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r , ;-, ABSTRACTIr
J~

J ~-;.,

The re_~af1onship among simuliid species in the genus Hellichiella

from Europe~d North America was studied on the basis of their salivary

gland chromosomes, morphology and ecology. The banding pattern of

polytene chromosomes of eight species was examined and compared with

that of ~ congareenarum defined by Dunbar (1967) as the stapdard.

(from Norway) ,

from Britain) ~nd H. saccai (from Italy)
~,~ \ I

and the undescribed "Opinaga" (from Quebec) ,and "near dogieli" (from

Norway). ~ congareenarlDD, ~ anatinum and 'H~ innocens were rest~ied.

Species studied for the first time are ~ rendalense
\

~ latipes (subexcisum syn.

These species were found to differ from the standard by a minimum of

one and maximum of three 'fixed inversions. It, is concluded that the

sibling distinction be~een congareenarum and congareenarum 'b' proposed
.

bY,Dunbar (1967) is not valid and that H. anatinum differs from standard

by only one inversion.

The genus Hellichiella Riv.&Card. is redefined and distinguished

from'Eusimulium annulum group sensu stricto. Described for the first time ~

"are the larva, pupa and male of both ~ rendalense a?d ~ near dogieli',

\
The immature stages of H. rendalense,s.l. were di~covered in

shall~ seep,ges with water current 1-30 cm/sec-~nd te~era~ure 10°_16°C
'. ".

in sloping sedge-Sphagnum bogs. This habitat is the source of larxae
- .

and the pupa of !!:.. fallis1. The clPse- relationship of these species,
is confirmed both chromosomally and morphologically.';
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of these simuliids and'the origin of first order streams which are ~

secondarily colonized by these and ,other bog species. The occurrence

of related species in similar habitats in the Nearctic and Palaearctic

regionsestabilishes that sloping Sphagnum bogs, primarily in the Boreal



,
,,

i'"

ACKNOWLEDGEMENTS

~

I ---, (
I wish to express my gratitude to several persons who made·,

.... of .....

of Toronto under. the guidance and collaboration of Ptof. K.H. Rothfels

this study po~sible'. P~of. D.M. Davies supervised :md granted me the

opportunity and facilities to undertake a study which I had hoped-for
.'

some time to continue. Th~ chromosome analysis was done at_the U~ersity
• L

A~ indicated in the first chapt~r,f ., ' and technical help of Mna Kaneps.
~.... ....;

the foll~ni'persons sent me larval specimens from various localities \

for chromosome analysis: C. B,!-ck from James Bay, Quebec, R.W. Crosskey.'--··
. ,

and J.A. Bass from He~ts. and Dorset, Englapd respectively, L. Rivosecchi
. - , .

from Lazio,. Italy and R.W. Lake from Delaware, U.S.A.
."

'" My re~urn ~OpO~~Y\ inJ979 and" 1980 seasons was greatly

f.acilitated by the_ho~f D~. A._ i.ill~hamme~and ;aIj Raastad·at ..

the Zoological Museum, Oslo, who also 108ne~.to· me a~ortable pff meter
" ~ (' '. .
i~ 1980: My field work in Rendalen '~a~ fdrther.fac~litate by Ajas Kiaer

'.

-''.

...

r-I)
by-the water quality

~

~J., -

''''"v
.~.

~he·Rendal~n--qgion.

Most of the wa'ter analysis w.as'doIre
I ,,.'

,

data for

were measured at McMastetUniversity with assistance of Dr. Rolf Glat~haar

,..
laB~ratory of the Ontario ~nistry of the Environment; some water parameters

~ ~

'" -......
who assisted me with't~ans?ortation and looging in Doth 1979 a~ 1980;

a f:i.~ld cabin :l.n 1979 was proy,ided by 6l~a B~ and in 19Q.0 by Haav!!-rd

~~en wh~.alSO helped with transpor~~tion in the f~e.Director
Det Norske Meteorologiske Institutt, Oslo, kindly sent me the meteorogical

.- r, *

,



I

and the Auto Analyser II system in Dr. G.P. Harris'

plant specimens were identified with the assistance~~D J.S. Pringle

,
I .

,

at the Royal Botanical Gardens. Dr. R.W. Crosskey kindly let me analyse

type specimens of ~ latipes (subexcisum) at the British Museum (N.H.)

and loaned to me other specimens; his hospitality and advise on the

taxonomy is appreciated.' Drs. D.M. Wood and B.V. ~eterson kindly let

,.me analyse specimens. of !!.:. minus at' B.R.I., OttaOa and loaned tome

others for study'; Dr. R.W. Dunbar laid the groundwork for the chapter'
, .

on cytology and gave ~ermission.to reproduce some of his photographs
.. . "

'.

of stan ard sequences. Mrs. M. Freeman helped in preparing the

chromosom plates, and Misses K; McArthur and D. O'Quinn,!l.elped in typing

the thesis.

supported financially by McMaster University

.,scholarships ~d teaching' assistantship; to the author' and N.'S.E.R.C: .
....

grants' to Drs. D.M. Davie~ (McMaster) and K.H. Rothfels (TorontQ):

., ,

......

...

'~,'

,"..

.• r' ,

•

,
,4

,.

.,.

,..

.'.

-'I'"

..'

..•.. ....

.-



I

TABLE OF CONTENTS

Abstract
Acknowledgements
Table of Contents
List of Figures
List of 'Tables

Page

~i
'vii
iX
xi

" •

Introduction
Chapter 1 Cytology

Generalities
" ~ /' Features of Salivary Gland
'" ('Materials and Methods

" ! Results
~ Generalities "...... -,-"

.!!:.. congareenarum

.!!:.. mnocens '

.!!:.. anatinum '
Opinaga cytotype
.!!:.. ,near dogieli .
.!!:.. rendalense
.!!:.. latipes
.!!:.. sacca!
Discussion

Chromosomes

"

1

4
4

, 5
9
9
9

11
12
14
15
16
18
20
22

,

vii

Siblihg Species'
spp,•. from, Rendalen

,

.'
,

36
37
'37
37

, .

.'

,39
'40
40
41
45
51
52
52
62
62

,70
77'
81,,.
91
91

~
~.

r

. "

Chapter 2' Taxonomy
Generalities . ~
Hellichiella and ~ ~ulum~group sensu stricto
He1l1chiella Riv. & Card.,.,.

• Morphol~gical Charact~rs

Biology
Boreosimulium Rubz. &Yank.
Parahellichiella. gen. n.
" Morphological Characters

Biology
Background of 'Hellichiella frcm Repdalen
Material and Methods '
Results "
Morphol~at Separation of
DEYlcription of Hellichiella

" .!!:.. rendalense
~, neardogieli
H. "filllisi" ,

Stegopterna dogieli Usova
Diagnosis and Discussion

!!.:.. rendalense and .!!:../nea+ dogieli.
H. rendalense, H. fallisi and H. near dogieli
H. do-gieli and H. near dogieli-

i
I

I,
I
I .,

,
l'

I
\

\
,

,,
i
I.,
~","



I

i'

.j,
1

I,,
J

I
I
I
I

~ dogieli (Rubtsov, 1956)
~ latipes and ~ yerburyi
~ latipes and ~ saccd
~ congareenarum and ~ anatinum
~ congareenarum, ~ innocens and H. saccai
H. minus

Conclusion \

Chapter 3 EcOlO~
Generalities
Materials and Methods

Collecting Season~~'1979
Collecting Season of 1980
KsmyrtjBrna Bos

Results and Discussion ~

The P.alustrine Biotope
Hellichiella and Other Simuliid Species
Renidalen Bog
Ksmyrtjllrna Bog
Larval Drift
Larval Density
Current Preference

Geographical. Distribution
:Hellichie,lla spp. in Ontario and Other Regions .~ .
Distribution and Habitat Specificity Related to Host

Specificity.
The Palustrine Biotope, the Unifying'Factor in the

Epizootiology of Haemosporidia
Summary
References
Appendix

97
99

102
106
III
113
115

121
123
123
127
129
139
139
146
146
157
164
166
177
183
183

187

190
208
211 .
218

"

,
•

V \
\.

,



t

LIST OF FIGURES'

Chapter 1 Cytology ~~
Figs. 1-6. Idiograms of saliv gland chromosomes of

Hellichiella spp.
Figs. 7-11. IS chromosome banding sequences
Figs. 12-15 •. IL sequences
Figs. 16-25. lIS sequences
Figs. ·26-28. IllS sequences
Fi~. 29-31. IIL sequences
Fi~. 32-37. IIIL sequenc~

Fig. 38. Chrolnosome phylogeny of Hellichiella spp.

'p~e '

30

31
32
33
33
34 "34 ...

• 35

48
48 (.,
49
49
50
56
56
58
58
84
85
86
86
87
88
89
89
90 ,.
90

133
134
135
136,
138

f;6.2
17~

174 -... ....

175 I
176

181
.~",,", J,

,

{

\ •

\
'.

-,... -
ix

Ecology
Topography of Rendalen, Norway
Ren9dalen bog
Asmyrtjorna bog
Air and water temperature, Ren!dalen bog
Monthly' precipitation, Akrestrollllllen, Rendalen,
Distribution of ~ rendalense s.l. in RenSdalen
bog .and streams ,

Distribution of ~ vernum s .1.- in Renadalen bog
and streams '\ .

Distribution of St. duodecimata in Ren8dalen bog
and streams -. '. \ .

-Distribution""f !:.. aureum in Renadalejog and'
streams

Distribution of ~ noelleri in Renad~ie bog and
streams .

Abundance of .!!.:.. rendalense s.1. larvae r lative
to water current

Chapter 2 Taxonomy
Fig. 1. ~ meiged R. & C.
Fig. 2. ~ meiged R; & C. sensu Rubtsov (1971)
Fig. 3. ~ rendalense and ~ near dogieli
Fig. 4a. ~ dogieli after Rnbtsov 1962
Fig. 4b. H. dog~ after Usova 1961
Fig. Sa. H. rend«ense head fan rays (e,tology larvae)
Fig. 5b. ~ near dogieli head fan rays (cytology larvae)
Fig. 6a. H. rendalense head fan rays (EtOH larvae)
Fig. 6b. H. near dogieli head fan rays (EtOH larvae)
Fig. 7A-E. H. rendalense female \
Fig. 8A-C. H.'" rendalense male
Fig. 9A-E.· H.'" rendalense larva
Fig. 9F-G. H.'" rendalense pupa
Figs. 10A-E.-H.· near dogieli female
Figs. l1A-C. ~ near dogieli male
Figs. 12A-E. ~ near dogieli larva
Figs. 12F-G. .!!.:.. near dogieli pupa
Figs. 13A-H. H. fallisi female
Figs. 13I-J. H.'" fallisi pupa. -

Chapter 3
Fig. 1.

/'
Fig. 2.
Fig. 3.

• Fig.'4 .
Fig. 6.
Fig. 7.

i Fig. 'a.
I
! Fig. 9.,,
I

10.I. Fig.
t

I Fig. 11.

Fig. 12.

,

I
I_!

i
. !



"

I
I

I
i
.L._·f

I
['
t
I
I'

I
I

I
Fig. 13.

Fig. 14.

Fig. 15 •
.

Fig. 33,'
•

Fig. 34.'

Fig. 35.

Fig. 36.
Fig. 37.

Fig. 38.
Fig. 39.

Abundance of E. vemum s.l. larvae relative to
water current

Abundance of E. aureum larvae rela"fhe to
water current, '

Abundance of S. noelleri larvae relative to
water current ,

Distribution of bogs and peatland in the'Boreal·
zone ,

Distribution of .!!.:.. latipes, ..!!.:..'yerburyi and
!!..:.. sacca!

Distribution. of H. rendalense, H. fallisi,
!!..:.. nr. dogieli and !!..:.. dogieli -.

Distribution of H. anatinum and "Opinaga"
Distribution of .!!.:.. congareenarum and

1!:.. congareenarum 'b'
Distribution of !!..:.. innocens and !!..:.. rivuli
I!istribution of !!..:.. minus and .!!.:.. excisum

181

182

182

196

200

201 :'
202

203
204
205

J

229,,.
230

;

Fig. 40.
Fig. 41.

Fig. 23.
Fig. 24.

222
222

227
228

223

223
224
224
225
225
226
226

219
219
220
220
221
221

Fig. 26.
Fig•. 'P.
Fig. 28.
Fig. 29.,
Fig. 30.
Fig. 31.
Fig. 32.

Appendix
Fig. 16. View of ~e;:strOmmen and Mistra R. in Rendalen
Fig. 17. View of Re~dalen watershed
Fig. 18. ),Upper section of stream 012
Fit)9. Mid section of stream 014
Fig. O. Origin of stream 013
Fig. 1. View of Ren8dalen bog
Fig. 22. Periphery of RenQdalen bog, at origin of .

stream /lp .
Stream /113 ca. '3g m from the bog
Periphery of Renadalen bog and drainage brook

after rain
Fig. 25. Periphery of RenQdalen bog and drainage brook

before rain
Rubber 'strip used for larval density tests
View of FuglQsen
The lower edge of ~myrtjorna bog
Mid ismytjo~ bog
Stream draining new Griffin "bog"
Stream draining cattail marsh at· Caledon
The habitat of !!..:.. latipes' in Knebworth Wood ,t

Herts. England
Abundance and migration corridors of Canada goose
Abundance and migration corridors of the black
; duck

Fig. 42. Abundance of the golden,eye duck,in the Boreal
region

-
I·

I

J
t,
I
I

i~,
!

, .

, ,
x



"
,, •,

"

LIST OF TABLES --------

, ,

"

r

"

156
158

144
145
148

,
Page

26
207-
28
29 ,

43
54
55
57
59:
60
61.

116·
~

,
•117

118
119
120

'159

\

,153

154

149

~
150
151

15.
16.
17.

,"3 Ecology 0
, o'1. Vegetation of Renadalen BQd Asmytj~rna bogs

o2. Water quality of bogs (md streams-in Renadalen
3. Simuliids from Ren~dalen bog and streams, 191?
4. .!!.:.. rendalense and .!!.:.. near dogi$li larvae 'from

Renidalen, 1979
,,5. .!!.:.. rendalense and .!!.:.. n~ar dogieli pUpae and

reared adults from Renadalen, 1'979
Simuliid larvae from RenRdalen bog, 1980
S1muliid larvae from streams originating from

RenRdalen bog, 1980
8. H. rendalense and H. nr. dogieli larvae from

, -'-Renlldalen bog, 1980 • '
9. H. rendalense and H. hr. dogieli adults and

--pupae from RenRdalen, 1980
10. Simul1id larvae from 1Ismyrtj~rna bog
ll,. .!!.:.. rendalense ,and.!!.:.. near dogieti larvaE! and

!' reared adults,. frdIJI 1Ismyrtj ~I;'tla
12. SlIlIIIIlary of simuliid larvae from bogs and .

streams in Rendal~n , .'163
Simuliid laTe drifting from'Renlidalen bog __~/i~'65
Simuliid laryae from rubber sttips.1n RinRdalen _._

bog (. r' . 68
Simuliid larvae from rUbb~tr1ps in stream:1113 170
Simuliid la+Vae from rubber strips in stream 614 171
Larvae of !!.:.. rendalense and :&. vernum relat'i"Q'e -,
- to water current 179

6.
, 7.

2 Taxonomy _ '
1; Hellichiella R. & C. and Parahellichiella

subg. n. _
2. Hellichiella type 1 and YY larval carcasses
3. Type 1 and YY larvae carcasses head fan rays
.4." Type 1 and YY ethanol larvae head fan rays
'5. Adhesive circlets hooks/row \
6. Morphometries of larval carcasses' fA',

7. Morphometries of Et OH larvae
8. Differ~pces,.!!.:.. rendalense &.!!.:.. near dogieli
9 .• D±fferences, .!!.:.. dogieli &.!!.:.. near dogieli

10. Differences,.!!.:.. latipes &.!!.:.. saccai
11. Differences,.!!.:.. congareenarom ,& .!!.:.. anatinum
12. Respiratory filaments of Hellichiella spp.

Table
Table
Table

Table \ 13.
Table 14.

Chapter 1 Cytology
Table 1. Larva.of Hellichiella spp. analysed
Table' 2. Interspecific inversions
Table,~ Intraspecific inveJ:sions
Table 4. Fixed inversions and sex differential segments

Chapter
Table

Table

"' Table
Table
Table
Table
Tabie

~ Table
Table
Table
Table
Table

Chapter
Table
Table
~~ble
Table

Table

Table
Table

Table

Table

Table
Table

Table

... ..

d
t,

r

, '

xi

/

0" ,.
- .

.... - ~



•

"
• " •

study ,J -
~206

207

(. . '

•

I

-,

"

Table 18.

Table 19.
Table: 20..
Table 21.

Table 22.

Table 23.

Table 24.

Larvae of ~ aureum and S. noelleri relative
wat;er current

Simuliid species frombQgs of S.-E. Ontario
Water quality 'from Ontario s:lmuliid habitats
Vegetation from two bogs in Ontario

Ill. New Griffin; Huntsville
112. Bruce Trail, Hamilton

Vegetation from the habitat o~ H. latipes in
Sussex, England -

Distribution of Hellichiella'spp. in
A. Europe
B. North America

Species of Simuliida€ reported in this
A. -, Palaearctic Region '
B. Nearctic Region

•
,

" .

'.

to .-
180

'191 •
192

193
194

-rls
197~

"

"

.

,

.. ,( ,

.' .....

.~..

'.

..

•

"

, ,
0'

"

.. "



I
•

INTRODUCTION •

'.

In a study of
J

in the genus Eusimulium

the' phYlogen~ of several species of Simuliidae

~
Roubaud 1906 (sensu lato) , Dunbar (1962) and

'Wood' (1963) recognized that several groups of closely related species
, I

in the Nearctic had simila•.ities to'others'in the Palaearctic. Within

this taxon Rubtsov (19,59-64) recognized aeven species gr~ps:

LundsttBm, montium Rubtsov, alpinum Rubtsov, batoense E~s,

annulum,

latipes

..

,,-~

",

...

(now vernum Macquart), angustitarsis Lllnd., aureum Fries and the genus..
SchBnbaueria Enderlein. Subsequently, Rubtsov (1974) gave gen'!ric

, .'
raftk t~ of these groups".excep~ th(annulum:"g~OUP' In the Nearctici'-

Wood (1963) fnd Dunbar. recognized six specie':, g,roups, of which the first
,- :J ,

three, rivuli Twinn,. baffinense Twinn and euryadminiculum Davies,
t

corr~spond to Rubtsov's annulum-gi'oup.
,> •

In order to accommodate Ii number of species in the annulum- ~ . '.~

group, Rivosecchi .and Cardinali (1975) l!'rected the genus Hellichielia_.'

'\.. ".t: j'

witlr1!.:.. saccai Rivosecchi, 1967 as type species., Distinctive features'

of the ~ture stages of Hellichiella as larvae ar~: ~allOW gular

(postgenal~ cleft; elevation of the lateral hypostOmi,i teeth libove
~, ~ ~ ~ .

the median tooth; relatively long antennae which, in most species,

exce."'t r;lvuli and excisum D. P. +i' ~ have the, second segment

subdivided into ~our or more aquul. The pupae have -'lDe long

anteroilledial prqjection on the co on, and the pup~ respiratory

filaments number from fo~r. six, eight, ten and twelVe per side.
1 I

1

,-.:

,
.''''
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