»and'
»,jcorrespondlng edges of the mentum are nearly parallel |
(Flgure 123) - ‘ | l
| Above the meatus,vthe hypopharyngeal brush has three
dows (r1-r3) of'brlstles (Flgure 7). Row ri extends between
the two anterolateral progectlons (hp) df the hypopharynx,_i
’about 70 um apart »Row r2 -ventral to'ry, is about 100 um
.dong % Row r3 borders the sallvary meatu; for almost its
whole w1dth ' All brlstles of row ri are branched at thelryiu
.ctlps,.some brlstles in row r2 are branched but those of rowi

‘-3r3 are 51mple Row r3 1s at least three brlstles w1de

'laterally on. the lablohypopharynx,wbut otherw1se,:;
H,hypopharyngeal row 1s one brlstle w1de | A
- Below the sallvary meatus, the dorsal pmgk |
dr(dp) w1th 1ts double ‘TOW: of brlstles (Flgure? '3#éﬁds'a;fd
1tdpfar laterally as row r3 of the hYPOpharYngeal brush extendsfd
f-(Flgure ;; | B . ' S »

Anteroventral to the dorsal brush and,medialwonlthe:

: \

prementum, lle the short lab1al palpl (Figure 75.‘ Sensil;um;v
"ﬁ[S1 of the lablal palpus (Flgure 8) is conlcal and - |
"*ﬁnnsocketed sen51lla 52 and SS 1s conlcal and socketed 'and.
°[sen51llum S3 1s cyllndrlcal and socketed w1th a conlcal t1p ;
d:dof perhaps 51x appressed flnger llke lobes : Sen51llum S4 1s.
‘socketed and shaped llke a cone squashed from one 51de
: fﬁMedlal to sen51llum SS are two rows of progectlons fn;v
fﬂ;dﬁcorrgggondlng to Harbach and Knlght S (1980) "51xth :h

sen51llum" on mosqu1to larvae. PrOJectlons dorsal and

@_3‘ .‘



' fl- flange of mental tooth,

las lac1n1a,

/

'?Figure 7. Slmullum Vlttatum larva. LabiOhYpopharyhx,oieft‘ ;
‘side, ~anterior view. _ / - o . '
’ Scale 20 am. o -~

'".Flgure 8 Left labial palpus, anterlor view.
‘Scale=4 um. : ‘ .

Flgure S. nght maxilla reflected from lablohypopharynx, S “m
anterior view: ‘ ' ‘
'Soale =40 um.

Y I

Figure 10.. Lablohypopharynx and rlght max1lla splnnlng out
silk, ventral view, - . _ T
'Scale 40 um ‘ - w Lo t R
"Flgure 1. Mental teeth right side; anterodorsal
(1nternal) view. L T e AN

Scale=10 um. S R T T

ab— aplcal brush of mamdlble,
bb- aboral maxillary brush, R U S N 3 :
ct— corner’ tooth of mentum, ,»;‘ T . LN
dp- dorsal premental brush, i S SRR T '
»ds*‘aplcodorsal maxillary sens

“hp- anterolateral prOJectlon of hypopharynx,
~hx- hypopharynx, -
. 1t3~ third 1ntermed1ate tooth of mentum
“Alp- labial’ palpus - R
mt- median tooth of mentum,’
- pb- lateral premental brush, ‘ '
S o through r3- flrst through thlrd rows of hypopharyngeal
~.brush; : S ‘ ‘ .
.osi~ 51lk ' ‘ :
’-sr— lateral serratlon of mentum ' .
through SS—,sen51lla through 5 of lablal palpus,‘“
l—‘lac1n1al teeth, :

o

~

" v=-ventral premental brush

Covme ventromentum,'

» va-’'ventral adoral max1llary brush

sallvary meatus.




|
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. |
medlal to sen51llum S4 lack obv1ous pores and sockets. Each
"palpus has a. ventral and a lbteral plate of cutlcle (Figure

). | | : A :

- The Qentral premental‘brush (v) borders the palpi
'ventrallyv(Figuref7); Lateral premental ersheS'(pbl border
on theftentral brush and.the palpi medially,'and extend |
"almost to the ends of the sal1vary meatus (Flgures 7 and 9).
Lateral brushes are dense and exten51ve (F1gure 7) The1r,.>

brlstles are about twice as long as those of the ventral'

brush, and are less branohed (Figure 7). - Brlstles of the

- lateral premental‘brush.(pb) lie'between_mentalvteeth;1n

S Figure 10,

3.4, é-Maxillae'.

Max1llae are dorsolateral to the sallvary meatus
(F1gure lé).i.A trlangular shleld of cutlcle on the lac1naa
(la) faces: the 51de of the hypopharynx-(hx _Flgure 9) 'and

aww1elds on its apex and ventral edge elght teeth (tl Flgure

~‘»}9). The ventral adoral max1llary brush (va), medlal on the

y lacinla, has elght rows of f1ne brlstles The ventralJ

aboral brush (vb) ventral and basal on the max1lla (Flgure:_‘

n1 3), has short weak brlstles p01nt1ng anterlorly Brlstles

‘f‘of the much larger aboral brush (bb) also po&nt aplcally

”(F1gures 9 and’ 13) The longestfbrlstles ofgthls brush are
';more ap1cal ‘the shortest basal (Flgure,13).” |
Aboral max1llary brushes (bb) and lateral premental

“fbrushes (pb) overlap longltudlnally (Flgure h3);' S1lk (51)
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s caught on bristles of the aboral maxillary (bb) and the

i

lateral1premental”brushes’(pb)oin Figure 10.
| The aboral maxillary and lateral prementai brushes are

at the same level in Figure 10, but apart‘in‘Figuref13,,so

slmaxillae are able to'move independently of. the

lablohypopharynx.7”

T1ps of aplcodorsal maxillary sen51lla (ds) prOJect

,ventral to mandibular teeth, and anterlor to the mental

‘teeth '(Figures 10-and 16).

3.4.3 Mandibles

Although mandibles swing on condyles dorsal to

“maxillae, teeth of adductlng mandlbles meet and cross

anterior'to the sallvary meatus The ap1ca1 tooth, (at) of

Vthe mandlble has two longltudlnal grooves (gr) one adoral
.'one aboral (Flgure ]5),’ A suture line extends from the ends, |
- of .the aboral groove (Figure»15) Larval mandlbles of other

B biack—flj/speCies have”grooVes invthe aplcal tooth (Craag,

Vo

"1977) so the ap1cal mandlbular tooth appears comprlsed of
'two fused teeth The flrst outer tooth (ot1) touches the

}Amedlal 51de of the th1rd outer tooth (ot3 Flgure 15);‘ The

second outenltooth (ot2)¢,about 19 um long, has a basal spur
(Figure 15). -Mandibuler,teeth poxnt-yentrally aﬂd_‘,t,

posteriorly, but outer teeth 'especially'the'seéond (otzj,

tp01nt more medlally than the others (Flgures 15 and 16)

Brlstles of the ap1cal mandlbular brush (ab,‘Flgure

15), arrangedeln rows and bent at their tips, point in the’

o



Figure 12. Proposed mechanlsm of sp1nn1ng of ‘wide and -

\

narrow. fllaments of 51lk - : I -
a. ventral view,

'b. lateral view.

Arrows point anteriorly. ,
TN ‘ ‘ 4

m- mentum, K
. ] ,
s

si a- narrow fllament of silk produced Qhen sa11vary meatus

moved posteroventrally,

« |
s1"b- wlde filament of 51lk produce when sﬁlivary-meatus

[

moved anterodorsally,

|
t
' i
D S sallvary meatus., o
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’Figure 13. Simulium vittatum larva. Fully protracted
maxillae, ventral v1ew. :
Scale=200 um.

Figure 14 "Mandibular teeth adducted to mental teeth
filament"” of silk cut anterior view, left 51de R
~Scale=10 um. , e o A//

Figure 15. Aperof left mandible, median surface.
'Scale 10 um. : ‘

ventral view.
Scale=20 um.

Flgure 16. Mandlbular teeth adducted to mental teeth

Figure 17. Mandibular teeth pushed to mental teeth after
maxillae and lablohypopharynx removed, lateral view of right
side. , o ‘ o

Scale 20 um,

.Figurev18 Sixth-instar larva. Bristles of labropalatél
‘brusHes, ventrolateral view, :
Scale 4 um

ab— aplcal brush of mandible,

at- apical tooth of mandible,

bb- aboral maxillary brush, : o -
cb- covering brush of mandible, - A |
ds- apicodorsal maxillary sen51llum,. A -

fl1- flange of mental tooth, o

gr— groove in apical tooth of mandible, .

~itl, it2- first and second 1ntermed1ate mental teeth
la- lacinia, :

lIt- lateral mental tooth

.m- mentum, o o =
mb- median labropalatal brush, '
mp- mid- labropalatal brush, , e

mt- median ‘tooth of mentum,
ot1 through ot4- first through fourth outer teeth of
mandible, - e _
pat—- preapical ‘tooth. of mandlble : :
pb- lateral premental brush, , o - N
si- silk, . - - '
. 8r~ lateral serratlon of mentum, '
st- spinose teeth.of mandlble,
tl- lacinial teeth,
va-. ventral adoral max1llary brush,
vb- Ventral aboral maxillary brush,
X~ sallvary meatus. ,
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same di:ection'as the fourth outer todth (ot4); This btush
(ab) cannot reach‘the mental teeth when the mandible is
aaducted ﬂFigure 17). L7 |
The right mandible in Figure 6, its apical brush

g labelled "ab", is crossed behind the left mandible. Both
were paftially addncteat"On one mandible examined, a bit of
silk covered‘the'tips of the.fourth'outer,‘the'apical and
the preapical teeth, and one of thebmandibular serrations.

The tip of the fourth outer tooth of another mandlble

examlned was broken ' ' ’ SN

3. 4.. 4 Lahropalatum |

Sirce plack-fly larvae are pfognathous, the

i

labropalatum is dorsal‘to'””h’sallvary meatus. The median

M

labropalatal brnsh (mb)fisknqsteromedlal an the labropalatum
(Figure%té). Bristles of the nedién‘brush‘emerge from
raised‘bases;'in singIe 1ongitudinal rovs of about eight B
’bristles (mb, Figure 18). Bristles of the mid—labrcpalatal
v'brush (mb, FiQUre 19) are in bunches of abbnt ten bristles,;,
arranged in two transverse rOwWS of about five ‘bristles each:
_(Flgure.18). Bristles of both brushes are thin and bent

(Figure 18).

'3.4.5 Mentum -

The mentumﬂ@sWVentral to the lablohypopharynx. ‘Mental

teeth//ﬁ/ll braced posterlorly (F1gure 17) p01nt

N
“““““
e

7/)/f//;hterodorsally (Flgures 11 and 17). The tip of each is



Figure 19, Diagram of labropalatal brushes, ventral view,
based on SEM examination.

Scale=100 um. &

apb- anterior palatal brush, :
v»lc- labropalatal comb, '

S '

mb-~ median labropalatal brush,

mp- mid-labropalatal brush,

' pp- posterior labropalatal brush.
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-nfpple-like (Ergure’14)' and a‘flange (fl) fringes the base -

anteriorlyV(Figure 11). Flanges arh thin (Flgures 14 ,16

Zjand 17) and serrated (F1gure 11)¢ Narrow notches separate

‘r'the ventromentum (vm) is . a rl'ge

nelghbor1ng flanges (Flgure ’;)/ but together they make al

: S g

'51nuous.lrne (Elgure‘14) Lateral teeth (lt) have flanges,
fbut‘lateral-serrations (sr) do hot (Flgure 17) Slnce the..

mental teeth are excavated venvrally (F1gures 14 and 17)

B R

:/“, A flrstilntermedlate too#h (1t1) of the mentum 1n"

fFiéure 17 1s broken On anjther spec1men examlned a flrst

'Jlntermedlate tooth the me‘lan tooth and a’ corner tooth .

.fwere broken

/B : o .,’S,“td:(

Larvae kllled by free21ng adducted thelr mandlbulan{,f,

vteeth past thelr mental t eth as: 1n Flgure‘j,} where theb'
ﬁrlght mandlble (1ts apac 1 brush is labelled "ab") was 8
Vpushed past the mental t etha rThe aplcal mandlbular tooth
hflts between the flLSt 'nd second 1ntermed1ate mental teeth :
‘11n Flgures 14 and 16 vaAd the fourth outer mandlbular tooth

dvdflts between the medla tooth of the mentum and the f1rst

o

'”;1ntermed1ate mental tooth The thlrd outer mandlbular tootha

'3;f%z§ on: the contra lateral 51de of the medlan mental tooth.. i
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Aphscussion. e

.3 5.1 Sp1nn1ng out f11aments of s1lk -
L Black fly larvae make flat r1bbon llke fllaments'of
,51lk (Debot 1932 Grenler, 1949) probably by splnnlng w1th |
anterodorsal movements of the1r heads, and by draw1ng 51lk ;
out w1th thelr max1llae | The 1nternal shape of the' |
sallvarlumvls unable alone to flatten fllaments of 51lk
‘.;e—51nce larvae kllled in- ethanol d1e spew1ng out rounded IX[“

filaments. of 51lk (Cralg and Borkent 1980. thelr Flgure 3)

th1cker than attachment pads (pers 'obs ) When a larva:if‘u

a h{:~ splnnlng 51lk moves 1ts head anterlorly or;dorsally to where e

the fllament s flxed the pull of the Sllk over the ;'
snowplow shaped sallvary meatus (Flgure 12) probably forces tff
some sllk out the 51des of the meatus, stretchlng the 51lk :
tllament 1nto a w1de rlbbon ’ Anter1or and dorsal movements
of the head would 1n thlS way result 1n a fllament of 51lk
S up to 280 um w1de, the wldth of. the sallvary meatus | ‘v

Posterlor and ventral m0vements of the head would force'“

'51lk 1nto the transverse part of the sallvary meatus,‘and

result 1n fllaments of 51lk only 80um w1de, or less ThlS
”“.rnarrow fllamen _would be narrower than the toothed part of
K"Zthe mentuml(10 :um), and thus be ea51ly cut there _.fhev;.

14};H shape of the :entum corresponds to the shape of the sallvarya

"'meatus and wodld help to support the prementum durlng
T;“@ splnnlng (Flg re 12) 'W]‘fp‘f'fdl,';f&

B e Bl At

s
Doy, B
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The hypopharyngeal brush 1s at’ least Stlff enough to
leave grooves 1h the s1lk fllament (Cralg, 1977) Slnce
‘brlstles of the. lateral premental brush can penetrate s11k‘
1(Flgure 10) and since brlstles\ot the dorsal prementa} and
hypopharyngeal brushes are stouter and less branched

« brlstles of the hypopharyngeal and dorsal premental brushes[

'below ‘and above thevsallvary meatus probably penetrate silk

@

and prevent 1t from retractlng 1nto the 1ablohypopharynx, aselli
.nGrenler (1949) proposed . ' |
"( = 1,2Dur1ng splnnlng, the lablohypopharynx moves frequently"‘
ta(Cren1er, 1949) Ventral and lateral premental brushes
‘”would help to apply 51lk onto the substrate Premental
brushes also appear to keep the fllament of 51lk from belng
‘caught on mental teeth whlle 51lk is belng spun (Flgure 10)’F

S o
“‘mhe max1llae and the lablohypopharynx can move'

N 1ndependently; the lac1n1al shleid slldlng on (Flgure 9) and

(Flgure 13) the 51de of the hypopharynxn5 Slnce brlstleS'

of the aboral max1llary brush can penetrate 511k

)protractlng max1llae could help to draw 51lk out of the

, , & : .
SldeS’Of the sallvary'meatus- ThlS could explaln ther~

-Vobservatlon 1n Chapter 2 of max1llae mov1ng when larvae were,fi-

applylng 51lk to the substrate, and 51m11ar obServatlons of
Chance (1970) and McBrlde (1n Rlley, 1870) Th1s could helpg
'galsp to w1den fllaments of 51lk - If the fllament of 51lk 1s
tcut at the mentum and does not retract 1nto the sal1vary
z’g‘meatus,’the lac1n1al splnes could grasp the free end of the:'
;{f“,fllament when the larva starts to spln 51lk agaln | :

"\\ ‘. .
N



7lateral borders of the sallvary meatus (x),

d3 5 2 Grasplng s1lk w1th mouthparts:v

Thls/study is the first to describe the ventral aboral

: brushes of the max1lla Lateral premental brushes would

.
probably take partlcles of food that these brushes gathered

cbut ventral aboral brushes more llkely help sp1n 51lk out o

the sides of the sallvary meatus. The ventral aboral

'bruShes'(vb) in Flgure 13, are dlrectly anter1or to the

p
l

-
Sen51lla of the lablal palp1 and- the galeae

(aplcoventral and aplcodorsal) could sense whether food or

p51lk covered the substrate. Sen51lla of max1llary

palp1 of larvae backlng cephallc fans probably touch ‘the

substrate'(Cralg and Borkent 1980)

S ’ o e

,Black fly larvae can probably grasp pads and anchored

zt11nes of 51lk w1th the1r outer mandlbular teeth

L w-*‘:'Say/S verecundum Stone and Jamnback 5 deconum Walker

'Hora (1930) and Grenler (1949) thought that larvae

’sp anchored llnes thh thelr medlan labropalatal brusheso'c

.ibut brlstles of these brushes appear too weak to bear forces‘

. x

bf drag on. larvae attached only by anchored llnes Chance

’_¢(1970) also found 1abropalatal br1st1es of Slmullum venustum' ‘

.Cnephla dacotensxs (Dyar and Shannon) qunnza biclavata
'ﬂ'Shewell [ TWlnnIa nova (Dyar and Shannon) (Wood 1978)] vand
K:PPOSImullum tPaViSI Stone larvae too weak for grasp1ng ‘

;anchored llnes of 51lk On the other hand medlan brushes

-~ ,Jv
¥



~are so dense (Grenler, 1949) ‘that if they worked together,'

br1stles could perhaps share 1arge loads w1thout damage.

Peterson s-(1977) flgure suggested that the posterlorl

" comb (pc) of Slmullum VIttatum larvae is paru of the medlan

labropalatal brush (mb Flgure 19), but results presented 1n‘

- this chapter agree Wlth those of Chance (1970) who found the':"

medlan brush and the posterlor comb are\separate
.Larvae addUCt thelr Cephallc fans before sp1nn1ng or

grasplng 511k w1th thelr mouthparts (Chapter 2) Adducted

-,cephallc fans cover the poster1or half of the labropalatum

,1

“(Cralg, 1977 h1s Flgures 3 and 4) Slnce the medzan brush R
is: on the posterlor half of the labropalatum (Flgure 19)

dgﬂcephallc fans probably cover: that brush when larvae are

holdlng onto llnes and pads of silk w1th thelr mouthparts

: Because the brlstles of labropalatal brushes are weak

u"‘

'5and because they are tovered by the cephallc fans when o

'flarvae sp1n and grasp 511k w1th the1r mouthparts, black fly

Y

.larvae probably grasp pads and anchored lines of 51lk w1th
‘bf”other mouthparts The lab1ohypopharynx probably does not
‘J:grlp anchored llnes because all of 1ts br1stles p01nt
1anter1orly, out from the sal1vary meatus If the press,ln
’Tthe common sallvary duct restrlcted the flow of 51lk thls,*
"'pwould only hake the 11ne thlnner . Mental teeth also po1nt
';-janterlorly,:the d1rect1on that anchored llnes are let out :.Y'Uu
'.Chance (1970) suggested that mandlbles and max1llae hold
'nanchored llnes, but the only strong max1llary structures are”'

f’ the lacknlal teethf and these p01nt anterlorly ’

e

N "
T



" Since mandlbies cross. when adducted at the same t1me,

and 51nce outer teeth p01nt medlally, the outer teeth must

%
F‘

"meet at some p01nt anterlor to the sallvmry‘meatus, and thus
'perhaps grasp anchored llnes of 51lk ' ThlS would eﬂplaln
Cra1g S. (1977) observatlons of larvae adductlng thelr
'mandlbles~whlle'cllmblng the1r anchored llnes. Sllk found
~on mandlbular teeth also suggests that theSe teeth handle
‘511k,~ On the other hand, if outer teeth brake anchored
lines'of-sllk the lines'could.damage coverlng brushes of

the mandlble (cb Flgures 15 and 16) ly1ng over those teeth.

: \
‘xBecause they swlng through w1de arcs, mandlbles would be the

,l.mouthparts best Su1ted for/gather1ng the anchored llne whllef f

= the thorac1c proleg held it, and the aplcal mandlbular

~ sensilla that Cralg (1977) ment1oned could help larvae to

'ﬂ,know when thelr mandlbles had found an anchored llne.,

R e
B , -

r)3 5. 3 Cutt1ng fllaments of 51lk Lo .

Black fly larvae probably cut fllaments of silk w1th

-thelr mandlbular and mental teeth

| The cut strand of 51lk (51) behlnd the mentum 1n Flgure'
lilé supports the suggestlons of Crosskey (1973) and Wood et
':al (1963) that mental teeth cut fllaments of 51lk
'Observatlons here smmgest that the sharp, serrated,flanges“
.of mental teeth a1d the cutt1ng of 51lk Although |

. nlpple llke, t1ps of mental teeth are probably not sensory

:'Cra1g (pers comm ) found neurons extendlng to-

/o
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-~1n'E1gures 16 andi]4

Mental teeth and labial;brushes.appear‘to clean each.other

(Figure 10)-of food or silk. _Labial brushes probably clean

the mental teeth as the prementum‘is protracted, and mental

teeth probably clean labial brushes as the prementum is

retracted. | o o \

S1nce they barely reach them, bristles of aplcal

fmandlbular brushes probably do not clean mental teeth

¥4

‘Larvae could instead browse the substrate w1th their apical
: 'brushes (Cralg; 1977° Ross and Cralg, 1979)~ Scrubblné the.

i substrate and gatherlng partlcles dlslodged by mandlbular

teeth would su1t the bent tlpS of. these brlstles ‘ An aplcal

‘=;brush could also clean the oral 51de of a mandlble crossed

_over 1t._

[' Mandlbular teeth sw1ng past mental teeth meshlng with

‘them. Larvae could break mandlbular and mental teeth whlle
scraplng the: bottom but poor meshlngs of teeth at other A

'p051tlons along the. mentum could also explaln the broken

13
teegh observed' When at ‘the mentum mandlbular teeth p01nt

in the opp051te d1rect10n to mental teeth (Flgure 17)
theshlng of mandlbular and mental teeth and cuttlng of
f1laments of 51lk on mental teeth 1mply that nandlbular andr_
t mentalﬁteethgshear f;laments of silk between themf ‘

: Mandlbular and‘mental'teeth‘would!oerforate filaments of vh‘

“'silk and the nandibles_@ouldHhelp;to stretch silk over the.

txj.‘.:
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‘F;gure 39) found for 'the left mand1ble of S tah;tlense

WMCouvert (1970) shows a- mandlble swinging near contra- lateral

mental teeth If not an. artefact this mandlbular position

could}allow preapical (pat) and spinos

» teeth (st,‘nguréA
15) to swing past mental‘teeth, perhap: when mandihles.
addUct‘Sne at a time. On the other hapd Craig (1977)
showed that splnose teeth probably clepn max1llary brushes,
and oppose the lobulate area of the maX1lla.’

| The’shapes of mental teeth e g[ Crosskey, 1969;
?eterson, 1970) and mandlbular teeth (e g Crosskey; 1969)
arebtaxonomiCally useful ' If theSe tJeth mesh tOgether,
\d1fferences of mand1bular shape shoul 'correlate with
'dlfferences of méntal shape ‘Perusal ovarosskey‘s (1969)
1llustratlons of mandlbular and ‘menta 'teeth lend tentatiye
support to thls view.. On ‘the other hand, ,shapes of ' "~
mandlbular and mental teeth can vary 1ntraspec1f1cally
(Copvert 1967), perhaps maklng these!correlatlons dlfflCUlt
to establish. o | ‘ L !' »‘~ |

Opp051t1on of mandlble and nentqm is, probably

w1despread among eucephalous dlpteran larvae Mandlbular;
teeth of Chlronomus plumosus (Ch1ron?m1dae) 1arvae sw1ng'
past mental teeth and collect. detrlths Gou1n, 1957), andk
Darby (1962) h1nted that CFIcotopus kChlronomldae) larvae
grated fllaments of algae between mapdlbular ‘and mental
':teeth Mandlbles of. ch1ronom1d and Lu11c1d larvae sw1ng
.obllquely-llke those of s1mu111d_larvae (Cook,‘1949), and

',} mandibles ofsthaumaleid (Schremmer,'195J; quoted'in Hennig,"

Ce



56

1973) and ceratopogonid (Saunders, 1924, 1925; Lawson, 1951)

'larvae swing: vertlcally ‘“Larvae in all of{these families

could cut fllaments of algae between mandlbular and mental
teeth Chlronomld larvae could also cut fllaments of their =

own silk in th1s way.

i

0 0. 1 Further work

N
- L

Inferences in thlS study about how larvae spin’ out
thelr 51lk grasp’ onto 1t, and cut it off were based on
shapes and relative positions of structures. _Dlrect

observationsiwould test these inferences, and high?soeedf
c1nemacrograph1c records of larvae splnnlng pads and ;/' N

N

anchored llnes of S1lk could prov1de these. observatlons

N
.



silk (Chance 1970 Planchon, 1844) from its

~ Grenier, 1949) .

4. Structure and function of ‘the thoracic proleg.

4.1 1ntroduct1on
Wlth its thorac1c proleg, a black fly larva can pull .
|

labiOhypOpharynx (Grenier, 1949), or attach itself to a pad
P _

"of silk (Chance, 1970; Gfenier, 1949; Smart, 19345//of4heldi

onto an anchored line of silk (Puri, 1925; Hofa,'1930;
, : j -

ES

~ This proleg, an.unpairea'mid—QenEral extensiOn'of the

prothoracic segment (Grenler, 1949 Hinton .1955; Puri,

1925) “bears an aplcal c1rclet of hooks that grasp ‘the’ 51lk

(Grenier, 1949) Prox1mal to the c1rclet (Grenler 1949) i

are a pair of lateral plates [= lateral sclerltes (Crosby,

1974"Wood eI_a]., 1963)], w1th brlstles on the dlstal edges

éGrenler, 1949- Horaf 1930 Puri, 1925) Taxonomlsts

descrlbe dlfferences in size and .shape of these plates ‘and

sometlmes use these d;fferences as key characters~(e. g..

ﬁPeterson, 1970).

Larvae can protract the dlstal artlcle Qfethe"proleg to .

reach the-mouthparts~(Hora, 1930; Planchon, 1844; Tonnoir,

‘1923),‘df retract it below the level of‘the distal edge of,.
" the inflected‘preximal~a;tigle (Puri, 1925, his F{gure 2).

Hooks,-pointing.radially,fafeipullea_oat of silk.wheh a

larva rétracts the apex of the proleg,~and'afe forced into

:Silk.when‘a larva allows-H§dr05tatic pressure to.protract

' . 57
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and expand the>apex (Grenier, 1949) . e
Since Grenier's study, morpholbgists have‘largely -

ignored the thoracic proleg,cfut there are good reasons for

‘further study. ~ For example, Grenier (1949) mentioned two

gaps in the circlets of hooks, but no one has yet

4

illustrated them. Also, no Qne‘has yet proposed a func{ion

vfdr}the lateral plaﬁes and their fringing bristles, other

than as giving support to-the distal articie (Hora, 1930).

,Fufther} while anél_prolegs of blackffly 1arvaé are

well—suppliédhﬁith.ex;ernal~mechéhoreééptivé sensilla

(Gfenier, 1949; qutzcv, 1959-1964"), no one has described

sensilla from the thoracic proleg:of any blackaly larva.
This study of:the external structure of thoraéic

prolegs of Simulium vittatum lafVae‘revealed:

e thét,bristles of 1atefal plates could help larvae detach

-théirlthpraqicjhooks from silk, and
2. a pair\of campaniform’sénsilla on thé_posterior‘surface,
jgst %ﬁEside of the,circletxéhat coﬁld inférm_the ia:&a
of tension in thé buticle whén the hooks’arevattacggd to f
o ‘ - S :

silk qr,when the apeX'of.the proleg is retracted. .

4.2 Matérials and methods

‘Materials and methods were thé<same as those in Chapter
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4.3 Results _

‘Posterior (pg) and anterior gaps (ag)~(Figures 20 and
21) in the circlet of hooks of the thoracic b;oleg split the
c1rclet in two (Flgure 24). While tines of hooks point
radlally,'rows of hooks cross the c1rclet (from inside to
outside) obllquely (Figure 21) Anter1or rows slant away
from the anterlor gap, and posterlor rows in thelr ‘turn.,

'slant toward the posterlor gap, that is, -the outer hooks of

\rows beside the posterlor gap (pg, Flgure 20), are closest in
thelr rows to the gap) but the outer'hooksAof FOWS be51de
the anterior gap (ag, Figure 21)bare fatthest frOm'the’gap.
“The f1rst two or three rows to e1ther side of a gap have
fewer hooks than do the other rows. (Figures 20 and 21)

Hooks of ‘the thoraC1c proleg have ne1ther tubercles nor
serfatlons (Figure 20): they are smooth. Bases (ba).of
hooks are raised above the~level of cuticle that supports .

"and, connects them (Flgure 20) IR -, g

Lateral plates (1p)are less flexible than the

surrounding cuticle (?igures\gl\and 23). "Bristles (bi)-

arise stiff and straight from the plates in‘groupsd
tour (Figures 21, 22'and'23) and are i ined somewhat

medlally (Figure 23). Abouy 'ghteen rows of hooks on a

proleg are adj _ to bristles of lateral sclerites. The

lv es 11e between the S1lk and the bases of hooks when
hooks are protractedvlnto-sllk (Figure 22), but contlnue to"‘

‘pgﬁnt distaily,when hooks, afe.retracted?(Figufe‘23). |

- .

- .
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Figure 20.

distal article, posterlor v1ew.w

. "ﬂ: .
Scale=10 um. - o,
S .
Ry |
'Figure 21. Thoracic.proleg, distal article, anterior view, '
Scale=20 um, \ T f ﬁ - ' \
Figure 22, _Fifth—ihster lerva, thoracic proleg, distal S H
e ' SR o . : '
article, postero-lateral view, right side. '
Scale=20‘um. , ‘
. .
Figure 23, Thorac1c proleg, apex retracted ‘anterior view,
Scale 20 um. \
ag- anterior gap in circlet of,hooks,
= i I .
bi- brlstle of lateral plate, ’5/ B : R A
. ‘,/z/ . R ‘-. ' g_“ . v . .7
N . cs- campanlform sensrllhm ' , , : IR

pg- /Eggteffgg/;;p in clrclet of hooks,

,//;/////Eﬁiflateral plate, " - ﬁ“ - e — i ““ ';: ,

si- silk. - - a ; L _ “
-/ ‘ . o 7 :" . } s o :' . “tq-’}_v.







' On‘each'side7of the'posterior midlinerchalfway tof;he*:
base of the posterlor most brlstle, 1s a campanlform

sens1llum (cs, Flgure 20) each w1th a shaﬂp edged socket

)

’"’rf (Flgures 20‘and‘22)“-‘These sen51lla 11e in transverse .
depre551ons in the cutlcle (Flgures 20 and 22) and, when a

fold of cutlcle covers 1ts dlstal 51de, can appearfv

)

e"D"—shaped (Flgure 22) rather than c1rcular -or oval (FlgUEEl,;“
/ B . B

20)

\
o)
R

‘-i 4. 4 D1souss1onhpdu*?t:j]*dl{”f.p ;f.llo,phj;_‘v_x;hf ,j'g.fhrt
Whlle hooks of! anal prolegs have seoondary tubercles
' ;:f;fj;i | (Flgure 28) ooks of thorac1c prolegs are smooth (Flgure:fh'
"4‘:ﬂﬁﬂpd_id722l, and should mové through 51lk ea51ly : Unlmpeded
s ..'retractlon from stlcky (Chance, 1970) fresh 51lk should save:
larvae energy,rbecause thorablc hooks grasp only fresh 51lk

Brlstles of lateral plates could also save larvae

o

”:~energy by holdlng elastlc fresh 51lk down whlle hooksauh
¢

| -retract Pull of muscles Md and Mv2 (Flgure 24) r1g1d1ty

i

: a:ﬁ$<g~of lateral plates, and push of 5urround1ng reflexed cutlcle
" 5 vof the prox1mal artlcle (Flgure 219 would help to keep the h;
| dlstal art1cle7cy11ndr1cal Lateral plates, part of thlS f
o cyllnder, cause the brlstles they support to p01nt dlstally x\'
x! When larvae\protract thelr thorac1c c1rclets dur1ng | ‘

r“d}attachment to sllk brlstles would 11e down among lateral
hooks that 1mbedded 1n the 51lk (Flgure 22)'“ when muscles

,%a M1 and M2 (Flgure 24) retract the apex of the proleg dur1ng

Vw. i L . R T . : ) . REAEIE . \
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detachment (Grenier5‘1949) central"hooks move-further from

"

" the. 51lk than do hooks nearer. the lateral plates (Flgur%

'»prolegs coukd reqyi é extra energy and effort becaus

.ﬁbrlstles of lateral sclerltes touch hooks 1n only a but

iEfnoted a'ff_{

23); Brlstles of lateral plates could then help to

extrlcate these out51de hooks from the 51lk because, even

N

".durlng full retractlon of the apex, brlstles p01nt dlstally

;-Detachment d@ anterlor and posterlor hooks of thorac1c

€ ‘\}, R . »-q _4// Cow

r" &

LAY

elghteen of forty totaL hook rows , Hora (1930 212)

S : gl '
aigsudden sharp pull har” when larvae :

LN

.detached thelr thorac1c prolegs from s1lk so apparently nothijl

all hooks are free after larvae retract thelr c1rclets

Campanlform sen51lla on thoracac prolegsyprobably

";detect stresses on the apex of the proleg, especlally from‘

e
‘A

'_muscles Mv2 (Flgure 24) when these muscles pull on the @_‘v

"c1rclet through the area of utlcle where these sen51lla“‘

) o ST
lie. Durlng thelr looplng locomotlon, larvae keep R

’yythemselves attached w1th posterlor hooks of thorac1c prolegsh

while’ they brlng thelr anal prolegs from old to new,?':

“attachment pads (Chapter 2) Sensory 1nput from campanlformf
'fsen51lla about tenS1on 1n the. cutlcle between poster1or

thooks and lnSerthan of Mv2 musclesg(?1gure 24) could assuref75

larvae that thelr thorac1c prolegs are: securely attaChed

fs1nce thorac1c prolegs of'blackhély larvae appear to have not.m

- i

| other external sen51ll%k scolopOpﬁ%rous sen51lla and other 4ﬁi;5

’ +

Q

stretch receptors should b present 1n thorac1c role s.f
P g

¢
. . . L q v o . _L} s



~Fiqgure 24, . Diagram of muscles of thoraCic‘ptblég, 1eft~.

'side, based on Grenier (1949) and Hinton (1955, 1963).

vcs%—campaéiform Séhsillum;l*' 
i- muScui;r insertion,v

Md, Mvz;'M1,*M2f mu§c1es, 
pl- lateral plate, .

. te- thoracic, circlet of hooks.
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L This'ié the first sénéillhm'fepofted from £he thgéacic
.proleg of any chlronom01d larva. Campanlform sen51lla could
kbe useful for test1ng¥homology of thorac1c prolegs w1th1n"

| 'Cullcomorpha, since Cralg (1974 1977) and Cralg and Borkent
(1980) found sen51lla useful in determ1n1ng homologles of

structures;of mouthpgrts among larvae .in Cul;comorpha.,

‘{:m
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; jattached (Cameron, 1922)- and because dead larvae can be?w

R
g

5, StruCturedgmd'function of the anal‘prpleg

.
o

5. 1 Introductaon

When a’ black fIy larva fllter feeds, it 'is attached'to

]

the'substrate by hooks of its anal proleg imbedded in a pad

. 1"'
1tse%%iout of the prev1ous larval skln, the exuv1ae stayv‘

e

Loy
W

found Stlll attached by thelr anal hookSc(Wu, 1931) No one dl
has yet explalned why hooks of exuv1ae ‘and dead larvae stay |
fastened to pads of 51lk I propose that tubercles on anal
hooks help to. keep hooks 1mbedded 1n pads - of 511k ’ F“ L
. “ Two d1sagreements about anal prolegs of black fly

larvae have not been resolved , Flrstlig Puri 1%25 and
Grenler (1949) mentloned and Hora (1930) showed the presence'

e

oﬁ anterlor and posterlor gaps‘ln anal c1rclets of hooks.’
Yet Dumbleton (T962) stated that anal c1rclets of hooks are
contlnuous along the_mld‘ventral llne. I w1ll conf1rm the
ex1stence of both gaps . | 1' | |
.hw_'tThe second“dlsagreement concerns the number of-apparent
larval abdomlnal segments and to whlch segment the anal
proleg belongs. Pur1 (1925) counted elght and Peterson

(1978 p 334) called the fused ventral pap1£lae of

Stegop#erna mutata the'"mld ventral bulge of segment 8" . on f
e 6%
@r .i.*‘n ./‘ ' & ’.“ »
* \. /
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- the otherfhand‘ Hinton (1955) stated that larvae had nine
| abdomlnal segments. Kblllker (1842) found ten. abdomlnal
segments in black fly embryos, both Mecznlkow (1866) and

. ) -
' Craig (1969) found nlne. Pupae have n1ne abdomlnal segments

(Crosskey, 1969). d Matsuda (1976) suggested that the nlnth
apparent abdominal segment repr§Sents th%_true tenth segment

of larvae, pupae, and adults of nematoceran fl1es,~the*

elghth apparent segment belng made up of the elghth and, -

nlnth true segments None of these authors showed prec1Sely

‘where thms segment beglns for black fly larvae I propose
5an@1ntersegmentalvllne forethe beglnnlng of\the apparent
ninth abdominal segment. .

- Anal prolegs of black fly larvae of nearly all spec1es '

s bear scler 'S prox1mal to. the c1rclets of hooks (Gren1er
| 949)f‘ Dumbleton (1962) showed some of the var1at1on ‘that
c@nfoccur in these anal sclerites, and Crosby (1974)\ |
descrlbed and,gave terms for deta1;° of &hﬁﬁgﬁqgructure

A
\.» i) .
Grenler {1949) studied the anal proleg comprehen51vely

'and suggested that anal scler1tes help larvae to pull thelr
'1anaL hooks out of silk. But the mechanﬂﬁm of detachment

,that he suggested would have hooks team'ng through i PN

DT %,.

qﬂattachment pads of" sxlk -or pull1ng 51lk off of the substrate»w

because anal hooks be51de the anal sclerlte p01nt toward
- : thlS sclerlte. ‘Such a detachment could requ1re ‘much energy,
'_A:t ";:and T wlll show (Chapter 6) that vacated pads of silk are

nOt torn. I w1ll propose 1n thls chapter a new. mechanlsm

N

and functlon for the anal sclerlte



5.2,Matefials and methods

\\M

Materialsaand methods are those described in-Chapter 3,

w1th the follow1ng addlthﬂS

Abdomens of larvae kllled 1n» thanol were soaked'in
alcohollc e051n, examlned w1th a W ld M5 stereom1croscope,
and sketched w1th the help of an e eplece grld - Temporary
sllde mounts of anal sclerltes and permanent mount's of
\abdomens were examlned with a Leltz SM LUX compound
vmlcroscope and sketched w1th the ald of a camera luclda

~;mounted on the m1croScope | Polarlz}ng fllters aided the

?-Search'for muscles.d Angles between\muscles and between arms
of anal sclerltes were measured from the sketches |

A larva kllled wlth b01l1ng wat r wh11e attached and
feedlng insige* a beaker of stlrred Sturgeon Rlver water dledf
still attached : The dead larva was then detached, prepared

"as Bﬁev1ously descrlbed ‘and;examinedyby scanninc electéchﬁf

mic rOSC Ope ) . S [\
5 ¢ 2 . 1 Terms . . ) Ca

‘anal‘proleg,x

5.3 Results
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gap (ag, Figure 27). The outer hooks in rows beside an
anterior gap (ag, Figure 27) are closest to.the gap, but the
A uter hooks in rows beside a postgrlor gap (pg,’Flgure 26)

'are farthest from the gap. That - is, the flrst two or three

h;ﬂbg T
Ty

rows of hooks to ‘either side of a gap 1n the anal circlet'of
hooks have fewer hooks than do other rows (Flgures 26vandv
27). o L
The base (ba)Jof ‘each hook is rounaZd and ralsed above
;ts supportlng CUthle (Flgures 27 andeBS Whlle the tine
of an 1nner hook in a row of hooks 1snshorter than its base,
the tlne of an outer hook is longer than its base (Flgure
'27)f, Hooks central in_a row bear up to seven tubercles (ht;’

" Figure 28) whlle hooks at both ends of .a row bear no

tubercles (Figure 27) o |
T

TheVareafof cutlcle'pOSteriorhto the anal organ (ao;
VtFigure 25), and between the anterior arms of the'anal
‘isclerlte (ar) is bare of brlstles and tubercles (Figure 26),
and convex (Figures 25 and 26) :Scales of the anal scler;te:J
,Kf' 'F1gure 26, ~isible with l1ght microscopy, cover_the
cutlcle be51de the anterlor arms. Up to six short anal'
sclerlte sen51lla (as, F1gure 26) have thelr sockets on each
51de of the mldllne of the anal sclerlte.(ml), at the bottom
of avv—shaped longltudlnal depre551onf1n the sclerlte
(Flgures 25 and 29a) Seven 51m11ar sen51lla (as) 11e 1n a
rowjbetween each posterlor -arm and the adjacent hooks of the

proleg Laterodorsal expan51ons (lx) of the proleg hang

‘, over the posterlor arms (F1gure 25) and out beyond the t1p5‘~f

y



‘Scale=100*um.

- ml- midline of anal sclerlte

-sc- scales of anal sclerlte,

~ vp- ventral pap1lla;_

i

‘Figure 25. Simulium vittatum larva. Anal proleg,

postero-lateral view, right side,
Scale=200 um, :

Figure 26. Anal proleg, posterior view, anal organ
retracted, .

o€

'F1gure 27. Anal proleg, anterior midline.

Scale= 20 um.,

Figure 28- ‘Hooks of anal proleg.
Scale=4 um. .

af- anal flap,

' ag- anterior 'gap in circlet of: hooks,-

ao- lobe .of anal organ, .

ar- tip of anterior arm- of\anal SClerlte,
as- sensilla of ‘anal sclerlte\\\ -
ba- base of hook, . _ -
db- debris, ‘ , P s
fc- flexible CUthle, » S

ho- hooks of proleg,

 ht- tubercles on :hooks,

1x-. latero-dorsal expan51on, ' - '
L1 through L3- furrows in abdqmlnal CUthle,

pg- posterior gap in circlet- of hook .
pr- tip of posteridr arm of anal scl&pi

si- silk,

SRt : . - - ' ’ ¢

"






of the posterior arms ‘"igure 2§b). More then thirty‘
setifofm sensilla are spaced evenly over eech‘laterbdorsal
eipénsiép (Figure 26). |

Three furrowe (L1, L2,=and L3; Figure 25) circle the
“abdomen anterigr to the anal heoks.c Along furrow L1, an
area of flekible CUtiCleA(fC)‘abUtS less flexible‘eﬁticle of
the eighth abdominal eegment. Furrow L2 marks Ehe'aneerioru
margins of thefventral papillaeA(vp) and the anal flap (éf,‘
Figure_25) whlch covers the anus and the anal organ
~ Furrow L3, posterlor to the ventral paplllae, ‘extends almost
to the tips of the anterior arms (ar) of the enal iclepmte.
(Fiéu?e 25). | | “ |

In dorsa;‘vieQ, anterior arms,'of analfecleribesvefe
vab0utl45;‘to ﬁeete;ior,arms on the same sjae (Figuregzée).

i

MdscleS‘MZ (Figufe 29b) run about 40°‘toleach\other; muscles

dﬁﬁ,M1'(Flgure 29b) run aboutk15° to éach other : Tiﬁé"of

~

posterlor ‘arms (pr) .are near the eleventh row of hooks from
the po§£er10r gap (pg) in the c1rclet (Flgure 29b). & pair
'bf mu5cles that Grenler (1949) descrlbed as extendlng from '

. the two 1arge retractor muscles 1nsert (i; Flgure 29b)

1n31de the’ c1rc1et“of hooks between the - fifth and tenth hook
r'rows on each 51de from the posterlor gap ‘in the c1rclet

e(pg) Grenler (1949) d1d not show thelr 1nsertlons w1th




Figure 29. Anal sclerite. " o - ,T‘“, oo
a) dorsal view,‘,
b) posterior view.

Scale=100 um.

5,

~af- anal flap, ..

f anal sclerite,

" tip of anterior .arm @

‘ho— hooKs,
i- insertion of.dorsal.internal mQScle of circlet of hooks,

O 1lx- laterodorsal expan51on of anal proleg,
M1,(M2-’anal sclerlte muscles,l' ' \
pc— plgmentedjfuticle, o ‘f g |
5 .pg- posterlor gap in circlet of! hooks, ; i,» ' -
pft t1p of posterror arm - of anal sclerlte,f - 'gf;'

. [t a . v
Tt tear in anal flap to allow flattenlng oﬂ anal sclerlte.

v . ° Lot o . s ] ~
. ' : Tt ° T
N

-7



g
c’f:"‘jlll

"
:’" j”d
/l//
i

.75..: ,

T “_4‘“.




\ f‘flex1ble cutlcle (fc, Flgure 25) vas folded up.’ The

“posterlor arms.

'alcohol preserve

usclerltes folded &long

, hooks at the t1ps of t@e posterlor arms bf the anal ’7;

Pjsclerlte

.* 5.4 Discussion
‘."/ " T : n S - i : e ‘.

;;'anal prolegs as arrange

1allows many long hooks 1n a Tow to work together w1thout

~ :
i

*%posterlor\arms of . the anal scler1t\\yere 180° to. each other,

1 . .
3 \\ Y

80! the attached c1rc1et“had a'"D" shape 1n ventrql v1ew the,

"kstra1ght part of the - "D" belng the c1rclet along the

N

\"

When the cut1cu1ar areas 1n51de c1rclets of hooks of

‘arvae were pushed anterlorlf, the anal

ei?\féngltudlnal mldllnes and =
H '\ . ’

”"5,m1d11nes moved anterlor to tlps of the arms.. On larvae that'

< - 8 S o L . . S e

: n5 4 1 Hooks of anal proleg

Pur1 (1925) 1mprec1s ly descrlbed hooks on thorac1c and

.in~"rad1al" rows. Tlnes of hooks

fp01nt more or less radlally, and 51nce hooks po1nt to one
;,51de of . thelr rows, the rows. are not radxal but obllque

‘:The arrangement of hooks to p01nt to one 51de of a. row

I.

dlnterferlng w1th each other.; More hooks 1mbedded deep in.

, the 51lk glve larvae more rellable attachment

°.~,'

BT

"',dled w1th strongly retracted anal prolegs, the hooks at the,”‘

,,gposterlor gap (pg) were pulled dorsal and anterlor to the i

‘ .



.fprolegs, rows of hooks extend toward the respectlve gaps as-

',are usually tHe dowﬂsf,\\m-gaps when thelr respectlve

B

ft1n pads of 511'

At posterlor gaps 1n c1rclets of hooks of thorac1c

\ ;
prolegs and anterlor gaps 1n c1rc1ets f hooks of anal“

.the Tows cross the c1rclet from 1n51de to out51de./ These

"'

Zprolegs are attached (Chapter 2) DoWnstream hooks re51st

{most oﬁ the horlzontal forde/of the flow1ng water on larvae.

S

T .

‘ﬂThIS arrangement of/rows could keep contra lateral hooks at

,/_

downstream gaps from 1nterfer1ng w1th each other

(e \.. . )

Thls‘study 1s the flrst to report tubercles on hooks of

-'black fly prolegs. These tubercles could have been

‘o'&

’overlooked before because 1t ‘is dlfflcult to 1solate and

! ' '( i 4

-’gfmount a hook ‘on qts s1de for llght m1croscopy and because

Fa 0’ i /

”T‘hooks obscure e ch other.‘ Tubercles on hooks probably 1mbed

and help to keep these hooks from retractlng

 once. 1nserted (Flgure 30) : ThlS helps to expla1n why

\

'Lexuv1ae (Gameron 1922) and dead larvae (Wu,‘1931) stay }

'l

‘attacwed ' W1th no pull at the centre of the anal proleg to

.dlsengage the tubercles from the pad of 51lk the hooks

o,probably cannot workvloose, Larvae hav1ng hooks w1th

_cles would spend llttle energy ma1nta1n1ng thelr

rattachmen\s{g Wh1le thorac1c hooks would save ﬂarvae energy

. by belng ea511Y\retracted from stlcky (Chance, 1970) and

.felast1c fresh 51lk\\\hal\hooks would save larvae energy by

s

ifStay1ng attached in older (less stlcky and elastlc) 51lk

RN
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5Figure 30 Dlagram of‘gttached hook of anal proleg, lateral
ﬂ .

"'v1ew, w1th tubercles on hook- 1mbedded in pad of 511k - “°ﬁ

7;Arrow p01nts to centre of c1rclet

_ba* baSe of hdok. ". e T S

Hht—.tubercles oh hook

“si— 51lk | '_;' , i'f- ..;A' ~ e ‘f\






":5 4, 2 Scales of anal scler1te

80

RS

~‘Scales of the anal sclerlte (sc, Flgure 26) could help

vto clean the two lateral lobes of the anal organ, because‘
N

Vlobes of . the anal organ protract and retract over them.
Scales. of the anal sclerlte 1n Flgure 26 caught a fllament

‘of -debris (db) stuck under ?Pe,anal flap'(af), .
5.4.3 Sensxlla of anal proleg e o
;f Dur1ng attachment mechanoreceptors on the laterodorsalg‘

P

: expans1ons of the proleg prdbably respond to contact w1th
-therventer of the head capsule. Anal sclerlte sen51lla (a§4;”
'beside'the c1rc1et could aﬁso tell larvae when the poster{or
*m1dl1né ‘of the c1rc1et touches ‘the substrate., Sen51l}a (as)‘

{ialong the mldllne of the anal sclerlte are d1ff1cult to flnd

"'3dby 11' t.mlc oscopy, and as a result only Rubtzov

R

o 959—1964) has’ 1llustrated them before.' They prpbably

fdetect part1cles caught 1n the groove in the m1d11ne of theQ"

"anal sclerlte If anal sclerltes h1nge along thlS groove,
'hlt would be 1mportant for larvae to . keep that groove clean.

Lo AR

- E : ' w B N | i

o _5 4 4 Intersegmental 11ne for n1nth apparent abdomlnal j'f
‘segment R " 3 o ,'.-,T B "ll' "

Furrow Ll is- probably a*functlonal annulatlon and not

Jlan 1ntersegmental 11ne. Flrstly, 1t runs dlagonally across’.

.

"»the abdomen, whereas most- 1ntersegmental lines run at rlghtg"

' angleslto‘the longltudlnal ax1s. Secondly, the flexlble

‘fcut1cle area (fc) folds as the anal proleg shlfts ventrally'

&g



probabry myrksrWhere'flexiblefcuticle meets moreemigid

v . . Vo
when the larva attaches, and“its suppleness permits great -
R i . . - r . . . .

s . 3 B ] : . A S
flexibility‘about'theﬂanal-proleg (Chapter'Z); '??%?ﬁ??ﬁnyikmmW‘

cutlcle The‘flexible'cuticle area»posterior“to L1, -then

'bls probably part of "the eighth apparent abdomlnal segment

:the proleg The dome ofﬂcuticle betWeenvthe anterior'arms

The ventral part of the anal proleg probably connects

‘to the’ abdomen at furrow F3 (F1gure 25) The’ tlps of the

anterlor arms.of the anal sclerlte mark the_dorsal border of

- .

of the anal sclerlte (Flgure 26) probablx belongs to the

s

anal proleg because part of 1t is . the plgmented cutlcle 'f

between the anterlor arms of the anal sclerlte (pc, Flgure
{5 .
29),  Ross .and Cralg (1979 thelﬁ Flgure 17) show the

.anterlor border of this dome of cut1c1e.

Furrow L2 (Flgure 25) is probably the 1ntersegmental -

11ne for the nlpth apparent abdomlnal segment It is

'probably an 1ntersegmental ‘line becauSe it completely‘

"enc1rcles,the abdomen, because ‘it has no obv1ous functlon as

".%'&o/-g;»

-doesforfdw'L1; and because muscles orlglnate posterlor to

it'(Puri,'1925). The segment behlnd furrow L2 is probably

thefninth apparent abdomlnal_segment because 1t‘probably

. ‘contains,remhants of the tenth true segment‘(Matsuda, 1976)

‘:Jobblns Pomeray (1916) and Smart ‘and. Cllfford (1965) showed

'thlS,llne clearly. As well as the anus, thlS segment would

7-aadso bearfthedvéntral~papgllae, the anal proleg,»and the

anal organ.




A

5 4.5 Mechan1sm and func;1on of anal scler1te i";
, %;"%: Gren1er (1949) suggested that when muscles of the anal
! -f.‘i& J‘
wwh&”;%;%cyerlte pull hooks ‘of the anal proleg nearest the dorsal‘
1\ ~a

L.

”{fgﬁ ‘gwagldl1ne detach first, then, w1th the sclerlte worklng as a

e

.second class lever, ‘hooks further and further along the
‘posterlor arms of"the sclerlte detach As 1. 1nterpret
Grenier's (1949) mechanlsm, the p1gmented cutlcle lateral to
1the midline of the anal sclerlte (pc) wouﬁd have to flatten
and stretch a’ great deal. Flrstly, the anterlor arQs would {;
,move from 90° to ‘each other (Figure 29b) to. 40° to each
other so that the out51de palr of anal scler1te muscles
could pull at the anal sclerlte mldllne as Grenler (1949)
suggested Secondly, the plgmented CUthle would have to:
stretch further to’ allow hooks near the posterlor m1d11ne to-
detachi Before hooks further adong the posterlor arms - -
dgjdetached . f.’_- T o "°"_; hﬁ
Muscles inserting ln51de-the circlet‘Of‘hooksigfgthe"
anal~proleg should:detachsthe’hqoks (Qhapte?ké?} vhile
| muscles inserting'outside the circlet should‘attachvanalk
~hooks becaUSe_all.hooks'polnt radially; and‘because larvae
probablv pick:upjthe heels of hooks to pull'tubercles onih
‘hooks free of the 51lk (Flgure 30) before try1ng to retract
:hooks‘ The anterlor 2/3 of the hooks attach by contractlon
‘ A .of muscles 1nsert1ng out51de the c1rclet But no muscleS'
’ insert at the out51de edge df the posterlor 1/3 of" the,
circlet of hooks (Purl 1925 hlS Flgure 10) | Anal 5 J”

sclerltes could help larvae to attach thelr posterlor hooks

i 3



‘o

‘anal sclerite m1d11ne posterlorly (Flgure 31b). The anal

] sclerlte posterlor Arms would thus pull hooks near thelr

‘l/v
in the following way. ‘
I1f during detachment the dorsal internal circlet .

‘nmuscleS*(i, Eigure 29b) ccntracted,vthey wouidkpuli the anal

"scleritevmidlihe anteriorly as well'as‘dbrsally.»_Thia‘wbuid

disengage the hooks near'theeposterior midline (Figure'31a).

v

The . sclerlte would close around the anal sclerlte serrsilla

(as) alongugg

N ;;

'idllne (ml Flgure 26) and the domed

v
cutlcle between anterlor armé’%@“

#s 25 and 26) would

,flatten as the arms swung apart

Slmllarly,vlf the dorsal 1nternal c1rclet muscles (1)
relaxed, and anal 5cler1te:muscles (am,_Flgure 29b). pulled

on the.anterior'arms,'haemolymph pressure‘couid'push'the.i ¢

tlpS laterally and hooks near the posterlor mldllne

“posteriorly (Figure 31b), and 1nto the attachment pad (51,

: Figure 26). For this toqwork effectlvely, anterkor hooks of

the’ anal proleg would have to be hooked in the pad of 51lk

 before the anal sclerlte beglns to Btralghten

Acc0rd1ng to thlS new mechanlsm the anal selerite
m1dJ3 e would flex away from the substrate as 1t flexed'
anterlorly, hecause abdqmens‘of detachlng 1arvae are angled
from the‘suhetrate,j‘The midline of the anal_sclerite would
he_thelfirstfto_leawe the substfate on detachment;' Such'ant

observation could have inspired Grenier to .propdse his

. (1949) mechanism for the function of the anal sclerite.

A\



.dorsal view.

not attached' : S

¢«

Figute 31. Proposed funélion of ‘anal sclerite of simuliid 

larvaeJ attachment of posterlor hooks of anal prolegs,

’ -~

&y

v

a) -midline of sclérite fleng dnteriorly, poSterior hookg

4

R

| 'b) mldllne unflexedj posterlor hgfks attached

L

- tip of anterlor arm og anal. sclerlte,

pr- t1p of posteruor arm “of anal scler1te. o ' s
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*

pulling dorsally. :The straight shape of the posterior part

Posterior hooks of the anal proleg must resist forces

4
A

of the att&ched anal circlet of hooks~(Figuresu3 apd 31b)

should allow larvae to distribute these forces more evenly

’among postefior hooks than if" these hooks attached in an

arc.

Léryae ;ith anal sclerite; lacking pbsterior arms
(Gymnopais éndaTwinnfa; Wood, 1978) would attach their
pbstefolatefal hooks less strongly, -but presumably wduld

have: greater flexibility about their‘anél prolegs. Ectemnia

larvae lack anal»gclerites, but their large abdomens

“(Pétérson, 190&)nwould rest dn the substrate, aiding their

attachment. First-instar larvae also appéar to lack anal
sclerites (Craig, 1975; Crosby, 1974; Davies, 1965;

Dumbletonq'1964), but detaching forces:could be .weak on such

+*

~ small larvae, aé’they are wellywithin'tpe boundary léyer.

L}
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6. Pads of silk ’

6.1 Introduction o A

Barly students of black-fly e (Planchon, 1844;

Verdat, 1823)vbeliEVed that lafvae attached directly to the

substrate by suction of the anal proleq. Newstead et al.
(i907) first-noted that locomotidg larvae attaeh‘theHabal
prbleg to silk spun on the subst ate, but until Tonnoir
(1923) described this in detail, others still assumed (e.
g.,’Jobbins—Pomeroyﬂr1916) that- the anal proleg.was a
sucker. -The opinions, that suction aidéa attachment, with
silk.sealing spaces between hooks of the‘anai proleg (Puri,
1925), or with abdominal folds seallng to the substrate
around pads (van Oye, 1936) per51sted but gave way before
theiobservations of Hora‘(1927a;'19305 and later Grenier
(1949) on larval behaviour and structure.

" Pads of silk applied to the substrate have received
little attention. * Although Hora (1927a)’illustrated pads of

silk, larvae made them in still water, and attached only

~ their moUthparts and thoracic prolegs to'them (Hora, 1927b).

Lew1s (1960) sketched a pad of 51lk produced, 1in flowing
wate{ under laboratory condltlons, by a Slmulium heave.i

Roubaud larva, but he distinguished only the rim and rows of

a

marks where hooks of the anal proleg had attached.
~In thlS chapter, I w1ll descrlbe in deta1l pads spun'by

larvae in flow1ng water in the laboratory and in a rlver.

i
|

!



pads 1n terms of larval sp1nn1ng behav1our. I will. show‘ o
w":"that larvae conserve thelr 51lk "F1eld results w1ll allow
‘me to 1nfer how often larvae were obllged to sp1n new

”dfi]as old pads began to: rot

:6 2. 1 Sampl1ng pads of 511k spun in the 1aboratory

fh(10 cm X 8 cm’ hlgh) : The jar was: half fllled w1th water

'vdeggs hatched _ The eggs were probably 5? v’ttatum eggs

e ORI - 1’;.[<~ 88

P . - \ .

‘Laboratory observatlons w1ll allow me to expla1n features of

"z

.

. )

;.6;2jMaterials(_methOdS,tand_studyysita\t

Slmu]lum VIttatum larvae collected at the fleld s1te'

‘%g(Chapter 3' Table A—10) were keptflé,rearlng tanks at 1 4 C

_“5.1,‘,,

*jfor two weeks, then transferred to a cyllndrlcal glass jar

vffﬁfrom the fleldxslte,.flltered through a wad of cotton lve3d5l‘

S

'Mlcroscopf slldes standlng on end l1ned,the jar "Alr s

(

-tlbubbled from the bottom of the jar produced a weak current
‘,fthat encouraged larvae to- attach to ‘the slldes Thetl' |

i'bubbllng was stopped before a stlrrlng bar 1n the jar was.

—aP

.started sp1nn1ng by a Flsher Flexa -mix magnetlc stlrrer.;i-f“
thhe resultlng current 1n the jar, measured by a Kent m1n1',

hhflow\meter, was 4= 7 cm/sec, and larvae fllter fed 1ns1de..""v
T

:\c h

5 Black fly eggs\WErd

‘;:field 51te from leaves of Ty'Q@ sp B After storage at 2 7 o

‘hfor a day, then 1n bubbled wate t room temperature for a--d :

\

S day,)then in. standlng water ‘at room temperature for a day,'

' collected 26 Sept 1979 at the,,--w,“"”'



~

ubecause hatch1ng after a .set of such weak stlmull 8o Iate 1n ‘

~.the year (1ce beglns to cover the Sturgeon Rlver in late

October, Appendlx Table A—11) 1mp11es‘§\spec1es of black fly,\

| that overw1nters 1n the larval stage, and S VIttatum 1s theV;

Al

honly spec1es in' the’ area that does SO, (Abdelnur, 1968)'-.The$ S

*,_resultlng flrst 1nstar lifvae were. 1ntroduced to the jar as

v;;prev1ously descrlbed except that coversllps had been glued

,to some of the slldes w1th slllcon sealant The coversllps
vwere later broken and flt 1nto the scannlng electron_f'\

' um1croscope.- Behav1our of larvae 1n51de the jar was observed
'andﬁnobed. SRR 5v, LA -]f. o ,WWVV'KT“'”, e

Yoo

.*jls 2 2 Sampl1ng pads of 511k spun in the f1eld : '
‘ _ The fleld 51te was 1n central Alberta,lCanada, éShkmfNW
!ipfof Edmonton (Appendlx Table A 10) _The gturgeon Rlver thereif”
:]was a small warm, slow r1ver (Appendlx Table A—11) w1th '

rfalrly clear, well oxygenated water (Appendlx Table A~12)

"{:supportlng many fllter feed1ng anlmals (Appendlx Tablefﬁl

'Stakes 3 X2 xw120 cm were drlven 1nto the substrate 1
_m apart upstream and downstream and 30 cm, apart to the'-
'51des A clothesp1n Was lashed to‘each stake sobthat 1t
'dopened upstream 'a few cent1meters‘below the surface of thea_]:ﬂ
e?water, or at the stream bottom or-halfway between;h A palrl
blbof mlcroscope slldes glued back to,back w1th 5111con sealant

-lwas held 1n each clothesp1n at thesdownstream lower quarter @N

:iffof each palr. Pa1rs of slldes could later be separated to

9'_‘.[‘



eallow exam1nat1on of pads on both slldes of the palr.v Plant;

~debris caught on the slldes and stakes was removed tw1cef‘

.udally ; N1ne pairs: of sl1dea were exposed to the river for‘

;each of 1/2 ’;,k, and 5 day'perlods.. Some of the slldes on f

Ifthe bottom were apc1dentally crushed others were dlslodged

Q

'and lost Strlps of clear polyethylene (1 m x 2. 5 cm. x 0 4

';d,mm) were attached at one end to ceramlc t1I}s la1d on the

7,Stream bottom._ Water ve1001ty at the tra111ng end of the_;-
. }str1p was 35- 45 cm/sec (Table A-11) E Water veloc1ty among

_the stakes was 20 30 cm/sec : To obtaln samples of pads on a

f.natural substrate, leaves of Potamogeton Plchardsonll w1th

”flarvae attached were collected [
_ _ - S
s

df.G 2 3 Stor1ng and examlplng pads of s1lk vy*f£,;5;;ﬁl

. Larvae were washed from sl1des under a stream of

Y

v,!p;dlstlllEd water and the slldes stored 1n plastlc sl1de racks

o WA
1mmersed in. 98% ethanol Seven cm of polyethylene tape was
v i v

',cut from the end/of the strrp, and stored w1th larvae Stlll
;’attached in: 98%/ethanol} Leaves of P /Plchaﬁdsonllrwere,fvl
lalso rolled up w1th the larvae Stlll attached and stored in

V?ja v1al of 98% ethanol Most larvae detached on 1mmer51on 1n

';to98%»ethanol Pads of 51lk on slldes, polyethylene, and
wyleaves were stalned for flve m1nutes 1néa saturated SOlUthﬂ

”,of Buffafb Black (Naphthol Blue Black) in 98% ethanol

'v-rlnsed 1n fresh 98% ethanol placed 1n a Petr1 dlSh agaln

‘5fw1th 98% ethanol and examlned w1th a Wlld M5 stereoscoplcfvgpul

’f’:mlcroscope.',Pads so treated looked blue ) g,i-

o/
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Decomp051tlon of pads of 51lk was scored 1n the

.

follow1ng way : Pads were not con51dered to have begun'

rotting unt1l the.rlm‘(rl Flgure 34) of the pad had -been = -

‘;affeCted B1ts of 51lk recognlzable as pads, but more than

'.‘nhalf rotted were 'so recorded | Proportlons of unrotted

"g(Figure“34Y less than half rotted/(Flgure 37) and

.more than half rotted %ads on each palr of- slldes, were

i

ehdetermlned ’ Arc 51ne Square root transformatlons dv =
Aprroport1ons were applled (Sokal and’ Rohlf .1969) and means
1 eand 1ntervals of standard error were calculated accordlng toifh'
'prerlod of exposure to the river. . These statlstlcs were thengf"

'ﬁ_transformed back to proportlonal values and plotted

Palrs of slldes were separated and pads attached were_”

/.

“-_mounted in Canada Balsam ' Photomlcrographs were taken on.

.; Kodak Plus x Pan 135 fllm w1th a. Leltz Wetzlar Orthomat

i camera on a Le1tz Wetzlar Ortholux compound mlcroscope

"U_phase c0ntrast mlcroscopy

’fhrlm (r1) parallel to the flat 51de of the D- shaped area (D

Ve

7lFlgure 34) vf,i;-c

‘mlcroscopy

7.

h»Pads spun by flrst 1nstar larvae were photographed w1th

Pads were measured at thelr greatest w1dth across the

¥

'»:6.2;4"Measuringfthicknessfof,pads_and-séanning:electrpn

-.;."" g PP
A mlnuten p1n dragged across a coversl1p was: used to;{f“

tear pads of 51lk flrst 1nstar larvae had spun ThlS was )

ujp‘also done to espec1ally darkly sta1ned attachment pad of
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] fllm.f

?7>‘such shape on N0 other parts of pads. At the mouths of some

i46;3pke5ultsih‘

©6.3.1 Features.of pads

area (Da),~and a peaked area (pa)

~ 7

last-instar size on the poIYethylene.strip.>pBoth samples’

. were'critiCal-point.driedxdireCtly,from 98%welhanol;

]

7fsputter-coatedhwfthfgold and~examined with’afCambridgefS150'
» scanningﬁeleotron m1croscope at 16 20kv., Photom1crographs

_ were taken ‘at Low angles of view w1th Kodak Plus X 120 roll

m larvae (Flgures 32 to 38)
N

have three maln features a c shaped\\\eav(ca)- a D shaped
Onl\\

'h‘Padsﬂof'silkvof s, vlttat

‘trace of 51Ik

connects the c- shaped area, downstream on most"

larger D shaped area (Da) that 1s bounded on many pa‘~fbyia!ﬂ"

'r1m,(r1) ‘The. d1atom (d1) 1n Flgure 38 rests on: the rim- ff{g;fﬁ"

(r1) On pads from flrst 1nstar larvae, the D shaped area-?-m
was more oval than D- shaped (Flgure 36) .

On exam1nat1on by scannlng electron mlcroscope, pads

' appear to be 51ngle masses of 51lk w1th no 51gn of

PP -

fllaments,‘threads,ior weaV1ng (Flgure 38) N On the

per1phery of the D- shaped area, 1n51de the rim, are slantlng

Jrows of holesf(lh Flgure\i\) in- the 51lk I found holes of

3

of these holes can be found a ‘Tow of. smaller holes (sh)

'; the s1lk (Flgure 38) : Out51de the r1m pads thln qu1ckly,

ads, to the;.;‘i'



’”>Sca1e 20 um. .

Figure 32, Slmullum VIttatum larva.' Feeding pad, spun
. under laboratory conditions. ' . ‘ B 5
‘_Arrow points downstream . T N ST
Scale=100 um. : ' ‘ ’

Frgure-33, Locomotory,pad, spun under laboratory’ -
conditions.. = - ‘ e T S
‘Arrow points downstream., -

'Scale =100 um. -

i

~Flgure 34, Pad spun on.a glass sllde suspended in ‘the
Sturgeon River, ‘ r I
" Arrow . points downstream ,

fScale—100 um, T

:Flgure 35 Pad spun on a glass sllde suspended 1n-the
- Sturgeon Rlver o e : -

- Arrow points downstream. L R

Scale 100 um., RIS e "i=,

'-‘;
i

"Flgure 36 Slmullum Sp. ’ probably S. VIttatum. "Pad of .a
first- Lnstar larva, spun under laboratory cond1t1ons.A '
Arrow p01nts downstream : SR B

<

".fFlgure 37. Two rottlng pads from the Sturgeon Rlver,z,‘”

'%a'Scale—1OO um,

probably . spun by the same sixth- 1nstar larva, rottlng
Arrow’ points downstream : ST

' E;gure'38;f Detall of pad from the Sturgeon R1ver
Scale=5 um. S . .

rcarfc shaped area of pad of 51lk v,-;'l"'p
Da- ‘D-shaped area of pad R :

“~f_di-'d1atom,

‘1h- larger hole. in pad
‘pa- peaked area; -
rg- ridge leadlng to peaked area,

Cri= orim,

ro- area of pad rotted away, L o R
~sh— smaller hole in pad B T LIRS R
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A

except downstream-of the D= shaped area on some pads (e g.,

”rFlgure 37, upper pad) "and upstream of the the D shaped ‘area

of all pads.,v*‘ . |
| Mldway-along'thedupsteam parts.of'D*Shaped areas is a-'
. pair of connected/peaks'(pa,hFigures 32 to 37)'of Silk;' On
Tlmanyrpads, peaks haddfallen tvoneiside'orvthe other (e./pv,
'Figure:35l - Leadlng away from each peak, - laterally and
'-upstream 1s/a r1dge (rg,'F1gures 32 to 36) of 511k
Pads spun by last 1nstar larvae were about 400 um in :

dlameter and about 100 um across the empty part of the
c- shaped area (Flgure 32) : The pad on the str1p of f
npolyethylene from the Sturgeon River was about 3 um th1ck
"just 1n51de the r1m and about 10 um thlck through the r1m
.and less than 1 um th1ck out51de the flm vPads spun’ by
f1rst-1nstar larVae were about 40 um across (Flgure 36) and
:the one measured was about 0.3 um th1ck jUSt 1n51de the r1m.d

. The pad.ln_Ergure-35,1spmade of palrs of daublngs of
'rs11k less evident in'Figure 33, but qu1te v1s1ble 1n51de of
and upstream of the r1m (rl) 1n Flgure 32. At no po1nt on - R
G

o attachment pads d1d I recognlze torn 511k (F1gures 32 to

-
\

.

‘ v6;3 2 Pads:of silk spun in‘the”laboratory'

:fu The same larva spun the pads of silk in Flgures 32 and
33:; The pad in Flgure 32 was. spun wh1le the larva was_
dfattached to the pad 1n F1gure 33 The larva . fllter fed

"'whlle att‘thed to the\pad in Flgure 32 but_d1d not



filter-feed vhile attached to the'pad\in Figure'33.' Pads’
larvae-were,attached'to vhile filter—feedingVQere shaped :
like'that in Figure 32, and‘padsfthat larvae'were attached
,to whlle they moved about were shaped llke that in F1gure =
.33.. Pads of 51lk larvae attached to while fllter feedlng I
call. "feedlng pads," and pads larvae attached to’ whlle
shifting p051tlons l call "locomotory pads." Feedlng pads
sta1ned more darkly, and therefore contalned-more 51lk than
locomotory pads- " No locomotory pad had a frim around the
.D~shaped area (Da, F1gure 33) : Locomotory pads were less
strongly orlented to the current (e g Flgure 33 note
”arrow) A trace of 51lk llnked many consecutive locomotory

&

. pads. Only when larvae were detached by force were the pads

8 -
torn.

’6 3.3 Pads of 51lk spun in the Sturgeon R1ver ~ ‘

n Most pads of 51lk sampled from the Sturgeon Rlver"(e.
hg;, Flgure 34) were 51m11ar to. that in Flgure 32. Others
:(e g : F1gure 35) were 51m11ar to the pad in F1gure 33
Pads found on rocks and on leaves of aquatlc plants in the
pSturgeon Rlver were. 51m11ar to those found on the sl1des,v
except that all had rims. Pads spun 1n the Sturgeon Rlvef
stalned more. darkly, and those w1th r1ms (r1) had. more.
complete rims than those spun in the laboratory (compare
,F1gure 34 w1th Flgure 32 _and Flgure 35" w1th F1gure 33)

'Pa1r5»and,trlos,of padS‘wath»rlms could be recogn1zed on

’'slides exposed to the Sturgeon River. These pads were close

.-

i l' © .' R ;



showed signs of rot and two pads were ‘more than‘
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T

to each other the same 51ze, (the‘closest pads of similar

size were usually ‘some dlstance away) and their rims had

‘Slmllar_shapes. Flgure 37 shows such a pa1r.v' , ',“~ \

Pads in“thelsturgeon River . rotted One of the f1rst

.s1gns of rot was loss of the c- shaped area (Flgure 37).

Rarely, small areas all 0ver pads began to rotoat about the

\

same time (ro, Figure .37, darker pad). Commdnly, pads

T P

rotted.inward from pOints“alongithe:edgev(ro; Figure 37,

both pads), the silk obliterated along roUnded fronts.

About gO%yof.padszs 1/2 day old;showed Signifidante

signs of rot'(Figure 39). About 40% of pads < one day old

-

half—obllterated (Flgure 39) Of pads < two days old about,'."j“

20% were more than half rotted away (Flgure 39) The

proportlons of pads w1thout rot dropped steadlly untll the

~second day (Flgure 39).

6.4 Discussion

i

'6.4 1 Interpreting features of pads‘ofrsilk

Comparlng features pf pads with sizes and shapes of

1mouthparts and prolegs, and referrlng to what 1s known of

larval locomotory behav1our, one can attempt to 1nterpret

‘the features of pads of silk. ._' E

Larvae begln to sp1n pads of 51lk by attachlng the

thorac1c proleg to 511k applled ‘to the substrate and then



Fiqure 39. Probortions, expressed as pércentages. e - L

.. (mean ivstandard.error) of rottlng pads of silk of Slmullum

L .

VIttatum larvae on mlcroscope slldes suspended in the

Sturgeon, Rlver for up’ to. f1ve days. e } o \

. ¢ _
circles- pads w1th no rot affectlng thelr r1ms,
squares- pads rottlng, but less than half- rotted
Ltr1ang@es—"pads more than haif rotted ° | o o ‘
’Top numerals above error bars number of slldes recovered _;,;/)I s¢éy'

Lower numerals above error baré—total number of pads,.

counted. B . : o ‘
A ’ . . - . - [ .
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) . | . .
applying more silk just upstream of that attachment (Chapter
'2). Because of 1ts downstream position and 51ze, the

c- shaped part (ca) of pads (Flgures 32 to 36) corresponds to
™

- the attachment site of the thorac1c proleg. The 1ndentation

of the c-shaped area spun by a last—lnstar larva is about
7100 um w1de, nearly as wide as the tip of the thorac1c
proleg of a last- 1nstar larva,'about 110 UT wide (Chapter
5). The c- shaped area had no marks to;show\uhere hooks
‘attached perhaps because .thoracic hooks detach’ wh1le the
silk is Stlll fresh (Chapter/Z) v‘The‘thorac1é proleg

‘ probably attaches to s1lk at the c- shaped ralsed edge

(Figures 32 to 36)

Y

¢ : In my study of looplng (Chapter 2),.1 could notibe sure

rwhether .the thoraFic -proleg pulled silk from the mouthparts
and applled.lt to the substrate for its own attachment; or
if the mouthparts applled 51lk to . the substrate, and the o
’thorac;c proleg'attached later. If the thorac1c proleg .
pulled Silk f%om\mouthparts and applLed it to the substrate,
the silk;left:behindlhould be in a circular or‘rectangular'

- pile.. instead- this silk is in a -semi-circle. uThis
i7fsuggests that(larvae do so dlrectly from the1r mouthparts,

corroboratlng thlS aspect of the observatlons of Puri

(19257 Rubtzov (1962) and.Smart (1934),\

e By shape, orlentatlon size, and strfctural detail, the_'

D- shaped area corresponds to where the anal proleg attaches

to pads.v C1rclets of hooks of anal prolegs/‘when attached

f‘are also D shaped (Chapter 2 and Chapter 5) The stralght ,
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part of the "D" is upstream of the curved part on feeding
pads and on the anal proleg of filter-feeding larvae
(Chaé@er 2). A pad spun by a last-instar S. vittatum larva
is about 400 um in diameter, as is the circlet of hooks of
the anal proleg of a 1ast—instany5. yittatum larva (Chapter
5). R s | >
Rows of. holes (lh; Figure 38)'in pads correspond in
position and.arrangement to rows of hooks of anal prolegs.
I,suggéstéd (Chapter 5) that tﬁbercles on hooks of anal
prdlegs imbed in pads of silk, preventing. those Hooks,from
retrécting. The smaller holes (sh,ﬂfigprer38) at the mouths
of larger holes (1lh) in,ﬁhe pad ar;.likely wheré tubercles
of hooks penetrated tﬁe pad (Figufe 30);\ | o
The ahaL proleg éxpands as it attaches to a pad‘ 

(Cﬁépter 5). As it expands, it cou1d>§u5h silk, probably
still fluigd, to the outsidé of the pad, and éo form Ehe>rim. N
deémotory pads lack rims probably because they are spun of
so little silk. ”/ I

R By their position and structure, the connected peaks
(pa,‘Figures;32 to 37) oh padé are where moﬁthparts
attached. IWhen}the’anal b}oleg-attaches to a pad, it siiéés
in‘behipa.the submentum'ahd mentum (Chapter 2)f ‘Thus °

attachment of mouthparts on pads should be upstream and

kgIosE to the D-shaped area. On part of the rim around the - -

o

D-shaped area, the peaks are certainly close to where the
anal‘prblég attaChés. Lar&ae'almoét certainly plant their

~ mental teeth in the pad; but the peaks;_abouﬁ'so um ‘apart on

x



\fpads spun by last 1nstar larxae (F1gures 32 to 35) are
;closer together than thé corner teeth of the mentum about_-
, l§100 um apart | | | .‘
o Slnce mandlbles meet the mentum near the mldllne,.

H'vaplces of - adductlng mandlbles could gather 51lk on the1r

'a:aboral 51des ‘ Thus the 51lk maklng up peaks seems to be

7gathered from that spun jUSt upstream of the D:shaped area.,f:’

‘”fVObllque thlckenlngs of thls 51lk leadlng downstream and

fmedlally to the peaks suggest the obllque paths of 1;}; *f?

fmandlbular teeth sw1nglng toward the mentum. If thlS 1s: :

Ltrue, the 51m11ar1ty of shape of the peaks contradlcts my

/‘\k‘

"”3rear11er observatlon (Chapter 3) that a: palr Of mandlbles

”'jwhen adducted at the same tlme, cross before reachlng bhe

\vt,_mentum Mandlbles probably keep holdlng onto the pad untll

TR

g
- ;:g‘v,

hdthe anal proleg has atti\hed

Some features of th

-

"dwas qun ' Pads are not woven meshes of fllaments of 511k asdfd’

ftHlnton’(1955)' Hynes (1970) and Smart (1934) suggested but
‘liare SOlld (Flgure 38) masses of 51lk Vlewed w1th l1ght
fmlcroscopes; pads appear woven of many f1ne fllaments of ﬁ

5‘51lk (Flgures 32 to 37) but the varLatlons 1n thlckness»;’

LA

w-ifproduc1ng thlS effectvare probably the result of larvae

’jstretchlng 51lk between the daublngseuukhﬂobs they apply to*;ff

*Lw:the substrate. On the other hand pads of Slmullum ».ae'jfj_

rfloutetense Grenler and Ovazza are woven networks (Lew1s,;: :

'Jig*51960) Those larvaé llve 1n espec1ally strong current

'ff'g(LeW1s, 1956) so the weave could help the pad absorb shocks'

3

I

i X . 3 K S = KA

€ pads glve clues as. to how the 51lkyfo:”i‘



fto larvae.i Turbulent currents buffet larvae (Cralg and

;Chance@h1982) and pads help to absorb the shocks (Chapter

oy,

Palred daublngs that seem to make up some pads (F1gure5‘ :

'h 33 and 35) suggest that max1llae,'1mp11cated in help1ng to .
‘{‘draw 51lk out of the sallvary meatus.(Chapter 3), apply‘s;lk 5'

“to the substrate.

| 6 4 2 Feedlng and locomotory pads of 51lk

I conclude from thelr 51m11ar1ty to feedlng pads spun

‘m

"1n the laboratory (Flgure 32) that pads spun in th%wt-"v

‘Sturgeon Rlver that have r1ms (Flgures 34 37 and 38) are

,7also feedlng pads i‘Pads w1thout r1ms spun in the Sturgeon
‘3~R1ver“(F1gure 35) were 51m11ar to locomotory pads spun 1n.lflif
"v“the laboratory (Flgure 33) ThlS suggésts that pads w1thout?“ o

r.rlms spun 1n the Sturgeon R1ver are locomotory pads.tyzfaﬂ

Assumlng that all larvae from thlS populat1on produce 7

ﬁithe same 51lk pads sta1n1ng more darkly are thlcker and _,,,i

e

dmade of ‘more 51lk ' Although Cralg and Chancef(l982) 1mplzedf'p“'

.

f“that larval streamllnlng and larval behav1our durlng feedlngipl°'a
ujreduced drag, the greater thlckness (darker stalnlng) of

"fffeedlng pads suggests that larvae experlence more drag when o

"ffllter feedlng than they do when mov1ng about faf.-\'d

| Larvae conserve energy by expendlng less 51lk on
L

vﬂd.locomotory pads than on feedlng pads ' Out51de the r1m 2. padf}bv
.“"1s a thlrd as thlck as 1t 1s 1n51de the rlm.k Comparlng the

;?stalnlng 1n51de and outs1de the r1m of the pad 1n Flgure 341>7;_h



L S

T ;nthe prolegs and mouthparts attach

: lli'S1lk

o i04

dwithvthe staining'offthe.pad'in'Figure'35' I estimate7that‘
ngocomotory pads contaln a th1rd the amount of 51lk that
°preed1ng pads contaln ‘If locomotory pads must re51st weaker~_‘

: forces for shorter perlods than feedlng pads must larvae o

BRY

”can"wlthln l1m1ts, spend less 51lk on locomotory pads
w1thout 1ncrea51ng rlsk of detachment The dlfference in-

'thlckness between laboratory spun and rlver spun feedlng

/

-,’pads was perhaps due to the stronger (about f1ve tlmes""
v,faster) current in the r1ver.. If thls were so larvae could_‘;:'

i conserve 51lk by sp1nn1ng out less 51lk for pads when o
‘dfeedlng 1n weaker currents. Larvae also save 51lk by

' Qlapply1ng 1t only to dlscrete areas on the substrate,'whereiyaxﬂl.-~

k2] °

S1lk a secretlon, is’ a form of ellmlnatlon" and a -

drafn on an arthropod s pool of net productlon (Batzll, 5;'

i

74) Larvae conserv1ng 511L can save energy for growth

v

“";:gand reproductlon Larvae that conserve thelr reserv01rs of e
'151lk also 1ncrease thelr range of movement.‘ Conserv1ng net EEIER
’fproductlon and max1m121ng range of movement could both

l”contrlbute to select1on for larvae that sp1n thln pads of

s

’6 4 3 Rate of rot of pads of 51lk

Rather than 5crap1ng pads up and eatlng them as they

o do mats of algae (Chance, 1970, Kurtak' 1978 Mokry,¢1975

C;,P@terson,;JQSQ Serra- TOSlO,v1967) black fly larvae leave

S e | .
: ’1upads;behindpto;rot, VIfjlarvaevbrowsedgon;ahandonedrpads;i',



'vj,f~wenergy in. 51lk in thlS way

[

'hronefwouldkexpecthpadsfto'sufferhstraight tears;wheré_'fr
v‘fpmandiblestscraped‘at'them.‘ I found'onlv-ragoed'damage'
fcharacterlstlc ofbrot : No larva I observed touched 1ts
recently abandoned pads, let alone scraped at them.ﬁ Desplte

"these observatlons larvae could Stlll recycle nutr1ents and

PRV
Y,

( ]

Pefhaps a spec1al conformat1on of molecules in’ 51lk

dre51sts dlgestlon by most bacterla (and by black fly

N

'o;larvae) perhaps the small volume of nutrlent 1n a- pad 1s
g‘;not worth recycllng Certalnly, newly spun locomotory pads-ph”
'dwould be stuck strongly to the substrate,‘and contaln llttle-*

f'sxlk ’ f'f;*""f'fj’T*

A larva that 1s feedlng well at. 1ts 51te, and 1s not5

;dlsturbed probably stays atmached to 1ts pad untll the the ,:;hh
",pad rots too far for the larva to depend on 1t Then the E
”Q.larva probably splns a pad close by and attaches to 1t

fThls behav1our would produce the observed pa1rs and trlos of dr*h'

'ypads in. dlfferent stages of rot Once rot progresses beyond

hthe r1m, hooks at that spot no . longer engage 51lk the

'7iattachment has become less Secure.

Nt

t Var1ab111ty in rates of rottlng, varylng rates of net,hj-

colonlzatlon of- slldes,hand d1ffer1ng rates of sp1nn1ng pads'il‘%
”'fiamong larvae all contrlbute to uncertalnty about average o o

: ~...proportlons of rot 1n Flgure 39 Dr1ft1ng Vegetatlon

&

dh?foul1ng slldes probably d1srupted colonlzatlon Also the

hfslldes were too small to gather many pads., Some slldes had

51ngle pads on them.f On such a Sllde,blf the pad there was b

.

105 : N
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v-thalf rotted for‘example, the proportlon oidhalfifott5d/pads
“:on that sllde ‘would be 100% Slldes w1th only one or: two

pads thus affected the .mean values more than d1d slldes wlth

,gnmany pads Because some pads more than half rotted are

‘~‘b§yond recognltlon as pads, numbers of pads more than half
A:_rotted would be underestlmated espec1allykon slrdes egposedvni
for five days. e | ' | e B B

| Desplte thelr var1ab111ty, the proport1onsv1n Flgure 39 :'
ymgive a plcture of the onset of rot on. an art1f1c1al " o
hfsubstrate 1n the Sturgeon Rlver, assumlng that the pads most
-:rotted on. the sl1des were the oldest there | o p
About 20% of the pads at mos“‘1/2 day old and about ;L

'40% Of the pads at most one day old had begun ‘to rot f"“

75_;apprec1ably Some pads at most one day old were more than,j'

.j'half rotted : Assumlng that larvae rlsk detachment 1f they
'ifllter feed from pads whose rlms had begun to Yot larvae'd
‘,”probably replace the1r pads every half to full day Pads"“"

could d1sappear 1n as llttle as two days,’and would S

'ﬂcerta1n1y dlsappear in: three

If decomposerS"colonlze from nearby on. the substrate, :

,"yrot of pads on natural substrates would begln more qulckly

~f}than on art1f1c1al substrates By scraplng the substrate of

”l{part1cles before lay1ng down pads (Chance, 1970) larvae

fﬂfcould be slow1ng the onset of thlS rot. On the other hand
'771f decomposersndolonlze pads%from the CUthle of larval |
'f::prolegs, onset of rot on art1f1c1al and natural substrates

' f‘would be " 51m11an.‘ Bacterla 51m11ar to those 11v1ng on the

.l
. v‘]. S

W
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‘ exudate’of a sensxllum at the base of antennae of larvae .
tn(Cralg and Batz 1982) could cause rot, but‘whether or note
decomposers are even bacter1a is unknown. do v

" Wu (1931) found that S.. VIttatum larvae in her stream,'
'hsomewhat warmer (18 26° C) than ‘the Sturgeon River (17 22 C)
“?passed through the larval stage in thirteen to seventeen
days.'-If feedlng pads of last 1nstar S. VIttatum larvae are
3 um- thlck ‘and last 1nstar larvae average 6766 um long

”w(Ross, 1979) a feedlng pad is a 1oss of less than 1/2000 of

a larva ‘s total volume.~ If feedlng pads of flrst 1nstar S..

: J]thttatum larvae are 0 3 um th1ck and flrst 1nstar larvae

waverage 651 um long (Ross, 1979) thlS ratlo ‘seems to stay -

constant throughout the larval stage. Assumlng that pads

g -

"y’rot at. the same rate no matter thelr thlckness, and that a

ilarva must spln one or two newafeedlng géds every day,

'stuggeSt that black flles probably spend less than 1% of - net

%‘:,productlon through the whole larval stage to replace rottlng

';pads, much less than the 14% of net productlon aphlds spend
:.,1on exuV1ae (Llewellyn 1972) o ' '
6. 4 4 Further work ffel-f'
}.

h Pads can now be sampled preserved and 1nterpreted as

"{1records of larval locomotory behav1our. A larva s progress’;

ff:and bouts of feedlng can be determlned from the locomotory
'btfand feedlng pads 1t leaves behlnd Prov1ded a’ larva\Poes
'dnot detach pads can show where, how and‘how'muchjthatyb

";larva moves ‘in.a day



' The record of s11k attached to the substrate is not yet
c‘completely 1nterpretable bedause at least four structures of.
y51lk await dlscovery and study When alarmed larvae bend
"s1deways and attach thelr mouthparts and thorac1c proleg to

the substrate to one’ 51de oflthe attached anal proleg
r(Chance, 1970 Gren1er,,1949) they must leave some 51lk
.behind Another structure of silk us ‘the p01nt of
attachment of the anchored 11ne (Chapter 3), and a thlrd is
‘the part of an anchored llne that a”larva has braked onv |
;_;(Chapter 3) i A fourth structure of 51lk 1s the record of

e how larvae reattach to. the substrate after drlftlng

N .
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Wkstore s1lk for mak1ng these cocoons in. the1r lablal glands. @ﬁaf

: (Burton 1966 Peterson 1956)

j.‘ Larval'Silk.and cocoon silk are different substances

Many 1nsects sp1n cocoons in whlch they pass the pupal

! stage. Last instar lan/ae (or pharate pupae) secrete-and K

e

Before secret1ng cocoon s1lk labial glands in larvae,'

secrete, dependlng on the spec1es, sallvahlor,

c o~

;larval 51lk Black-flyﬂlarvae‘spln silk to attachfv

themselves to the substrate (Hora, 1927a, Lewls, 1956;-Puri, .

1925-'Smart 1934 Tarshls and Nell 1970'-Tonn01r,n1923).

'Black fly pharate pupae (Hlnton, 1958)=sprn_silk foricocoons

Even though MacGregor and. Mackle (1967) descrlbed only

vone type of secretory cell in. lablal glands of black fly

: jsd1fference

'larvae,‘they hlnted that cocoon . s1lk and larval 511k could
| dlffer, and’ Chance (1970) suggested on: v1sual ev1dence,."
"that cocoon 51lk 1s of dlfferent comp031t10n from larval

:s1lk ThlS chapter presents further ev1dence of thlS

o
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7.1 Materials and Methods

'jl1 1 S1lk Development and comp051t1on

Slmullum VIttatum larvae collected in the Sturgeo'..F
V,River, 25 km NW of Edmonton, Alberta,déanada (Appendlx Table
A-10) 23 August_l979 wererpreserved in v1als,of 98% ethanol.
La:vaé with‘abnormalifat bodies,qor;with'nematodes or

external growths were removed from the.sample.

.’g7.1 1.1 Development
| Larval 1nstar was’determlned from post genal length
'(Ross 1979) Thoraa 51ze of last 1nstarrlarvae, normal or’
\large (due to grow1ng 1maglnal dlscs) was also noted,
_Lablal glands were removed 1ntact from the larvae,
i ep1the11al sheaths (gl Flgure 40b) removed ﬁrom‘around the

"

,contents, now SOlld and colour and. transparency of the

£

contents were compared.. Contents of some glands were
»mounted unstalned in Canada balsam and photomlcrographed on
Kodak Plus ‘X Pan 135 f1lm w1th a Leltz Wetzlar Orthomat

camera~on»a,Le1tz«Wetzlar Ortholux compound microscope.

7.1.1.2 Amino acid.composit#
#reserved'contents of g: re pooled in four .
.sample5° (1) 51lk from fc : L instar‘larvae, (2)

*brown s1lk from seventh (. Laslar larvae, (3)'clear andi

opaque (mostly opaque) silk fLom seventh 1nstar larvae, and
(4) clear and opaque (mostly clear) 'silk from seventh 1nstar_ ‘!a

d.larvae. Clear 51lk surrounded reglons of opaque 51lk



N |

‘hours. Except for sample (4), where only-a concentrated

(Figure 40c)' so the two were difficult to separate, Each
Sample was sonlcated to remove. b1ts of eplthellum cllnglng

to the contents, then air dr1ed Samples were d;gested in 6

N HC1 with 0.1% phenol at-110° C and in-a vacuum oveil for 24

‘»

sample was run, two sub samples of each sample, one.

concentrated the other dllute were run on a Durrum D 500

51ngle column m1crobore ion exchange resin chromatography

' 'apparatus to determlne amino ac1d comp051t10ns. Analyses of
_concentrated ‘sub- samples helped £@ détermlne content of

»amlno ac1ds rare in the samples.

o 7.1.1.3 Elemental'analysis

Samples of sixth instar brown, and last instar brown,

© clear, and opaque silk were'dried‘at room temperature and‘
" mounted on a'carbon°stUb'With graphitemglue Qualltatlve'
~analyses for elements larger than carbon were conducted w1th

,a Cambr1dge Stereoscan S150 scannlng electron m1crosoope,.5

¢

vf1tted w1th a Kevex 7000 X- ray analy51s un1t, Each sample

was scanned the stub 45 degrees to the. beam, untll the
spectrum backgrounds reached the background level obtalned

from a’ scan of a bare area on the stub : -

ﬂ . . , . » ‘ .

.f7 1.2 Rotat1on of plane polarlzed llght

A pad of 51lk obtalned 1n the laboratory, as descrlbed

'f1n Chapter 6 and a sample of S. vrttatum cocoon 51lk both ,f

mounted unstalned in Canada balsam,.were examlned w1th a.

C



wtl,

'Carl‘Zeiss'JenarAmpivol polarizing microscope.

)

&
4

‘7.2.Results

7.2.1 Silk Development andlcomposition'

@

7.2 | o1 Development o A

,ﬂjblal glands of Slmullum Vlttatum larvae contalned‘
51lks appearing (Flgure 40) brown, clear (both transparent)
and opaque (whlte in refledted light). | |

A X2 test for rndependence of the data in Table I-

‘ showed that the data were not. 1ndependent (p <0.005). Thus'l‘
‘Acolour of 51lk in lablal glands was’ assoc1ated w1th larval
nmaturity ' Glands-of'fourth to sixth 1nstar.larvae contalned"
'»only brown silk (Flgure 40a, Table I) ’ ln last (aeventhl

A'1nstar larvae of normal thorax 51ze, brown 51lk fllled the

gland from bend (be) to exit (arr0w)~(F1gure.40b 40c) .

Clear 51lk fllled ‘the closed side of the gland 1n younger

_last 1nstar larvae (Flgure 40D, Table I) whlle in more

‘mature larvae, opaque and clear.511k fllled the closed 51de f

(Flgure 40c('Table 1). In_last instar. larvae of large

Vthorax size, opaqgue silk filled:the whole gland (Figure. .

40d); except near the giand exit'(Table 1) -These larvae
hadxdarkened resplratory hlstoblasts and plgmented pupal =

hooks could be seen- through the larval cutlcle

;



 be- bend in glaﬁd_,‘

a. sixth ;nstar,

10- opaque 51lk

Figure»40‘ Changes in colour of contents of lablal glands

| of Slmul ium vittatum larvae. .

I

b earlykseventhiinsﬁar,

Cs later seventh instar, N

d. late seventh instar xlth enlarged thorax
Arrow p01nts to\sallvary meatusa |

Scales: a, 200 um; b—d,;500 um.‘ | ) _

br- brown 51lk . ‘ \T\\..i
l— clear 51lk o e oA o RS
° . T L N
- e- closed-end of gland N L ' _.\\_
' N
‘ gl— eplthellum of gland -
‘ > -






Table I. Change in colour of silk in labial glands as

Simulium vittatum larvae mature.

- o W S 0 S B W G S o v e S e WAC W e e G e b it R e e T ke W W T e e e e s o o o

Number of larvae in each class

Instar | | Silk colour

fthorax" Brown only ~Clear present. - Cpgque and
proportion) | ‘ o | ' brown only
4-6 B | e o 1

7 (normal) | }0 - S 12 - 4

7 (large) L 0 1 62
O 2 S S U S

' Brown silk filled at least one-half of the length of the

gland. -

2 Browh_silk_filled less than a quaftef of the length of the

gland, or was notvf0undﬂi

o
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79Tab1e‘II Am1no ac1d comp051tlons of 51lks of Slmullum

VIttatum larvae (re51due5ﬂper 100 total re51dues)

'/,\r_,

e e o e o e i m  ahn  m m e n h  m ——  n a  — e m rn  o m

Amino acid r Last instar brown Clear plus
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.'527 2 1 2 Am1no.ac1d compos1t1on; R |
| Brown 51lks of fourth— to 51xth 1nstar and last 1nstarA
ﬁplarvae had s1m11ar amlno ac1d comp051tlon Thelr- ” -
‘comp051t10n dlffered markedly from that of clear plus opaquej"

as1lkv(Table II)" Proportlons of threonlne, prol1ne, and

qgglyc1ne were tw1ce as hlgh and proportlons af alan1ne,‘

'tyr051ne, hlStldlne and arglnlne were half as hlgh 1n brown e

'h51lks than 1n clear plus’opaque 51lk (Table II) The sample}t?1
d-of clear and opaque 51lk contalnlng mostly clear 51lk o
»hdlffered llttle 1n prellmlnary analy51s of am1no ac1d
f.~content from the sample of clear plus opaque 51lk contalnlnqg‘

,pmostly opaque 51lk
“'7 2 1, 3 Elemental analys1s
All samples contalned phosphorus, suiphur pota551um

-ﬁand calc1um (Flgure 41) ‘ Small amounts of sodlum and

J,fmagne51um were 1n both brown 51lk samples (Flgure 41a,yb):.:

“h_Two shoulders be51de the pHosphorus peaks on. the 51xth

ﬂbﬁ‘lnstar trace (Flgure 41a) are 5111con and alumlnum peaks,'“

,tfprobably helghtened by the hlgh phosphorus and sulphur peaks ;lf
nqnearby qg%" | _ o | 5
e SlXth 1nstar brown 51lk had the hlghest levels of

_phosphorus _sulphur, and pota551um (Flgure 41a) Last

‘walnstar brOWn 51lk had the hlghest level of calc1um (Flgure ju

ah 41b) Clear s11k had the lowest 1evels of all elements ,"
(F1gure 41c) Levels of phosphorus and sulphur were almost T

'i':as h1gh 1n opaque s1lk as theyiwere in 51xth 1nstar brown



. silk_(Figure 41a, d).

"‘7 2.2 Rotat1on of plane polar1zed llght _
Sllk in the cocoon rotated plane polarlzed l1ght but

- s1lk 1n the pad rotated llght very l1ttle, 1flatvall.zhﬁj3“

7.3 Discussion . .l

f7 3 1 Comp051t1on of srlk of Slmullum VIttatum
o Engster (1976b) reported the amlno ac1d content of
:j:unpurlfled 51lk of Pycnopsyche guttlfeP (Tr1choptera,e,

'h.lenephllldae) Coqpared to’ purlfled flbr01ns (Lucas~et_33'

"V,¢fa7\,:1960) S vtttatum and P guttlfer 51lks have low

:gproportlons of alanlne, hlgh proport1ons of the ba51c amlno

f‘\\.‘:‘;/vspfi :..« PR T e o o E - | iy 5 o

‘ac1ds ly51ne and arglnlne, and generally hlgh proportlons of “?-m'

damlno ac1ds w1th large 51de chalns

Grossbach (1977) reported amlno ac1d analyses for

g _‘unfractxonated Chlronomus fentans and C. pa]]llelftatUS

'7_(D1ptera' Ch1ronom1dae) 51lks : These 51lks are 51m11ar to el

: y S . : .
,clear plus opaque Slmu])um VIttatum s1lk in: amlno ac1d ;'!

f,comp051tlon except that the ChIPonomus 51lks have no-

!

: §tyr051ne,,much less glyc1ne, and somewhat more lys1ne."

‘ff';Grossbach (1977) not ed the “f hlgh proportlon of the ba51c o

o

J
_amlno ac1ds ly51ne and arglnlne whlch together account for

- H-@ .

,‘about 25% of the amlno ac1d re51dues <

Lo



«Figure'41
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Relatlve levels of elements heav1er than carboni"

'1n contents of lablal glands of Slmuilum VIttatum larvae.
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*Lhcaé et al (1960) could not correlate 51m11ar1ty of

E amino ac1d content of 51lks w1th s1m1lar1ty 1n bxolog1cal |

‘functlon of the 51lks or degree of relatedness of .. the

:s1lk splnnlng arthropods they studled On the other hand

ucommon to the f1ve aquatlc 51lks so far analyzed are hlgh

proportlons of the ba51c amlno ac1ds ly51ne and arglnlne,‘

.and falrly hlgh proportlons of amlno ac1ds w1th large 51deby

ChalnS As well Szmul lum v1ttatum, and Chmono (is tentans
qfamllles,-

g_and the1r 51lks are- 51m1lar, overall 1n amlno ac1d contentic

':and C palllleIttatus belong to closely related

Elemental analy51s showed no 51mple relatlon between e

"7colour and content of elements heav1er than carbon Opaque

ds1lk could be polymerlzed clear 51lk .or clear 51lk to whlch//

“ﬁ_isome organlc substance has been added Engster (1976a)

thUQgested that Pycnopsyche guttlFeP lablal gland contents S ’

”*jfchanged from‘translucent to opaque because of allgnment of'

; (9~,_

”',.flbr01n molecules, polymerlzatlon or tannlng

.'f551lks are wetted enzymes and phenols in; the 51lk react to ‘

Brunet and Coles (1974) studled the tannlng of
f'Saturnlldae (Lepldoptera) cocoon 51lks When these wh1te‘~
X : f.'
1produce, after Ox1dat10n tannlng agents wh1ch turn the 511k ;J”
‘;b;own.f S1nce ly51ne 1s so,common in the aquatlc s1lks

;,Studied,ntannlngrwould produce many crosslanks between

'Hf‘protéin ﬁolecules' The crossllnks could b1nd rlbbons of

s1lk where they touch each other, strengthen1ng cocoons
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7;3ﬁ2 Changestin‘Silk‘asilarvaevdeve10pe

The close 51m11ar1ty in -amino- ac1d content between

, fourth to s1xth 1nstar brown 51lk and last 1nstar brown s1lk
‘suggeéts, but does not prove, that the two have 1dent1cal
1prote1n content 51nce proportlons of am1no acids in a"

'sample tell nothlng of the number of protelns,‘thelr sxze,

o
‘ or thelr amino. ac1d sequences. c

Slmullum VIttatum larvae sp1n a spec1al protelnaceous

substance, brown 51lk to make attachment dlSCS and anchoredw -

:f'llnes.3 As larvae mature grow1ng 1mag1nal dlSCS enlarge the

thorax,_ ThlS 1s about .a day before cocoon splnnlng beglns‘

(Hinton, 1958) Opaque 51lk the only klﬂd fOUﬂd ln gla“ds»r*

'hhof these very mature last 1nstar larvae, probably makes up
'r“cocoons Clear s1lk never reachlng the mouthparts,‘is
a3probably a precprsor of opaque 51lk Arrlval of opaque 51lk}_'”
hfat the mouthparts could stlmulate larvae to begln splnnlng :

&the1r cocoons. j' ‘rfk‘g'qj j,7? ;",n_. ’#pi

7. 3 3 Mechanlcal propertles i‘f_'\, "; L ,l 'f?

leferences in amlno ac1d content between 51lks can-

t”*‘51gnal dlfferences in mechanlcal propertles (Wa1nwrlght et
'I 1976) and dlfferences 1n ab111t1es of 51lk 1n cocoons'.
'fand pads to rotate llght p8551ng through them 1mply

-d1fferences'1n other phy51cal propertles._fQ' e

Larval 51lk as attachment pads and anchored lJnes,

7re51sts only ten51le stresses from the larvae grlpplng 1t.

»",A cocoon, bQSIdeS re51st1ng ten51le stresses pulllng 1t from
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" the subStrate, resists compressive stresses, The cocoon,
‘llke a broad arch transmitsﬁto the substratefcompressiVe
. stresses that the pupa would have felt. The matr1x that
lprobably suspends the proteln flbers probably translates
»compress1ve stresses~on the cocoon{to tens1le.stresses in

the‘proteln fibérs, iThus’the differenCe in coﬁposition

‘probablf/reflects different blnddng properties‘of'the o

protein fibers to the matrix,.rather‘than a special'

- ' conformation of the protein for resisting compression.

:@?7 3 4 Further work _" B . ‘ ‘l%l

Lablal glands of black fly larvae appear to have only

3‘one secretory reg1on (MacGregor and Mackle, 1967) SllkS

«these glands produce have well deflned roles and relatlvely""

large and clean samples can be obtalned It would be:
e

interestlng to study how the change of secretlon from larval

f

”to cocoon 51lk is controlled to look for changes in the;.
.'kpattern of puffs on. the chromosomes (Basrur, 1959),-and_to
hecheck for changes 1n f1ne structure = |
: Measurlng mechanlcal propertles of each 51lk could alsoig-
s’be rewardlng J7r'fr ; o | pil;;\;'
Prellmlnary study showed changes 1n volume and colour
‘dof 51lk in para51tlzed larvae. Further study of 51lk |

: productlon of para51t1zed larvae could have pract1cal use

A



87 Evolution of attachment oﬁ black-fly larvae

.To'the extent that larvae ln'Simuliidae have,the'same
,general structure and follow ‘the same k1nd ofr llfe |
"_(Crosske_y, _1,981)“, and to the extent that Slmullum vittatum
larvae are typical\black—fly larvae, results of the present
.studies can be applied to Simuliidae as a whole. lt WOuld
-he 1nterest1ng to f1nd 51mu111d larvae with very dlfferent
*structures (e. g. lacklng‘tubercles on hooks of-anal’
: prolegs) .or differentlbehavlour.durlngflooping It would
'be 1llum1nat1ng to study the reasons for those dlfferences ‘
: Black-fly larvae attach themselves to the substrate by
comb1n1hg, through tHeir . behav1our,‘elements structural and
‘secreted We would understand hon thlS method of attachment
h aroseﬂ:?(we knew how changes dg structure, secretlon and
behav1our corresponded to eachfother, and tovlnyaSLOns:of :3

'what ‘Bock (1965) called adaptlve zones;" 'Thevfollowing'

1nferences suggest that the method of attﬂchment of larval

.v;black flleS arose through adaptatlon to feedlng on rocks

- over wh1ch water.flowed,gand that the‘method was reflned

duriﬁg a shift to oaSSiVe fllterffeeding;
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8.1 Method ofﬂinference'
‘ Anderson (1979) inferred'seguences.of evglutionary'
events by adding information to'arreconstructed phylogeny.
My method based on Anderson's (1979) method)of evolutlonary
1nference, takes this path |
'1) Present a cladogram of the group.
,2) Fit character states to the cladogram, and 1nfer
‘phenocllnes and 1ntermed1ate states forsthese |
characters. Ex¥g£8up.comparisons”help to guide these‘
'inferences..x-‘ | '. '_ ' | .L - 'fv ” /
3).Réferriﬁg both.td‘thehcladogram,and to.informationvh
ahout the niches of eXtant spec1es, infer'a’series ofi
’radaptlve zones 1in whlch the group could have evolved
To flll gaps in the Serles, 1nfer 1ntermed1ate adaptlve
.zones | ‘ | | | ’ B
h4) Presend the cladogram agaln, addlng 1nformat1on
gathered in steps 2 and 3 to,show how changes~1n the:
.group correspond to each other. | " |
YS) Follow the lineage through 1nferred changes of
‘character state and adaptlve zone to guess at how the
‘group evolvedt | ‘ R
ﬂAnderson (1979) faced ‘in his ‘study group, w1th many
1nva51ons of the same adaptlve zones, dealt generally w1th
.;adaptatlons to .each zone The follow1ng deals w1th spec1f1c"

&
-1nva51ons and adaptatlons along one 11ne
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8.2 Ciadogram;offCulicomorpna
| Figure 42 is a tladogram of the. cullcomorphan famllles
~based on Hennig's (1973) reconstructed phylogeny, with
information added from wood (1978) and Crosskey (1969).
Rohdendorf (1974, p. 292) placed Orphnephilidea |
(=Thaomaleidae) outside of Culicomorpha, but admits
"cnohdenaorf;'1974;_b; 58) insufficiéht knowledge of that.
family..'Otherwise, Rohdendorf s (1974, p. 292) -
reconstructed phylogweny of Cullcomorpha generally agrees
with Hennig's (1;§;I%>ews. Accordlng to Wood (]978)
black—flies thatfdo notkfiiter—feed as laryae (Tw:nnta,
fGymnopafs,'and Cnozetié),;are descendants of'sarious
black—fliesvthatcfilter-fedvas‘larvae.._Simuliids.with‘
sepizoic'larvae (living attached. to Other'anima1S) belong to -
Simul ium (Phoretomyia) ‘and to S. (Lewisellum), and are_‘most‘ |
closely related,to S. (Meil]onfe]fum) hirsdtuh.Pomeroy d_  ;

(CroSskey,i1969),

8.3 CharaEner states
Table 11T dlsplays names of characters and shows, w1th
abbrev1at1onsd clines 1n‘the1r states,“derlved states llsted

after ancestral states. Thesexcharacter.states are briefly

¢ described in the folloWingvfonr paragraphs.

Lateral'palatal brushesdof thaumaIeid (Leathers, 1924)Lv
'dixid, and culicid larvae have many~rows"of short briStles_f‘

(£). A lateral palatal brush (cephalic fan) of a black-fly
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larva has a single row of long bristles (£'). ‘Larvae'in
different-simuliid-lines have slmplevlateral palatal |
hrushes,,or_none at all (£'') (Wood, 1978).

| "Larvae in most (seeAKeilin' 1944) dipteran famlliés.
*Exchange resp1ratory gases through splracles (g) Dixid,
Culldld thaumaleld and some chaobor1d‘larvae belonépto
that_group.'»Othér chaoborid_larvae, and;larvae of |
ceratopogonids, Chaoborids, and simuliids exehange
respiratorvvgases across the euticle'(g').

Outside Culioomorpha, only nymphomyiid (Cutten and
Kevan, 1970) and tanyder1d (Exner and Cralgi 1976) larvae
have. anal prolegs. The-p051tlons (ventrolateral to the
o anus) of" anal combs on d1x1d larvae (Peters,‘1981), of the

anal apparatus on some chaoborld_larvae (Peus,‘1934), and of
lthe ventrallbrush on‘culicid and chaohoria larvae suggest
-that pr1m1t1ve cullcomorph larvae had at least rudlmentary
anal prolegs (p). No nematoceran larva out515e
Thaumaleldae, Ceratopogonldae, Chlronomldae, and S1mu111dae
4has thorac1c (p") prolegs (Hlnton 1955) - Simuliid larvae
have prolegs w1th supportlng scler1tes and hook tubercles
‘\(p") ’ ; . | . .
N Hlnton (1955)\suggested that whlle prolegs of
chlronomld and ceratbpogonld ‘larvae were homologous prolegs'1
arose. 1ndependently 1n the llnes leadlng to Thaumaleldae and |
Slmul11dae | | X |
Two llnes of" ev1dence support Hlnton S conclu51on

' Flrstly, thorac1c and anal prolegs appear as 51ngle'
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‘Table I11. Some clines of larval features in the evolution
of Simuliidae from a pre-thaumaleid ancestor. . ’

__..—-—-——————..—__.._.—__--.__..._-...___—...._...__-_.-__.-....—.-._-._.——....__._...__._._.......

Lateral Palatal Brushes
: ‘many rows of short bristles

f* .one row of long brlstles

£ reduced or lost . P !

S Gas Exchange
g spiracular’ S
g' <cuticular
. . _ | ) e
_ , A - ‘Prolegs
Pp anal o o
p' prothoracic and anal
p'' fused, sclerites, hook tubercles .

Labial Gland Secretion
S mucus holding food particles to mouthparts
s' attachment silk ,
s'' attachment 51lk and cocoon 51lk

structures in 51mu111d embryos (Kolllker 1842; Cralg,
’-1969), suggestlng that they arose as 51ngle structures

D.A. Cralg (pers comm, ) 1nterprets ‘the notch in the t1p of

‘the developlng thorac1c proleg (Cralg, 1969) as the

J

| ' ‘ .
presumpt;ve.gaps un the clrclet_of hooks, 'Secondly,

thaumaleid larVae bear.unihterrupted‘rows‘of‘hooks on thelr
unpaired prothoracic“prolegs (Saunders, 1923)h This
suggests that unpalred thaumaleld and simuliid prolegs
dlffer 1n origin from the palred prolegs of ceratopogonld
~and chlronomld larvae. o
’On~the other hand these four famllles are thought to

'h'g\\/ZF closely related (Flgure 42) ~ Also, the prolegs arose
o .

om homologous segments (Table 50) and are simila{ in shape -
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and musculature (Hennig, 1948, 1952, 1973; Hinton, 1955),
_Palred prothoracic and anal prolegs probably arose early in
rthe Gblronom01dea llne} and these fused independently in the
'Tbaumaleidae and Simuliidae lines. Unpaired thoracic and
~anal prolegs probébly did not arise early in thé
Chlronom01dea 11ne for two reasons, Firstly, dipterah
larvae outsxde Chlronom01dea posse551ng anal prolegs,
nymphomyllds (Cutten and Kevan, 1970) " ‘and tanyderids gE;hér
and-Craig,. 1976), h;ve'paired anal proleés. Secoﬁdly,
primiti&e ceratopogonid (Hennig, 19%3) and chironomid
'(Brdndin, 1966) larvde have paired thoracic énd.anal prolegs
while'lArVaé’in moré‘derived,groups in these ﬁamilies
(Hénnig, 1973) hévevfused énai or thoracic prOi;gs, orqbofh
V(Table s50). . o B |
Hinton (1955) deééribed_and‘ilihstrated prolegs of some

cbironomoid larvae, but he showed no atfempt to'hdmdlogizé
l‘muscies oprrdléds, Some of the‘differencés Hintdn,(1955)'r
d‘saQ could Ee>explained by different dégrees of -fusion.
_Hintoh\01955) reallzed that dlfferences in degree af fu51on
should not suggest dlfferences of orlgln, 51nce he noted (e’
g.; Table IV) that prolegs of some ch1ronom1ds and .
ceratopogonids .are Vd;lOUSly fused and reduced

.- An-attempt to homologlze muscles and sens1lla of
'prolegs of'membe:s:df ChirohomdideaWwouldnhelp to resolve
~this queétion.déuﬁfii thén,‘Hennig's'(1948, ]950? 1973} view
Stilllstands: pfolegs-of cﬁﬁfoﬁpmoid.lé}vae_are prdpably-

’ homologous. o 'jﬁ



“Table IV. Number and dlstrlbutlon of prolegs bf‘ch1ronomglda
larvae (from H1nton, 1955) R A : RRE

'Thoraxuiia{i_fAbdohéhhgf.?.AbdoményTOIl

‘:ﬁTﬁéﬁméléideé‘?"d‘dlﬁlTi,s s’l:t'; 1if_;t o :;lf Lk
Simulifdae © 10—

'J,_’c}é'r'»at',pgso-g;_ai’daé_ 02 1_2 g B

‘~f'_¢hir§homiaae*5,f%j”;o1e2-’;':“~”,f7f”4'4'{"-’f_"i-g"

i.‘;{;:r Lablal glands of pr1m1t1ve (Henn1g, 1973):ceratopogon1df“n
larvae produce 51lk (s )”used for attachment (Thomsen,,”’ |

1937) 'as do glands of chlronomld and 51mu111d larvae

oy

rwéj’lLablal glahd secretlons of d1x1d CUllCld chaoborld

A

o fthaumaleld larvae need not wet food 51nce the larvae are,f~*

"gf;aquatlc, and 1f they began to dlgest food, water flowlng - Zie

ST / ~, LT eda

wﬁ»,rabout the mouthparts would carry nutrlents away g Instead
'these secretlons would probably be mucus (s) holdlng o
u~;part1cles of . food on the mouthparts Mucuous (from glands

fother\than lablal glands) holds partlcles on mouthparts of

'f_v.}fipfflarval 51mu111ds (Ross and Cralg,.1980) : Among cullcomorph

7

‘”larvae,:only 51mu111ds and perhaps d1x1ds (Elllott and
Tullett 1977 Pennak 1978 p, 681) produce a second lablal*

'r/gland secretlon used for attachlng and protectlng the pupa S

( ") . At least some chlronomld larvae spln cocoons (Darby,gf

19@2) but whether these are made of ‘a. second secretlon 15
o . . B

‘ .unknown ‘;Ff :ff:’ ' o
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llcullc1d (Pucat 1965) thaumaleld (Stone ?964)
:vceratopogonld (Thomsen 1937),Tch1ronom1d (Brundln ]965)7;'"

o and 51mu111d (Burton 1973) larvae

frocks would have less detrltus and plankton than

byt des

13 %

i 8 4 Adaptlve zones h;gf'dg‘ - e :';__-f -‘ o

Early dlpteran/larvae probably "". populatedc
@

dseml llqu1d medla such as detrltus or decaylng plant matter

(Rohdendorf 1974- p 8) f They would have llved

’yﬁhalf submerged 1n these medla, keeplng thelr quracles above “
"ﬁttheisurface Whlle thauma]e1d larvae are hygropetrlc, |
'“'(Thienemann 1909) d1x1d cu11c1d and chaoborld larvae are

-{Pglégié;v Hennlg [1€73) suggested *hat d1x1d and thaumaleldvi

‘- :,larvae live at the interface of waz: er and land Thelr

e

f,hcommon ancestor could have llved semi- submerged 1n a f11m offv
,fwater The seml—submerged zone helps to flll the gap
Vfﬁbetween the early dlpteran seml—llqu1d zone, the pela91C'

*;jzone,'and the hygropetrlc zone Detrltus,;algae,vand»

- mlcroorganlsms would be abundant 1n the seml submerged zone° :
‘ especwally algae because a’ fllm of water would fllter out

df‘llttle sunllght : Algae makes up part of the dlets of fdi,ld*’

i

.“ L

Hygnopetr1c zones, where fllms of water flow over,l_'

e ,"*‘

,;seml—submerged zoné, but would have flourlshlng crops of

_ encrustlng algaé/ R1ffles and splas;es would make h1d1n

J o

*ffrom predators eaé‘er than 1n the sem1 Smeerged zone

Below hg surface of - flow1ng water .1n the benth1c

“W(lotlc) /6ne, algae do not grow as well as near the surface,]n

AltUS collects where the water slows down Ry
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R

Anlmals 1n the pa551ve fllter feedlng zone are

“v1ndependent of strlctly local food sources ‘in that the1r

2”.(g) had rudlmentary anal

jfood can come from sources some d1stance upstream.

: The eplllthlc zone flllS the,gap between the benth1c
and the pa551ve fllter‘feedlng zones. ‘The strong currents
in thlS zone orlent anlmals and carry many partlcles

Larvae along the 51mu111d llne last 1nvaded the eplzo1cgi
lzone.: Hosts probably protect larvae‘and pupae from some e
lpredators, from strong currents (Lew1s,‘1960);5and from
.?droughts (Raybould et al,, 1978), but larvae must competeid!
‘i w1th others of thelr -own spec125‘for attachment 51tes ;’
hﬂ(Grenler et al 1965) : Slnce larvae 1n non phoretlc

fspec1es llve 1n the same streams that pgoretlc larvae llve"'
r;% ‘." :

(Grenler etoa] "1965) 1ntraspec1f1c,vrather than
‘1nterspec1f1c,.d1fferent1a1 surv1val probably drove the .

"3s1mu111d 1nva51on of the eplzdvc adaptlve zone.

i875 Evolut1on of larval attachment
. Flgure 42 shows how changes of larval features could
have corresponded to changes of larval adaptlve zone 1n thel’
;pancestry of Slmullldae.g Accordlng to thlS scheme, larvae 1n-z
“the sem1 submerged adaptlve zone breathed through splracles
\prolegs (p) scrapmd partlﬂles up

from the substrate ’and flltered them out w1tm lateral

”ﬂpalatal brushes (f)iiﬁj}
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'fgps

petrlc (Lotic) = -

"Flgure 42 A cladogram of Cul1comorpha, based on . Hennlg

(1973), WOo@ (1978), and Crosskey (1969) , showing adaptive
zones: 1nvaded (bottom line), and changes of .some features:

. (see Table II1) of larvae. Cb= Chaoboridae’,

_“Ce=Ceratopogonidae, Ch= Chironomidae, Cr= Crozetla, : '
Cu=Culicidae, Di= Dixidae, Gy= Gymnopals, Si=most S1mu111dae,
“S{L)=Simuljum (Lewisellum),” S(®)=S:. (Phor-etomyla) ’ -

Th= Thaumaleldae, Tw= Twrnnla.q.‘h»a,

__._._._._..—__—-—————-————_——_—-—___'_..__..______.'....‘.._.___.._____....__..__

. the bottom (Chapter 3) and var1ous brushes on the'
nivmouthparts for catchlng and concentratlng floatlng 4
igfpart1culate food Food partlcles stuck to mouthparts coatedf.
;kw1th mucuous from the lab1a1 glands (s) Lateral begdlngsv__'
;f'of th81$§§%rm llke bodles allowed these larvae to move aboﬁtf 

vwlthout hav1ng to work agalnst surface tens1on (Chapter 2)



’ 'f[have left mucous behlnd on the substrate for the thorac1c
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Larvae in one descendant line. spec1allzed in fllterlng
..planktonlc food and- became able to. float.‘ ThlS 11ne gave
tr;se to Dlxrdae, Cu11c1dae, and Chaobor1dae. o
i;n,"‘Larvae in a 51ster descendant llne spec1allzegyﬁ
-*gra21ng encrusted food and became able to. grasp the
}substrate w1th setae ventro lateral on the prothorac1c~
cutlcle‘(p ) More flrmly anchored these larvae couldxvt'
fgraze more eff1c1ently in- the sem1 Submerged zone, and were‘~'
deven able to graze whlle water flowed around them ThlS
'lelne entered the hygropetrlc zone, developed th1s thorac1c
lvbroleg (P ) further, and gave rlse to Thaupale1dae.: L

‘Larvae 1n a slster llnekdﬂ%?haumalefdae could have lald,

,”mucus from thelr sallvary glands down on- the substrate thenl

uretr1eved the mucus and the food stuck to 1t as some f

::chlronomld larvae now do (Walshe, 1951) f Descendants coul,fd

and anal\prolegs to grasp ~Descendant larvae that COuld By
drely on - lablal gland s1lk (s ) alone for attachment :,tj

‘needlng a mat of algae to grasp, could scrape the substrate t

-'t‘f'clean of algae ’ The mandlble past hypostom1um method of‘ lr.

B scraplng the substrate became the method of: cuttlng off 51lkfi

J,

”(Chapter 3) and some brushes on the\mouthpartf

3.

hat_oncepﬁv%ﬁ
._dhandled food ﬁcame to handle 51lk PEE -
J Improved attachment that lab1al gland 51lk provxded
“3allowed development of cut1cular gas exchange (g ) |
"”,Cutlcular gas exchange 1s adequate for an aquatlc 1nsect.s

‘htuneeds only 1f water flows over the cut1cl ('.‘g.‘;ngg;ns, ;n



flowing water, allowed them to 11ve free of dlrect

.;depth-r ThlS 11ne entered the benthlc zone of runn1ng

'.'\;'1937)

';palatal brushes caught before they washed away, food
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1977;_pp;‘16—19)‘ -Silk enabllng larvae to stay attached in "~

¥

dependehce on atmospherlc alrf in flow1ng water at any

‘(lOtIC) water , and gavevrlserto Ceratopogonldae and
"lehlronomldae. Larvae in ceratopogonld and ch1ronom1d llnesf‘
-later 1nvaded many other adaptlve zones, but thelr pr1m1t1ve

‘T:'adaptlve .zone was. benthlc (lotlc) (Brundnn 1966 Thomsen,

‘ﬁl

Rheophlllc larvae 1n a. 51ster 11ne to Ceratopogonldae

A plus Chlronomldae attached themselves to the substrate by'

"anal prolegs and tralled thelr bodles downstream : Larvae;

.‘( a

1n th1s llne\entered the eplllthlc zone,_where lateral S

"partlcl,s scraped up by the mandlbles . Lateral bendlng for f

'«llocomotlon 1n the seml—aubmerged zone: became looplng 1n the o
ahfslower water close to the substrate 1n the eplllthlc zone

_These larvae spun cocoons of a second lablal 511k (s"));and"

molted to pupae 1n51de Cocoons protected pupae from belng

‘».Qwashed away,,and from belng preyed on

Larvae 1n a descendant 11ne seldom scraped the bottom

.

Vf““but kept on f11tér1ng the pa551ng water. Hav1ng entered the‘d
,pa551ve fllter feed1ng zone,»larvae w1th‘large head fans
U(f ) and larvae that held these fans in faster currents
dabove the boundary layer were- selected for Th1s 1n turn
‘caused larvae w1th strong,»eff1c1ent attachment to be'

»gselected for ” Prolegs fused and developed spec1al

‘\‘,r
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‘sclerltes,ganal prolegs shortened and hooks developed »
tubercles (p'"). Attachmenthwould'not.have 1mproved‘greatly'
without selection pressure caused by improvedjfiltering‘
ﬂfaculties. ‘At‘the same‘time,]filteringlcould not‘have‘
:improved greatly without’matChing.improvements inl
'attachment' R o | |

Black fly larvae at headwaters have few upstream.;

"dﬁsources of float1ng food partlcles.: Ancestors of TWInnia

and Gymnopals dependlng more. and more on food they scraped |
_up w1th thelr mandlbles and hypostomlal teeth retalned- -
:untll the pupal stage, the fanless cond1t10n'(f") of
'}flrst—lnstar larvae of thelr PPOSImullum forebears (Wood
g1978) : Ancestors of Crozetla raked in extra food by

‘touchlng the substrate w1th thelr fan tlps and then c1051ng

&

' flfthelr fans. Tlps of fan rays in that llne became rakes and

‘-7Wthe c1051ng mechanlsm 51mpler (see Dav1es 1974) Larvae-;n_

lv_these llnes have re1nvaded the ep1l1th1c and the benthlc

‘(lOtIC) adaptlve zones,}and weaker detachment forces on

larvae there could help to expla1n the loss of posterlor_l

L:arms of anal sclerltes on. thnnla and Gymnopals larvae

| " Larvae 1n another line of Slmullldae (Crosskey, 1969)

frattached themselves to river crabs (Slmullum (Lersel7um))
?and to mayfly nymphs (S; ‘(PhOFetomyla)) V'Some changes-of_xﬁ’
glarval structure (Crosskey, l969lfj1ncon51stent among the'¥:

.f spec1es, have occurred ‘in thlS ep1201c zone, | -

Wh1le the fonm of\attachment of black fly larvae

“developed through a’ contlnuum of aifptlve,zones,;lt,also
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‘developed'throughfpreadaptations. Lateral bending,.adaptedv
,blfor locomotlon‘in films of water; was‘preadapted'for looping»
-in the slow currentvnear the bottom (Chapter 2). Lablal
\j glands,,adapted~for produCing sallVa, were preadapted for:
ﬁiproduc1ng mucus which stuck food partlcles to mouthparts in.
N the semi- submerged and hygropetrlc zones | Thisppreadapted
.them further for.produc1ng 51lk grasped by the prolegS'for
- attachment vTh1s preadapted lablal glands still further for
produc1ng 51lk spun 1nto cocoons that attached and protected
'_pupae Hooks on both thorac1c and anal prolegs, adapted for
grasplng the substrate and encrustlng algae, were preadapted
:for grasplng 51lk Brushes on the mouthparts, adapted for
'concentratlng partlcles and handllng fllaments of algae, and'
dfortspread;ng mucus;amongst_each other were preadapted for
L Spreading silk: on the'substrate‘ Mandlbular and/mental |
7[teeth‘ adapted for worklng together to scrape up encrust1ng
flayersoof algae and detrltus, were preadapted for\cuttrng

"fllaments of 51lk

- 98.6 summary
t To.sumﬁarize;‘Culicomorpha*probably cahe to’be when o
ancestorsﬁenteredv as larvae, the semi- submerged adaptlve
e, Cu11comorph larvae in the l1ne leadlng to Slmul11dae
Jnvaded ;1n succe551on at least four adaptlve zones..lAtkr
'least two 1ndependent rever51ons to the benthlc (lotlc)-zone_

foccurred,'and two d1verg1ng llnes 1nvaded the ep1201c zone.
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Facultles developed in one adapt1ve zone.allowed 1nva51on of
.‘new adaptlve zones adjacent and did not prevent re- 1nva51on
of at least one adaptlve zone. |

- The method of attachment unlque to black fly larvae

@

' probably arose through adaptatlon to feedlng in flow1ng
%

water and was probably refined durlng a Shlft to ep111th1c

life and pass1ve fllter feedlng ,Ingerred developments in .

-

adapt1ve zones invaded in the sequence: éemi—submerged, v
hygropetric 'benthlc,(lotic) ep111th1c: and passive filter
feedlng give rlse to this conclu51oﬁ ‘ B
This picture, conslstent wrth_avallable.informatlon~on‘
niches of.living culicomorph larvae,‘and'COnsiStent with
'v1ews now held on cullcomorphan phylogeny,.Shows h0w;some“
changes of structure, secret1on, and behav1our~ could‘havei
correqponded to each other and to invasions of adaptlve
zones. Through this sequence of developments larvae were
‘-probably preadapted for loop1ng, for 51lk produCtiOn‘ for
'.;prolegsggrasplng 51%k;'and for mouthparts handl1ng and o
cutting.silk. ‘New vlews emerged of the nlches and anatomy
of larvae ancestral to Cullcomorpha and of larvae ancestral
‘to Slmullldae ' Improved attachment probably allowed
'pdevelopment of cutlcular gas exchange 1n cullcomorphs, and

‘fof pa551ve fllter feedlng in Slmu111dae

o



9. Conclus1on
‘To attach themselves to the substrate, Slmullum
vittatum’ larvae combine, through coordlnated behav1our,
sophisticated structures withna.specific'secretion.
hehaviourbfor‘attachment foiiows a specific.path' }.
C1051ng 1ts cephallc fans, and bendlng its body laterally, a

' S VIttatum larva brlngs its héad to the substrate. It

- grasps the free end of the r1bbon of 51lk at the salivary

I

'sllt with lac1n1al splnes and external max&llary brushes
~ and protractlng ‘the maxillae, applaeS»that s;lk.to the
substrate. The'thoracic proleg attaches to the silk, and

.the mouthparts trall a bit of silk on ahead “Anter{or to

’- -

where ‘the thorac1c proleg is attached the larva splns out

more 51lk on the substrate ‘The max1llae daub and spread .

51lk over a w1de area

When the-area‘of ‘substrate is covered}1the larva makes

the ribbon of silk narrow by moving its salivary slit

‘posteroventrally.f Adducting its mandibies}‘the larva cucs,‘
the silk‘between the;mandibular»and mental teeth{f<The larna'
then.abducts'its mandibles; anduplants its mental.teeth.intH
,the siyk'at,thenanterfor end-of“the nen.pad; Mandiblesathen
adduct-nearly.to theumentum,.gathering and_grasping silk to

Y

v;attach'the.head tofthe*pad,
| Theflarva:then/detaches its anal proleg fromwthe old
"pad‘of silk Bendlng its body 1atera11y agaln, it brlngSj;
:1ts anal proleg to the pad of silk between the attached

1

.‘thoracrc proleg and mouthparts. ‘Anterlor_hooks,of the anal S
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,prbleg attach first; then the anal sclerite, flexed‘inward,
'»straightenS' pnlllng posterior ‘hooks into the silk.

The larva then abducts its mandlbles, and its head
releases from the new pad Almost at the samegtlme,/{he
larva retracts the centre of,the tip of its thoracic proleg,
'detachlng central hooks of -the thorac1c proleg from the pad.
/ Hooks perlpheral on the thorac1c proleg detach last from the

fresh-stlcky'51lk, brlstles of“the lateral sclerlte pushlng
hthe‘silk and hooks,apart lThe attachment is complete.b
TUbercles on'hooks of - the anal proleg prevent those hooks -
from vorklngvloose from- the pad | |

Larvae do not'scrape up the pads of silk they abandon
pand these pads bear marks of where the thorac1c proleg,
lmouthparts and the anal proleg attached Pads of 511k
larvae attach to whlle mov1ng about conta1n less 51lk than
pads larvae attach to whlle fllter feedlng This probably
helps,larvae to conserve151lk. Pads of 51lk’rotraway'in a
few days-‘so a larva rlsks detachment if it’remains attachedf
to a pad for too long , | “ |

When/larvae'approachvthe“molt to pupa, their labialyll
‘élands stop secretin§~the,silk that larvae use for
attachment.” Whlle‘larvae are depleting their stores of. this
silkv cells of lablal glands secrete a dlfferent silk that
larvae later sp1n to make cocoons

Elements of the 51mu111d method of attachment could
have ar1sen in the folIOW1ng way. Anal prolegs andrlateral_

'bend1ng helped larvae to move about in films of water
oe | \ 3 ‘ | : :

T
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‘covering solid subgtrates; the angestrai culicomorphan
habitat. Prothofacic prélegs, arisingyla;érf'freed’the7head
from its forméf role as the only antérior attéchmeht;‘ahd
méde feeding eaéief in flowing films of water, the ancestral
~chironomoidean habitat. Attachm;;t 6f'thks of prolégs‘to
- viscous, sticgy saliva (si}k) helped larvae in the'benthic
(lotic) zoheiéo‘stay attachéd_to the.substrafe Qhere algée
wété scarce. finally, Changes t@?pfélégs'helped larvae in
‘ﬁhe epilithic éqne to_attach‘étronglyvto silk and thus stay

I

7Lattached‘while passively filter-feeding,

o
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Table A-10ﬁ’_Chargcteristics of field site bn‘Sturgeon River

- e e o T M s . M ot - T T e e o S D e o —

Location

._Altitude

"100m*hp5tfeam of bridgé g@ road

betweenlOnoway and Calahoo,” 25 km NW

i

. of Edmonton Alberta, Canada 114°

Geological~Formation

Soil

Phytogeégraph1c

'“’Reglon

o

‘Human Economy

@

. . &Domlnant‘. Plants . "_, .

,680‘m

Edmonton,'V...cbmbbsed-oﬁiafay

’and Balsam Poplar (Populus ]7\,
 ..ba7samlFera L. )gmg;

‘:Mlxed farmlng

w
02'-w 53° aar

flnterbedded bentonltlc shales and
. sandstones.. " (Llndsay etfal.,
1968, p;'18) |

'YPOdZOIIC (Orthlc Gray Wooded)"
 Parkland near tran51tlon to Boreél
 'Forest‘ | |

‘Aspen (Populus tremulo;des MlChaux)

_‘Lindsay set al.,

1968,

Fa.




Table'Ar11. Phy51cal character1st1cs of -Sturgeon R1ver at
fieldxsire; 25 July to 02 August 1979.
____-_f--ﬁ-f__--r-;_;___~rr-r-_-ff---,__;;-;--____r___sf;_l-
Dralnage System “;' Hudson Bay
Sources . ! ¥ .Consecutlvely, Isle Lake Lac Sfe.

' | | Anne, Matchayau Lake (6 km

upstream), Toad Creek (5 kmf

’ upstrean)
'Slope : ffff‘ V%:%Aﬂ;;m-1/4 m per km _M,ﬁﬁf | s&.k
Ice Free. Perlo‘clw , f-- o 200-220 days,. Mld Aprll to Late
| 14 October" .
' Substrate - . 0dd boulders stones .less than 20 cm
v I A ,'.» dianeter, on‘closely packed gr@wel
v.' “;..mainlyfcf'quart21tes and chertsr
. ' with occasional arkose pebnlesr,s"
' E .¥ S ;.XLina‘Say,'et, al.', 1968, p.'"19)' |
Discharge ; : o 1585f5;66 m?/sec; mean»daily‘
~ Width | " . 37°m /' | 5
.iMaximum depth : c', | ;Q cm'iw !
iVelccity' f “'* l' 20 30 cm/sec among stakesT, 35 45
_ | cm/sec at polyethylene tapeT
pTenperarure' "‘, , 117 22 °C

e o e o T s o M e s - T e e - . i W o g e - — S s e ——— ——— — — — i —

o Env1ronment Canada hydrograph1d statlon near Vllleneuve,
lb@low confluence of Sturgeon Rlver w1th R1v1ere qu1 Barre.

V'TMeasured WIth a Steveﬂs m1dget current meter.'
\ .

- . & o . s t“
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<

Table A-12, Chemical and physical characteristics of water

in the Sturgeon River at field site, 31 July 1979.

Alkaliﬁity as | ‘%&
calcium carbonate:
Phenolphthalein -0. mg/1
Total: 45.137.6 mg/1 ' Z\“@i
pH - 7.18 S | R L
Conductance 270 umhos ,?%gf
Total residue k215QO mg/1. |
Iron ’ | 0.14 mg/l'~ 
Chloride 4.13 mg/Y
Colour - 105 |
» Thrbidity.’: | . 0:9 JTU
'::.Sulphate' | 11‘mg/1';
;ﬁardnESS as calcium ‘
vvcafﬁbﬁatezer | )
‘Caiciﬁm‘v | 84 mg/1 R
.Tdtalf ' 148 mg/1
Cbhginued on\hekﬁ page - \g‘b 1J
X
¢
/j "
. e
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Tablé A-12. .Concluded. Chemical and phyéical
characteristics of water in the Sturgeon River at field
‘site, 31 July 1979. .
N Silica - o ' 2.65 mg/l
Phosphaté: | | .
Ortho |  0.23 ng/1 - o /
'MégétPoly | "" 0.07 mé)% ‘ | | ' v‘ﬁl
Organic‘ . ”;;;\', 0.19 mg/1 ,f: } - o
Total o \O.Q;\mg/l | |
. ’ o \\ . ) g : .t
Nitrogen: : . S o Ce : ] a7
Ammonia | 0.010 mé/lﬁ}ﬁ%' »
- Organic A'} ) '7.;7H.2O mg/1 L vm
Nitrate - - - ;67.10.9 mg/1 Ay ,o; ‘\
Nitrite - % . 0.002 mg/; )
Total K’jel'd‘ah.l", | 71,21 mg/1 P
“SodiUm "_ | .22 mg/l .
"éotassiﬁm X < 5 mg/l
“\\QissolQed oxygen  'f10.2 mg/1 | S t 'H'.' | R
Y - , . o
.
« [
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Table A-13. Biological characteristics of Sturgeon River at

‘field site, 25 July to 02 August 1979.

o e e G — - — T t— " - — i t———— oy = o o - - —— -t - — T . i St — A — T —

" Dominant Plant ~ Potamogeton richardsonii (Bennett)
v . o R
7 * Rydberg
Aquatic Animals’ ' Physa Sp. ; Gammanus IaCUstrls Sars;

ﬁ'ﬂ

) Baetis two spp., Cheumatopsyche sSp.;
fMJH . ‘Hydnosgyche sp.; Hellcopsyche |
boreal is (Hagen);laeetzs rnconsplcua‘

(ﬁ%lkér); Ceraclea ariellies

(Denning); Simulium vittétum

,Zetterétedt S venustum Say or S \

Af venecundum Stone .and Jamnbacki o




12. Autobiography
I was born in Vermillon

Alberta in 1953, and grew up
on my parents's farm a few miles; away

: y. There, a respect for
animals replaced my initial fears of them.

time, and with my parents's encouragement

There, for a-
I collected
butterflies and moths. Smail‘creatures, fairy shrimps,
hover-flies lacewings; horsehair worms, |
small-5cale wor1ds

~and their
fascinated me.

I first entered the University of Alberta in 1971

plannlng to become an env1ronmenta1 blologlst Durlng a
break for'work and travel 1 remembered the small scale
worlda.'

Q

1974-tolﬁ

become, ‘an entomologlst A summer E work on: ‘the Athabasca

I returned to ‘the Unlver51ty of Alberta in
R1ver black—fly project

and a second: summer s work on
susceptlblllty of black f%y larvae to 1nsect1c1de
me to blachﬁfly larvae.

1ntroduced
1 recelved my Bachelor s degree in
1978 and 1mmedlately began thlS‘prOjeCt.
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