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by only one inversiom.
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{5~ ABSTRACT
S

. The rg;argnnship among simuliid species in the genus Hellichiella

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

gland chromosomes, morphology and ecolnéy. The banding pattern of
polytene cnromosomen of elght species was examined and compared with
that of H. congareenarum defined by Dunbar (1967) a; the stapdard.
Species studied fon the first time are H. rendalense (from Norway),

» T -
H. latipes (subexcisum syn. from Britain) and 2; saccai (from Italy)

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

Norway) . H. congareenarum, H. anatinum and’H innocens were restahied

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

one and maximum of three fixed inversioné. _Ituis concluded that the

.

sibling distinction between congareenarum and congareenarum 'b’' proposed

by Dunbar (1967) is not valid and thatpg; anatinum differs from standard

»

A"

13
-

The genus Hellichiella Riv. &Card is redefined and distinguished

from Eusimulium annulum group sensu stricto. Described for the firsc time “f

* are the larva, pupa and male of both H. rendalense and H. near dogieli

and the pupa of H. fallisi. The close relationship of these species
3 ‘ . [ 3

is confirmed bcth chromosomally and morphologically. A
The immature stages of H. rendalense .s.1. were didcovered in

shallow seep ges with water current 1—30‘cm/aec’gnd temperature 10°-16°¢

L
.

in sloping sedge-Sghagn bogs. This habitat is the source of laryae

-
- L]

+ ' 4
. 2 .



of these simuliids and' the origin of first order streams which are
secondarily colonized by these andJother b?g speciesi The occurrence

of related speci;s in similar habitats in the Nearctic and Palaearctic
regions estabilishes that sloping éghaggum bogs, primarily in the Boreal

region, are the main source of Hellichiella species. Thus species of

LA

- this taxon, some of which are known véctors of Leucocytozoon, are linked

ecologically with Anopheline mosquitoes and Ceratopogonid flies. The

» . ™ .
_theory is proposed that the breeding habitat of these vectors of

T .

hagmatozoa 1s the unifying factor in the epizootioclogy of Haemosporidia.
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INTRODUCTION *

In a gtudy of the phylogenx of seve;al species of Simuliildae
in the genus Eusimulium Roubaud 1906 (sensu lato), DunE;;—EIBGZ) and
" “Wood (1963) recognized t.hnt several groups of nlasely related species
in the Ngarctic had simila;ities_to'others';n the Palaearctic. Witnin
this taxon Rubtsoy (1959—6?) recognized seven specles grojps: hannulmn
Lundstt&m,.nontium ﬁdMSUV,alpinnm Rubtsov, batoense\E 5, latipes
(now vernum Macquart), angustitarsis Lund., aureum Fries and the genus

-

Sch¥nbaueria Enderléin. Subsequently, Rubtsov (1974) gave generic )

L3

raﬁk t ! st of these groups,. except th?/;nnulum—group In the Nearcticy
Wood (1963) d Dunbar recognized six species groups, of which the first

three, rivuli Twinn, baffinense Twinn and euryadminiculusm Davies,
1

correspond to Rubtsov's annulum-grioup.
’ A . . .
In order to accommodate & number of species in the amnulum- - "°¢

#

grnup, Rivosecchi and Cardinali (1975) drected the genus Hellichiella. s

. ~ - - ) ¥
withrB. saccal Rivosecchi, 1967 as type species., Diktinctive features’

Y -

of the immhture stages of Hellichiella as larvae are: allow gular

(postgenal) cleft. elevation of the 1ateral hypostomigl teeth above

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

ar

except rivulj and excisum D. P. + W., have the second segment
subdivided into fnur or more agnulfl. The pupae have one long

- anterobedial prgjection on the cocpon, and the pupa} respiratory
v - . r s -
filaments number from four, six, eight, ten and twelve per side.
. ; .

v
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However, speqgific identification is rendered dif?icult invariably by

the close similarity of other morphological characters ofwlarvae, pupae

and adﬁlts.

-

This difficulty can be circumvented by comparative analysis

*.

-

-

4

&

. *
of ‘the banding pattern of the salivary gland chromosomes of such closely

-

related'specieiﬁjﬂgﬁshown by Rothfels (1956) and Duﬁbar (1962,1967)12hd
for other groups of simuliids by Professor, K. H.hRothfels and his other
studernts over the past thirty years. This method of relating,cytospecies
"to corresponging mqéphospgcies of'éimuliids pfovides g relisgble and %
predictable ,determination and eluéidates phylogenetic affinity among

§ibling and group épecies, as pioneered with vector species'of

-

Anopheline mosquitoes (Jucci 1952).

L
-

now ascribed to Hellichiefla, the question to be resolved is: How

closely related are specles of this taxon from Europe and North America?

L4

Since Dunbar's (1962;1967) initial study of Nearctic species
: &

-Th%ﬁ question wi;l be investigated by a study of the taxonomy, including

analysis of the polytene chromosoqsg, and ecology of most of the species

listed below.

Paleearctic Region

»

Hellichiella

hY
dogieli Usova

fallisi Golini

latipes Meigen

L

(subexcigum syn.)

_renaalensecolini

1 9
saccal Ri%osecchi

yerburyi Edw.

-

v

*

I
Rearctic Region
¥ '

I

Hellichiella

anatﬁimn Woodd_

congareenarum Dyar & Shémnon
4

- congareenarun 'b’

excisum Davies, Peterson & Wood

innocens Shewell
minor Dyar & Shannon

rivuli Twinn

LA

-

-

T

r
4

)
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v Two of these species, H. rendalense and H. lisi were

described initially from adult females fouﬂd biting ducks in Norway
{\ P 4
(Golini 1970; 1975), but their other developmental stages and ecology '

¥ ¥ .
remained unknown. Indeed, the initial primary objgctive of the \_;25

1 , .
present study was to find and describe the larvae, Pupae and mdle of f
- one or both speciés, and determine their affinities to other species £
-~ hEs
of Hellichiella.’ The discovery of the breeding Habitat of these
ST -

simuliids in 1979 and 1980 Qed to a further study of their ecology.*

7 ¢This, has resulted in understanding the ecology and distribution of ¢
¢

« . other species of Hellichiella in relation to their potential as

conveyors of haemosporidia to birds.

The results of this study are reported below under the
- ] + .

. fqllowing chaptgfs;

-

r

1) Cytology. Comparison of the polytene chromosome banding
pattern of some Palaearctic and Nearctic species of

‘Hellichiella.

te.

2) Taxonomy. The subgenus Hellichiella and description of “

; . species from Rendalen., Diagnosis of other, species.
b . . >

3)*~ Ecology and Geographigal Distribution of Hellichiella species. .

-

_'u)‘:

A o
*
-

o
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GENERALITIES , )
I

’
-

i = T . .
In his study of the salivary gland chromosoqas of six closely
kY

reliﬁed species of Hellichiella, Dumnbar (1962;1967) identified the

following cytological segregates: congareenérum which he designated .

as the standard due to the centrality of its chromosome banding pattdrn

which is generally shared among the other segregates; congareenarum 'b’,

anatinum and irnocens. Chromosomally, these spemies differ by a minimum

of one and maximum of two fixed inversion ateps from ‘the standard, and

morphologically they have in common secondary annuli on the second
segment of the larval antema and 12 respiratdry pupal £ilaments except
innocens which has 10. Dunbar placed these segregates together in the

congareenarmm subgroup ‘A; he differentiated them from rivuli and

4

exéisum which differ from the standard by about 15 different fixed

inversion steps and hence placed them in subgrahp B. .Morphologically

he

" .
these last two species lack annuli on the second segment of the larval

antenna and have respectively 4 and 6 pupal respiratory fila‘lfts.
Y ' ™~ -
A General Features of Salivary Gland Chromosomes

. —
Polytene chromosomes of Simuliidae may be distinguishqd, in

O

addition to specific banding pattemrns, by general morphological features

compon within certain species groups. The species of Hellichiella

&

considered in this study have the typical simuliid diploid "chromosome

cbmplement 2n=6 (n=3), each chromogsome pair being numbered I, II apd III

W
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in order o} decreas%pg.leng:h, as: in other simuliids (Rothfels 1956,
1980). Thg chromosomes are ;efacentric; the centromere dividing the .
shqgl;t arm IS £ro;1 .the long a;'xzn IL in a ratio mear 1: 1.1; chromoé%mes
II and III have arm ratios of i: 1.5 and 1: 1.81respectivély (Dunbar

1967). 1In all speé}es of the congareenarum subgroup A the homologous

ch?bmoéomes are loosely paired, with the maximim separation occurriﬁg

~

in latipes and saccai; this is a usefu; feature which facilitates

detection of inversioﬁ'linkages. More compact, or ectopic pairing,

occurs invariably at the centromere region where a denser centromere

detected. Another feature distinguishing chromosome I

band is read
twe is the occurrence of an expanded region associated
with the centromere. In the second and third chromosomes the expanded

reglon consists of a small bulge near the centromere. The first

chromosome contains also the nggleolar organizer (NO), located on IL

near the centropeféw(in'subé%oup B it is on IS). In anatinum the NO
5 re ativelywiarge and causes the eipandednteggon’to flare out as 1;

exploded; in gggggi the NO may be expressed in only onér;f the two

homologues. e l\ ‘

The Ring of Balbiapni (RB), similar to that of the

fly "genera Bibio and Chironomus, is located on IIS, as in other

specieéiﬁf Simuliidae (ﬁothfela and Dunbar 1953) . Near the BB is a
slightly expanded bandrfree segment referred to by Dunbar (1967) as

bubble" which, together with the RB, helps to identify the

orie tation of this portion of IIS. The para-Balbiani, similar to,

ler than the RB, is found on IIL. The third chromosome, being

frazzled endjof IIIS. The above landmarks are represented in salivary

gland chrombsome idiograms of the six species studied (Figs. 1-6).

Y.
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MATERTALS 'AND METHODS .- )

The initial work of Dunbar (1§37) will providé the o,

reference maps for comparison of the chromosomé banding pattern of
' 3

the additional species of the congareenarum subgroup A studiéd for

this thesis. The larvae analysed in this giudy include Bpeciéé of

H. rendalense gensu lato collected

in Rendalen, Norway by the author;
g:_latiges (syﬁ. subexcisum) fromyKnebworth Wood, Herts. and Dorset,

southern England.collected by R.
. : “
H. saccal from Lazio province, Italy

Cgosskey and J. A. Bass réspectively; v

lected by L. Rivosecchi'

»

summary of these larval collections is shown:in Table 1. \ i
L 4

¢ . [ .
(1:3 glacial acetic'hcid to 95% or absolute ethanol);.in..the laboratory

The larvae were fixed in the.field in Carnoy‘éolution

-

salivary gland chromosomes were stained by the Feulgen method_ and

prepared on glass slddes by a standard.method (Rothfels & Dunbar l SS;Lk f

[}

Dugbar 1958) and an ysed in"Dr. Rothfels 1aboratory. The gonads o e

each laxva were also preaerved on slide with the chromosomes tq:determine

-~ REY
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the sex of the specimen; male larvae were distinguished.by the spherical

r

testis andfemale larvae by the elongated ovary. . The carcass of each
larva, after removal of tpe salivary glands, was preserved in alcohol

" in a microvial corresponding with its particular chromosome slide

v . r

preparation. These -larval carcasses, primarily of .the Rendalen

collection, were &;nbsequently analysed for morphological differences ' -

*

which could be associated with different cyftcfypes related to morpho-

species. Whenever possible only penultimate and last instar larvae with

developing respiratory filéiment histoblasts were squashed for optimal
, o A

chromosome preparations.
‘Mapping of the salivary gland chromosomes follows the
conventiozf developed for :aimhliids (Ro}:hfe,,‘l_s and Du_:_x]:ar 1953; Rothfels
1956;‘Dtmpar 1958,“1967; Baé':rur 1962; Bedo 1977). 'Referring to the . -

‘congareeﬁar’um standard (Dunbar 1967), the entire cc;ﬁpleﬁlen'ﬁ of all.three

chromosomes is- divided into 100 major, approximately equal aéctions
based ‘on total complement length (XTCL). These sections are number&

sequentially frem! 1 _to 100, beginning at the tip"'of IS and to the -end

‘of chromosome-'l,
ﬂ‘ .

and IIIS through #f the end of IIIL. Each major section is subdlvided

s‘queuti into sections ;&, .B, ¢ within which are identified

individual bands. . * . e

‘Photographic maps of chromo 8 are used to show sections
‘4. b r
and subsection limits with inversion break _points. Inversions are

+ indicated by bfacketa; those for intérspecific or fixed inversions

Iie generally ‘below or bn the left, those for iﬁt'i-aapecific or float:ir;g. N
: . - - L7
. -a(poly&_gerphic) inversions lie generally above or on the right of the bow
: o

” . -



chromosome. Fix€d paracentric inversions are numbered :LnA sequence of
their ;iiscovery, independent of tl&e species in which they are found
and dt—e;zoted by plain-numerals, ‘e.g. IIS-3 or IIIL -1. Overlapping
inversions are dgnoted by numbers separated by, commas®, e.g. IS-l,Z

indicates IS-1 is overlapped by IS-2, and by overlapping brackets.
N -~

Fioating im're-rsions are placed in brackets, e.g. (I1I5-3), and/or jK/“

they are specified by an epithet of tf:e specles {Basrur 1962) in which
they occur, follqwed by ‘the inversion, number, e.g. (IIIS ana-1) is a
floating inversion in the short grm of chromosome III of H. anatinum.

Chromosomes with inversions occurring specifically in either male or

U . . r———

'.. femalehlarvae, i.e. se\l;.l(ed inversions, are designated as sexually

differentiated and denoted by X or ¥ usually followed by a subscript;

hence, xl:us-s and x'z:'IIS-S,B represent two differentiated X chromosomes

with linked inversions; sexually undifferentiated chromosomes are .

.
TN

designated 'Xo and Yo' - ’
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RESULTS

- -

Generalities
All the species of this group have n=3 meta)htric chromoshmes
with the standard arm association (RothfeXd, 1980 p. 216). Pairing 1

relatively loose in all species except for H. innocens where it is quite
tight.” The nucleolar organizer (NO) in all members of the group is in
chromosome 1, probably always inm the same i:osition‘ in the base of.IL

next to the centromere, though the extreme "lodseness" . of the expanded

region makes this localization less than certain in some sbgcies

(latipes, saccai). Following Dunbar (1967), the banding sequence of

H. congareenarum ag standard was retained because of the centrality of
:Lts. arrang;:méﬁta in all six arms. The idiq_:‘grams‘ in Figs. 1-6 include
an amended version for H. anatinum and diagrams for the five, newly
étud:;.ed tznxa. Dunbar (1967) includes idiograms for H. innocens and “~-
H. congareenar‘um. All idiograms are pat_t._érnegl .olrf Dunbar's fiéure for
H. spatinum; no attempt w_ag‘ ‘m.adéw to' represent the expanded centromere
I regiong of the .various si)t;‘cél.e.esl—v;realistﬁ'cally. For ease of reference,

limits of fixed and floating inversions cited in the text are given in’

Tables 2 and 3. - : : - "

-

Sl

Helichiella congareenarum

-

Dunbar distinguished H. gongareenarum 'b' (Bruce Peninsula,
Otfi:arip_) from H. congareenarum ppéper (one sample eggh‘\fjrohi. N. and S.
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Carolina). JH. congareenarum 'b' was characterized by the fixed

overlapping inversions III[-6,7 and by the floating inversion IIL-3. *

¢
No sex chromosomes were noted but as the single sample of 12 l;zvae
>
was not sexed, conceivably there were only females. H. congareenarum

proper is standard in IIIL as well as in all other arms (by definition),

but has a very common inverted sequence in III (I1IL-1,50%) as well as J

predominant IL inve&ted sequence (IL-4 98%) with IL-2 and IL-3 as rare
additional inversions. 'hll‘males are heterozygous for a small

pericentric inversion IS-3 of the Y chromosome which is also anucleoladte
(Dunbar 1967, Fig. 30). Both taxa have a pronoMmged secondary nucleolus
in IL, section 36, but, ou;;?e basis of their differences, Dunbar proposed

H. congareenarum 'b' as a d&{stinct 8ibling of H. congareenarum. The A

'Bsgle are morphologically distinguished by the branching pattern of the

filaments (see Taﬁ?nomy‘aection), those from the Carolinas héﬁing the

12 respiratory filaments essentially oriented forward End parallel, those
. < |
from the Bruce being arrayed over 180°, with some curving backwsards.

L]

The new small sample from Delaware supports the alternative interpretation

conceded as possible by Dunbar, namely, that H. congareenarum and

’//,-ggL congareenarum 'b' are merely éytotypically differentiated populations

of one and the same widespread species. Of 11 larvae from Delaware

seven were homozygous IIIL-6,7/6,7 like congareenarum 'b’'; the remaining

N .
four were heterozygous st/6,7. More significantly all six males but

none of the five females had the sex differential segment IS-3 of tThe
. 4

congareenarum. No other heterozygous inversions were found in any of .

' the Delaware 1arvae, apecifically neither the common IIIL-1 of

H. congareenarum nor IIL-3 of H. congareenarum 'b'. However all 11

.
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.eliminate H. congareenarum 'b

11

larvae were homozygous for IL-4. Thus, the Delaware larvae combine

features of H. congareenarum and H. congareénarum 'b', namely the

- predominance of IIIL-6,7 of 'b' with the sex chromosome system and

prevalence of IL-4 of H. congareenarum. Especially the extemsive . -
heterozygosity for the alieged fixed inversion differences in ITIL
indicaggs intermediacy Ef ﬁhe Delaware population. The likeliest
interpretation of these findings is that all four samples of

BH. congareenarum so far studied belong to one and the same species

'which exhibits gradients in floating inversions, ITIL-6,7 achieving

f;xation in the. North, the étandard IIIL sequénce becoming fixed-in
the South with heterzyéoges occurring'in intervening poﬁulations.
Likewise, the other floating inversions are distributed along. clines,
but.the differentiated Y chrgm;aome is probably common to the males of
all popﬁlations; though, this remains;to be proved for the Bruce Peninsula.
Additional collections shouldvsubsténtiate this i#terpretationAand N

' as a separate taxon., They should also

¢

hlafify whether there really are consistent morphological differences .

in Northern and Southern pupae. In Fig. 38 pro tem.Dunbar's differentiation

has‘ been maintained. '. -
' * ' . . -
Helichiella innocens . N o . -

One,additrional sample of H. innocens was analysed. It conformed

in all respects to Dunbar's description. It should be stressed that

I of‘gé_innocens is wnique in having a wide band (center of :gection 60),/

instead of the single sharp one in what is othérwisg the standard‘nequenée'
(compare Figs. 29 and 30). All larvae shared the fixed IL-5 and IIIL-2,3

inversions. Al;llk males had unpaired "and complexly rearranged cetitromere
‘x . ': . -

b
h
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_description and documentation of Dunmbar except for the following:

-by Dunhar for his fixed inversion (IIIS-1). His Fig. 51 shows the

Jgequence (Fig. 30) represents the X chromosome. In Opinaga all 17 scored “

o

L . 12
I regions with the anucleblate,Y having the-sequence illustréted by . - ~
Dunbar (his Fig. 40) and interpreted as pericentric included (not
contiguous) inversion pair, best represented as I-3.4. There is no

doubt that th&n.e sex chromosome configuration in our sample is ) (

2

X
identical to Dunbar's, but-we have not attempted to verify in detail

the stepwise derivation of Y nor the intermediacy gf the H. congareenarum

4

Y (I-3). In regard to floating inversions onlyIDunbar's IITIL-4 was

seen. Seven larvae were st/st, 10 st/inv. and 2 inv/inv. )

’

Helichiella anatinum

+ - v

Dumbar (1967) describgs H. anatinum as having fixed inversions ' J f
in IIS (IIS-1), as haﬁing six flaning inversions (IS-1, ¥S£2,‘;Lul,
IIL-2, II1S-2) and no identified sex chroqoaomes. Duqbar'q ;ecords
from Churchill, Manitoba and Soutﬁ/Central Ontario are\supplemented by ’ b
samples from the east side of James Bay and a few "w;rkasle" larvae

from Algonquin Park, Ontario. These sampies confirm the cytological

Y - 1) There is nd fiXed IIIS inversion. The standard sequence
occurs (Fig. 27) and in fact is the predominant one in Québec. There -

is a floatidg inversion (IIIS ana-1) with limits close to those shown "

-

(in Quebéb).rare inversion homozygote. ‘His.floating inversion II18-2

is spurious (i.e. it represents the standard seqience with slightly

-

false limits) With respect to the IIIS polymorphism one Opinaga samnle

’

comprised eight st/st and’ seven st/inv zygotes. .
—\ . *
2) 1In our samples, inversion IIL-1 (Fig. 29) of the .standard

.
PRI S5 SN A FRWRR

’ v

R




N '

females were inv/inv, 9 males were st/inv and one male was sex

-

excegtional - inv/inv. Thus the standard sequence has been retained
as the Y and thé inverted sequence is the X. 1In the Churchill
) mater;al Dunbar (1967) noted this inversion, but since he did not sex
these larvae, di;:l not relate the inversion to sex. He did sex the
"Southern™ populations with a total ‘of 1; males and 21 females. For
these he'recorded onl; five IIL-] ﬁeterozygotes (sex not specified).
To the extent that the data are reliable it would appear ther;fore‘that
ITL-1 in Southern populations is at best a rare Y chromosome, 1f tﬁe
inversion is sef-linked‘ét all. The few Algonquin Park larvae consist
of. two males st/inv and two females inv/inv.m At Churchill, Dunbar (1967)
found in high freguency the overlapping seqlence EIL-I,Z aé'weil as
IIL-1 and standard (heterbzygotes, scared only). Assuming that the
sex chromosome system in N rthern populations (i.e. on both sides of

s
Jameg Bay) is similar, we finterpret, IIL-1 as the basic (X ) X chromosome
and IIL-l,g as a derived xz type, so far; not observed outside Churchill.
| 3) Dunmbar’'s do ntation of a subterminal seco]ndary NO :I.n
IS (aection 6) is indisputable (Fig. 7); a NO in this position occurred
homozygously, heterozygously and "azygously". In contrast in all the '

analysed larvae from Opinaga and Algonquin\Park, the secondary NO was

Y

- -

subterminal in IL (section 36) as in H. congardenarum and H. innocens,,

and it was always homozygously expressed. Thus, it is possible that

populations differ with respect to position of -the secondary NO and .

that the IS site is characteristic of the Churchill population. !

e

Inlregard to floating inversions in ‘arms other than IIIS and

'IIL, Dunbar recorded IS-1, IS-2 and IL-1, the last two being confinéd

rd ) .

~
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to Churchill. We have observed IS ana-1 (Fig. 7)-heferozygously in two

of the four Algonquin Park larvae and a new near ~ mimic IS-1 inversieps

y e

. (1S ana-3l Fig. 7) in three of/ZS‘Opinaga larvae scored in this regard.
h IISf} (Fig. 16) remains as the sole fixed rearrangeﬁénf of standard in
' H. anatinum. As pointed'out already by Dumbar it'is of special \ .
"directional" significance in tha; it is shared by a large series of
' K sngies in other éroups of Eusimulium. R
fdpinaga" Cyt;type u
R A;ohg fhe samples from'JameB.Bay identified as H. anatinum by
N ‘C. Back was oné sample of six larvae (OP 101) which clearly .represented
a different and new species ﬂotﬂ because it matures later in the season
(Table 1) and because of its cytologicél characteristics{ It may seem
strange tq base claim for new species status on a single small sample
- of larvae; however, it is the nature of the cytological evidence that
makes such statements possible. The new species desi&uated "Opinaga" is
chromosomally abéolutely distinct in a number of ways. The II§ sequence
(IIS~-2, Fig. 17) is diagnoséic being a simple fixed inversion of standard
(Fig. 16) confined to this species. Likewise IIIL diféers from standard T
(Fig., 32) by a fixed rearrangement. The characteristic feature of this
IIIL-1 is the placement of the marker (M) region (95B - 96A) in reverse
orientation next to 96/91 (Fig. 35). This arrangement could be accounted
for by a simple fixed inversion, but there may be additional distal
changes, siﬁce the IIIL end of "Opinaga" could not be convincingly
. .
\ homologized with standard. While the IIIL sequence-1s cerfainly diagnostic

for this species, its complete resolution would be very desirable. The

intriguing possibility exists that the inferred large/simple inversion

- . “
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IIIL-]1 of this species may bg the first step in the derivation of the
complexly rearranged IIIL of H. rendalense (see below). IIIS, IIL and
IL are all standard (Figs.;26,30 and 3F, 12). IS is the sex arm. There
is a fixed inversion 1S-1 (Fig. 7), and this sequence serves as the X
chromosoﬁe._ The Y chromosome is characterized by an additional

overlapping inversion IS-1,2 (Fig. 7). The statement that these are

sex differential segments can ceytainly be challenged on statistical

grounds, there being only four phles all XY and two fgmales both XX.

However, little doubt is fe that future larger samples will confirm

J—

this somewhat jfituitive identification of the sex arm. A secondary NO

is ip IL the standard position (section 36). No heterozygous autosomal

inversions were noted in the small sample. To emphasize, the new species

differs from H. anétinum in lacking IIS-1, by having the fixedminversions
II5-2, the rearranged.IIIL, th; sex arm IS (anatinum IIL) with one fixed
inversion IS-1 in the X and 4n additional one in the Y, and by lacking
floating inversions characﬁeriétic of EL_;;atinum. To find a sample,

even of only six lafvae, homogeneous for all these featurqg,nﬁl;g
populations of H. anatinum, without any indications of hybridity, certifies
species status on chromosomal evidence alone. Its later seasonal
development supports its‘distinctiqgnesg'from H. ana;inum which abparently
is univoltine and certainly develops much earlier (Table 1). Unfortunately,
none of the larvae was mature, ;nd therefore the number of respiratory
filaments could not be determined.

. [

-

Hellichiella 'near dogieli

1
1

' In bog seepages and bog drain?ge streams in Norway two species ,

were found that cytologically belong to subgroup A of Dunbar's group 1.

-
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.Larvalrmbrpbology (histoblésts with 12 respiratory filaments pef side,
four or more annuli per second antennal segment’supports this assignment
¢see Taxonomy Chapter). The first of these species is provisionalfy
designated H. near dogieli since the larval morphology differs fro%_that
of H. dogieli in several important respects. Specifically, in H. dogieli | w
the mean ray number in the primary headbfan is 63 in H. near dogieli 1t
is 73; in H. dogieli the gular cleft is longer than wide, ir*H, near

dogieli it is wider than long. (see Taxonomy section). Authentic (?)

. dogieli (as Greniera) was examined chromosomally bthhukgreva and .

Y
Petrova (1979) but no details have been publisheéd to my knowledge.
. ’ ¥
All arms of H. near dogieli are standard (see Fig. ®, IIIL) .

. \

except IIS which is fixed for the simple inversion 1IS-3 (comp. Figs, 19

and 20). This Eequence is algso the Y chromosome of H. rendalense (Figs.

20 and 21). The s;x arm of H. near dogieli is not known with certainty, ~
most slides being rather poor, but there is a strong suspicion that
non-pairing of the centromere I region is preferentially or excluaively
found in males, and in some there is also a suggestion of a IS bage _. ’
heterozygous arra;gément. There is no conspicuous secondary NO. There
are floating inversions, particularly a small one that_disfﬁﬁﬁs the IIIL
marker (M) segment, but the details_have not been worked out.
Hellichiella rendalense
v The second species of group 1 subgroup A 1n Norweglan bogs is R

L

rendalense. In this gpecies the IS, IL (Fig. 14), TIL (Fig. 30) and
II1IS arms are standard, and the secondary NO is.always found homozygously
in IL section 36 (Fig. 14)..

The diagnostic features of this species are in IIIL and IIS.

e



¢ 17
. - .
) » ¢

In ITIL (Fig. 34) thpee major rearranged segments have been identified

approximately as follows: ) - f

n +
-91A1.97C4-97A1.91A2-91B4.96C5-91B5.97C5- " .

conveniently syﬁbolized as 1.7-6.2-3.5-4.8. The position and orientatiqnp

. . .

,0f these segments indicate a minimum of three steps from standard and -~

L] b

tHerefore the existence of two cryptic (i.e. small undetected) rearranged
segments or a number of coincident breaks in“separate inversion steps.

. .
A reasonable derivation'of rendalense IIIL from standard is:,

i standard 1.2-3.4-5.6-7.8 .
.Hypo 1 - 1.5-4.3-2.6-7.8 ‘
. C
Hypo 2 1.7-6,.2-3.4-5.8 -

rendalense 1. 7-6.2-3.5-4.8

However, it should be noted that this derivgtipn is not unique in any

.
PN

step,;for all permutations of the order of the three inversions would

—

give the sequénce observed im-H, rendalense. The derivation given

s

N,
above' is interestihg in a phylogenetic context, because, as already’

sué&ested in the'bpinagd'section;hhypothetical step 1 may be identical

~with the large simple inversion' ITIL-1 stipulated for Opinagau If this

‘
is sa, Opinaga would have to be placed on a common 1ineage with

-~

}E; rendalense. Regardlessiof the stepwise ipterpketatiou of the ofigin

a

of/ﬁ. rendalense IIIL, the sequence is entirely diagnostic¢ for this

"specles, most conspicuously in position and orientifign of the marker

(M) segment, corroborated by the placement of the eéhspicugus double -

KN

band in 97B. ? -

* *
IIS is the sex arm of this-specieas., The basic X and Y chromosomes

differ by independent simple inversions from standard (Fig. 16). - The X

inversion (IIS~5) hag limits shown in Fig. 18; the Y sequence (IIS-3)

]

2l
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ig identical to the II§ sequence of H. near dogieli (ng..ZO). There

“

is a ramgr derived Y2 inversion (IIS-&b overlapping IIS-3 (Fig. 21)
which is found in about 20% of the males. gThere is élso a second X

chromoseme (XZ:IIS—S) derived by an included (in Xl) inversion (Figs. 1é
N
and 18) which i5 readily regognized by the reversal of a segment~includigg~_‘“hq

the Balbiani ring; This X2 chromosome predominates; it was found, in

r

17 of 20 males, and é%ntributed 68 constituentg in 84 X sqéomosomes

id;ntified in females. Thus about 20% Pf the X chromosomes are Xl,

the remainder Xz. The various sex chromosomes were associated at random

§

in both sexes, and there were no sex exceptions; all’males were XY of,

sorts and all females XX.

There is a floatipg inversion in IS.(Fig. 8)-siﬁilar but not
ide;}ical to IS ana-1 or 3. ‘It:was seen heterozygously ogly;inve times

in 50 larvae. ‘ ' .

1 { ) ¥

oy

Hellichiella latipes

. : ¢ . ‘
H. latipes is the name now given to the former subexcisum

- i - .
Edwards; E. latipes auct. being E. vernum Macquart (Crosskey and Davies, ¢
. f'o T

i H
1972). Larval samples from Sussex and Dorget, Britain, conformed to

\ )

each other. Chromosome arms IS (Fig. 9), IIS (Fig. 19), IIL'(Fig. 31)

yand IIIS (Fig. 28), are standard, IL has a simple inversion IL-1 (comp.

Figs. 15 and 13). (The IIIL arm is complexly rearranged (Fig. 36). .

Five rearrangedtségqents have been identified as follows: ) ¥

¥ —QICf.970&—9801.9331-9533.100&2-9802.93A5-92A1.97C3-9536.100A31

OE more simaly: s x . g C - ) A
. 1.89.4-5.11-10.3-2.7-6.12 ' '

This sequence can be accounted for by ﬁiiff inversion steps from standard i

- -

!
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without coincident breaks:

f standard 1.2-3.4-5.6-7.8-9.10-11.12 .
® Hypo™l’ 1.2-3.4-5.11-10,9-8.7-6.12 .

+

Hypo 2 1.8-9.10~11.5-4.3-2.7-6.12

latipes 1.8—9:ﬁ—5.11;10.3-2.7-6.12
The first step is ﬁandatory but steps 2 gnd 3 are interchangeable having
an including—included relatiopship. Step 1 is of special interest since
it results in the IIIL end typical of H. excisum in subgroup B (comp.
Figs. 36 and 37) If Dunbar's postulated derivation of the H. excisum
sequence is correct, the sdcond and thir&steps of H. latipes are noF

ghared by H.

xcisum, since Dunbar's second step displaces sections
89-91 that gre in the standard position inlg; latigesff Hypo 1 then is
. the first step in the dérivation of both the latipes and the :xciaum‘
) sequences but is the only one shared by them, leading to the phylogenetic
pattern shown in Fig. 38 -

~All males pf H. latipes are heterozygous for a non-pairing
region in the base of IIS }Fig. 22}, the X chromosome relati;e to the
Y having some extra bands including a more or less deeply "staining
petero*(u) band‘and1§ more compact ceqFromere band. AlL females 4;;?0
homozygous for the longer constituent (Fig. 23). 1In slides with poorly
bandg§ chromosomes, consistent failure -of pairing in the IIS base by

b e

itself suffices to indicate a larva of male“sex.

it is proBable that the H-band in the Y chromosome is deleted rather

than added in the X (see H. saccai). An inversion in IIIS was found

19
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once and is shown heterozygously with standard (Fig. 28, upper constituent).-
4 second heterozygous inversion in IL (Fig. 15) was also found only once.

L

An incidental observation is of relevance in regard to the

status Qf'the controversial species H. yerburyi from Britain.'_gL}gggégzi
differs from H. latipes in the larva essentially only in having eight ‘
. respifatory filaments per side instead of six (Edwards1920; Qﬁvies 1966) .
One of our H. latipes samples from Dorset included a pupa with eight
filaments enclosing apﬂaratenmlei more significantly, at least one of
. thé mature larvae sené as 5; latipes also_had elght resp;fatory filaments
ont each siée. It ;as a male aﬁd_conformed to typical E;‘latiges‘;n all
.. =" Tespects, including the details of the sex chromosomes. While this doeg _“
-nogiexclude the possib{g existence of a truly distinct eight-filamented
H. XEFbugxi, the fiaaings tend to reinforce the’scepticism expressed by

others_&Grenier i§53; Davies- 196 Crosskey, pers, comm.) regarding the

reality of H. yerburyi .

Hellichiella saccai

H. saccai (with 10 pupal filaments) ana latipes (hormally with
*
6 pupal filaments) are.exéfeme closely related cytologically. They
share‘fhe basic sequence in all six arms: i.e. IS, 115, IIL and IIIS
‘.;re standard, IL carries IL-1 (Fig. 15) and IIIL of H. saccai is
1 -
identical to the complexly rearPapged one of H. laﬁipes (Fig. 36). The
only clear differeﬁce 1s in the sex chromosome system. A IIS base H-band

’ polymorphism suggestive of and probably identical to the XY system in

- ' latipes, éxists also iﬁ saccal, but in this species it is strictly
A"*i , autosomal,.i.e: +/+, (Fig. 25) +/- (Fig. 24) and -/- occurs in equal

proportions in males and females. The numbers were 15, 16 and 2 for

males, and 7, 12 and 2 for females, with some indication of excess

s T




heterozygotes. ‘Pareuthetically, occurrence of the -/- type supports

ancestrality of this sequence in that it eliminates the need to.postulate

the viability of a deletion homozygote.

In H. saccai it is apparently the first chromosome that is sex
[

determining. The only manifestation of this is that in males the NO

-+

~1s always expressed in one constituent only (+/-, Fig. 11) interpreted\E-“H‘“"F’—#‘

to be the X, while in the female both NO are equally expressed (+/+,
Fig. 10). ‘This of itself would not prove that the centréomere I region

is sex determining - it could be a regulation phenomenon, one NO being

‘turned off in males - were it not for the fact. that the Y is

PP,

characteris;ically anucleolate in a ver§ large number of instances in

black flies where its identity can be certified by additional

-

rearrangements or inversion markers, as for instance.1n both

H. congareenarum and

not require riboso RNA. (Where the XY is not also the NO +/- pair, a

fons in equal proportions)’

No-heterkzygous inversions were seen in H. saccai.

1
]

‘4

innocens of this paper. Where sex chromosomes



DISCUSSION

-
- »

“. “

A summary of fixed rearrangements and sex differential segments

relative to H. congareenarum as standard is shown for eight species of

Helichiella in Table 4. This stu&y amends the prior study of Duﬂbar
(1967) in showing that igﬁéL anatinum the standard sequence occurs in -~ -

IIIS, .thus reducing the fixed differences from H.-congareenarum to

o

one (IIS-1) ane in identifying the sex arm as IIL, the Y retaining the
standard sequence, while the X has either a single inversion (IIL-1)
or an overlapping pai; (iIL—l,Z): The idiogram for H. anatinum
(Flg. 1) is wodified accordingly.-: -

| The evidence of the present study suggests‘that Dunbar’'s

distinction of congareenarum and H. coqgareenarum ‘b' cannot be maintained

since a population from Delaware containe features of both: thgugh

IIIL-6,7 of H. congareenarum’ 'b' predominates (considerable numbers of

N

st/6,7 heterozygotes are found), all individuals Had IL-4 and all males

the Y chromosome of true H. congareenarum. Accordingly, H. congareenarum

as represented by the .four cytologicallx_studied populetions i1s considered
.. @ unitary species with gradients in inversion polymorphisms. A revised
idiogram should showethe _standard sequence for’'Helichiella, the Y

differential segment (IS~3) as shown by Dunbar (1967) for H. congareenarum,

with all other inversions including IIIL—6 7 shown as floating.

The speciefs studied here c&pologieally for the first time-

include an undescribed species designated'obinagﬁ, knowm from a single

A L LI

R
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larval collection {James Bay, _Quebec).. with diagnostic IIS, IIIL.and sex
chromosome (IS) sequences. It m;atures la;ter than:‘the essentially
symparric H. anatinum and is evidently reproductively “isolated from it.

Two specles from Norwegian bogs were studied; the first H.
near dogiell differ:ed from standard only in a siﬁgle fixed inversion

A

(II5-3) and probably in a sex differential segment based on the centromere
region of chromosome I; the second, H. rendalense, differed from standard
in a comple,ply* rearranged IIIL arm and by xlxz, YIYZ polymorphic sex N ‘

chromosome system based on IIS.

The fourth newly studied species H. latipes (subexcisum a.uct.)

from Britain has the standard sequence in all arms except "IL (IL-l) and
IIIL which is again complexiy rearranged ‘but quite different fro& that.
of H. rendalense. IIS is the sex arm, the X chromosome having a number )
of basal extra bands not found in the.‘“Y and a tighter ce;‘tromere band
‘ resultir?g in non-pairing in. tﬁat reglon. —
The fifth newly studied species, H. saccai, from Italy is
cytologically identical teo H. latipes in*all six arms, but the IIS X
and i sequences of H. latipes are an autosomal polymorphism in H. M:
Sex determinatirb;;' appears to be based r:n t:hé centromere I region, the
Y chromosome being anucleclate (females N0'+/+, males NO :j./_)_
" The cytological diagnoses of these eight species are. furthér"
amplified by :aniusion of data on inversion polymorphism, position of
secondary nucleolar orggnizers, and features of the centromere regions.
The essential diaénostic features of all newly studied species aré’

4

shown in idiograms (Figs.- 1‘16). The complexly rgarranged IIIL of .

H. rendalense and _H_.'"lat:l.pes/ saccai are shown in toto in the
13 "

”photocomposite's of Fig. 34 and'36. Similarly, the species differe;ces

]
Y
e
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in all other chromosome arms.are illustrated in Plétes_1-4.  The
details given should be adequate to comstitute a cytological dé%cription
of each of the taxa (studied), and should enable others to idéntiff
cytologically larvae of all eight taxa, including the undescribed
"Opinaga". . . _

In a purely taxonomic context these findings have some bearing

on the problem of the specific distinctness of H. latipes, H. yerburyi "

and H. saccai. With respect to H. yerburyi, the finding of an B-fiiamented
m;le larva whigh in all respecfs, including sex chromosome details,
conforms to;gL iatiges mzles indicates the poséibility that H. yerburyi
does not exist as a distinct gpecies. Likewise, with respect to the
taxonomic distinction of H. latipes and g;_éaccai, cytology leaves us
somewhat En limbo, since Eheir chromosomal differences are confined
exclusively to the presence of non-hoﬁologous'sex.chroﬁosom;s. There

is taxonomic.precedent at least in the Chironomiidée for‘Eunéidering )

-
populations with non-homologous sex chromosomes as conspecific, e.g.

some populations of Chironomus tentans have sex determination based on

chromosome I, others on II (Beermann, 1955) and yet others have even .
substi:uted female heterogamety for male heterogamety - yet they are ) v
all considered the same species and are crossable in the laboratory

(Thombson and Bowen, 1972). In black flies in genéral it is considered

that separate sex chromosome systems indicate different species, and

8 number of studies,'notably those of Newman (in press) on sympatric

Prosimulium onychodactylum sibling species with differing sex chroﬁosomes,

Al

support this concept. Nonetheless, the derivation of these siblings,

pnt = = bt ot

1ike those of Simuliumvittatum, (Rothfels and Featherston , 1981) implies o

& plesiomorphic intraspecies polymorphism for non-homologouqi?éx

T
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chromosomes. As is generally the case, the taxonomic and cytogenetic
problems should be settled by further - in between --sampling‘rhther
than by continued hypothesizing.

Beyond the cytological diagneses it is desirable further to
artempr to establish cytophylogeuetrc relaqionehips within the subgroup
and eventually to extend comparisons ro Eusipulium and Simulium at large.

.. 1 M
A provisional chromosome phylogeny of. the species studied in He%gchiella

is shown in Fig. 38. Failure to resolve the IIIL sequences of'Opinaga’

" and H. rendalense completely leads to two alternative interpretations

" the possibiirty 1s not excluded that ‘the ‘Opinaga’ sequence leads to the * __

saccai (A) share a co

"IIS-1 sequence. On the other hand Dunbar 8 inference of a simQ_e

of‘bpinagai Our preference is to assume that IIIL ofr0pinag€ 1s independent

of the IIIL rearrangement sequence leading to H. rendalense. However, "

-

H. rendalense one, which would place'Opinagé with the pelaearctic species.

For the present the phylogeny places the . nearctic species of Dunbar's

subgroup A on orde side and the palaearctic ones on another without, any-

commqn'steps. Betwedpn subgroups A and B it'is certain chet.g;_latigggif . . 1

aiready-poin d outsby Dunbar, the IIS-1 inversion,'fixed';n gé_enatinum,

is of epeciel direc;ional‘significanée- in that it is characteristic of -
a large series of Eusimulium, including gugetense D. & S., vernum i
(latipes auct. L goul gi Stone, croxtoni Nicholson and Mickle and

others._ The present study has extended the list of speciee eharing thea -

#/,,r”/inversion‘difference in 118 between.gé.anatinum and Cnephia dacotensis o
H(Pr unier,-¥975), and therefore his poetulate of a linear IIS series: . ~+ >

-

ephia -/Anatinum - congareenarum, is rroneous. This situation is . .

more eomplex and requires re-examination. . : . . . o

- LA :
first step with gr rivuli/excisum (B). As - L .

ot et A i+ e o D
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Samples of léwaé of Hellichiella species anélyzed
cytologically K ' . J ,
N "Sussex, Delaware, USA _ ' '
. -5-v-1982 - ° B
_ congareenarum ;6/ ' L ' B ) .
James Bay, Opinaga, Quebec - Algonguin Pk.\.'Onl:ario_- :
.= 29-v-1978 26-VII-1978 8-14-v-1980 ...
‘anatinum  ©"4 - 8 2 LT : 2 .
11 17 2 _ . . ‘ 2
‘Opinaga o O ) 4 B S
Q 2 * Valens Marsh, Dundas, Ontario
s e . . 7-V-13981
. innocens O° : ° ' 14 |
- e L 6 -
_ ’ England _ ) "Iraly -
Knébworth . Dorset. ) , Lazio |
1981 28-IIf  29~IIT 9-I1I-83 ‘10-11I-1981 . © |
' latipes o . 14 & 61 - R |
) . 9 .9 N A . SR
- saccat . o ' I - PN ' 3§, .‘ o
o - .- 18 \
’ . . fRenda_len, Norway ) T ' - )
] Y0 1929 24-VI' . 26-VI, 28-VI T 1-VII = 2-VII 1-vir . . ST
o \N 93 .. 96+99 111 123 131 45 o ;
rendalense O \ 2 2 32 - o 8 - 6 8t i
_ T e \s 8. 47 w4 . 220 . 43 ?
' . " near dogieli o"- .0 0 .0 ' .\0 - 0 o .
L - 0 2 . 0> 0~ 0o~ - :
i 1989/ 9-VI* “14-VI ~ 25-VI  1-VII ' 2VII* 6-VII «_li2-vIT i
. N 176-180 198 241 - 257 . 261 271 283" i
S ;. | > -
rendalense .03, 0 7 2 0 - 4 o - , |
) e N< 3% 0., 7 .7 g 0 6 . .0 - |
near dogield 10 2- 5 - 0 2 o 0 ;
. e @t 15 0. 19 0 3 0 ! t 1
‘ - . i * Asayrtjorna , . ;
- ’ \ A




. TABLE 2

congareenar um as standard).

Interspecific inversions (H.

Species . Inversion

Sequence !

—_—

ITIL 2,3%

near dbgieli
rendalense II1L-4,5,8

latipes and .
I1IL-9,10,11

~31A4.42C3-31A5. 42C4
-90C. 92C-91C1.95C4-93A1.91A1-91B5. 96AL -

-48C1.53A4-48C2. 5345 y

~6C.16B-7Al1.16C1-
-50C.53B3-50C. 5384 ' ‘
- =91A1.96B1-91A2.96B2 plus rearranged end?

-48B1.54A3~48B2. 5444 .

-91A1.97c4-97Af.91A2-91E&.95c5—9135;97c5~

-~

~31A2H. 34C-31A3. 340 .

-91€297C4-98C1-93B1-95B5. 10042~ 98C2
.93A5-92A1.97C3-95B6+ 100A3-

o

~

*Cited from Dunbar 1967
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TABLE 3

IIIS-)

INTRASPECIFIC INVERSIONS 28
Species Inversion Sequence
congareenarum  IS-3*(Y) ©~20A.23A-20B.23B-
: IIL-3- -61A3.67B-61A4.67Cl~
IIIL-1% -92¢5.96A5~93A1.96B1-
ITIL-67% ~92B4.97C1~97A7.99C~97C2.9285-97A6. 100A1~
ingocens. 1S-3,4*(Y) -19C1.28C1~23A.20C-22C. 20B-19C. 28C2%%
IIIL-2,3,4% -94B5.96A4-96A1.91B5-91A1. 93A1-94C1. 96A5
anatinum TIL-1%(X) ~64B7.70A3-64C1. 70A4—
JIS-1% -7B1.14B3~7B2. 14B4—
15-3 ~8A3.15B4-8A4.15B5- .
IIIS-1 -76A%4.80C3-76A5.80C4- )
Opinaga 1S-1,2(Y) ~5C.8A5-16B.6C1-6A.8A4~7A1.16C1~
. - I . - j ,
near dogieli - Y centromere I rearranged '
rendalense - I1S-3(¥) —48B1.54A3-48B2. 54A4 ‘
118-3,4(¥7) ~47A3.52A-54A3. 48B1-47A% . 51C-48B2. 5444~
I1s-5(Xy) ~47C3.54B1-47C4, 54B2- .
11S-5 g;xz) ~47C3.51C-514. 48B4-50C. 488®-47C4 . szaﬁ
1s-1 -8A%4.13C1-845.13C2- .
latipes IL-1 ‘-5;38A.35cf383.35c , - -

~76C3.78B~-76C4.78C

*"Cited from Dunbar, 1967.
**Underlining indicates the relevant inversion step. :

rl
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Figs. 1-6. Salivary éland chrcmosome idiograms of

Hellicﬁiella species. C, Centromere; R, ring of Balbiani; P, para- .
Balbiani; F, frazzled end; N, nucleolusg NZ’ secondary nucleolus; H;
marker indicating position and orientation of re—arranéed-segment on

ITIL (section 95B-96A). Fixed invefsions: brackets on the left hand
side numbered'consecutively from standard as in IIS-1. Floating
iuversions: brackets on the right hand side singly numbered on the
appropriate(idiogram or with abbreviated specific epithet and consecutive
numbering within .the species as in IIIS ana—}. Y-chromosome dififerential

segments: dashed-brackets; X-chromosome differentisl segment: dotted

brackets. . Sex chromosomes are also desiénated as XOYO where cytologically

undifferentiated d as xlxz..., Yleﬂ.. for sex chromosomes of increasing '

comp lexity-\_, , .
! +
Figs. 7-37. Photographic maps of the six chromosome arms 18,

-
*

IL, IIS, IIL, IIIS, ITIL. S and L .stand -for short and long arms for E,

*IT and III. Each arm is subdivided.into sectichs in seqience from IS -

to IIIL‘totalling 100 in'complemené' Each section is subdivided into
subsections A, B c within'which bands mey be enumerated and are thus
specified by a termary designation _ Section and subsection limits’ are

those of- Dunber (1967) for the group standard congareenarum. For

each arm tHe. standard (reference)- sequence is reproduced 'from his paper, o

courtesy of Dunbar. . Novel arrangements are indicated either by brackets
or arrows omn the standard sequence and/or" the actual sequence jis shown
especially where complexly different from standard. Floating inversions

‘are desighated by'e specific abbrEViatibn'follawed by numbers which are

consecutive within species, e.g._IIIS enael. 'For a more complete descnintion

»

‘.

-,

L4
see Bedo (1877, pp. 39-40). ‘

LS
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Plate I. Figg. 7~11.‘\IS chromosome banding sequences.

Note: ééven'of the eight taxa of this paper have the standard sequence
o

il .
in IS (Figs. 7,8,9), though I5-3 and IS-3.4 serve as Y chromosome

differential segment in congareenarum and innocens, see Dunbar 1967,
: . .

Figs. 30 gnd 40. "Opinaga" had a simple fixed inversionm marking the
i .

genetic X chromoso$e plus an additiomal overlapping inversion marking
. »

L §

the Y chromosome (brackets below Fig. 7). IS of latipes occasionally-

has a Héterochromatft end piece ndt shown in the pFate, but shown in
v 4 2

-

, t .
tﬁqhidiogram Fig. 5.

. i

Fig, 7. 1S standard-equence as-displayed in anatinum

~

£ . ’
(Dunbar 1967, Fig. 20), showing sections 1-19 (sections A, B, C, in most -

o

f

cases), the secondary nucleolus hetetrozygously expressed:, and the |, .

K4
floating inversions ana-l1 (Algonquin Park), ana-2 (Churchill), ana-3

4

: % -~
(Opinaga), as well as the fixed inversion IS-1 Bf Opinaga (BXO) and the

r

break points of .its Y chromosome sequente. . .
. +

: 5 *

Fig. 8. IS standard sequence in inhocens (Dunbar 1967, Fig. 21)

* with fiore Tepresentative details in sections 1-10, showjing also the break
points of the rendalenge floating,inuension\L~£;gd:I;T/in' « .

r - \ ¥
Fig: 9. IS of latipes (quset—Britain) showing: séctions and

-

- _Subsections conforming to staudaqd'sequence:
I S.
™~ 7 Fig. 10. 1S of H. saccai}ﬂf+f+(homozygously expressed
. —_— < . ‘

3

nucleolar organizer) characterigtic of¢females.

- : Fig. 1l1. IS of H. ssaccai. NO*/~ heterozygously expressed |
. . .Saccal
nucleolar organizer) charécteristic of males.
. P " [ 2 »
[ '

LY ) + -
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Plate II.. Figs. 12 15. IL arm banding sequence

-

Note: five of the eight taxa have the standard sequence 1in IL; exceptions
are innocens with the large invefsion designated IL-5 (Dunbar 1967, Fig. 32)
and latfpes and saccail which have in Common the fixed inversion IL-l
Fig. 12. Dunbar's (1967) standard sequence of anatinum
showing the sections 25-44 and in general subsections A, B, C, and alsg
the fixed IL-5 inversion of innocens. . R B
ng. 13; H. innocens "sjﬁthetic“ IL standard sequence. The
fixed inversion sequenc; IL—S has been rotated to simulate the. standard
sequence for better resolutiou and to facilitate comparison with IL-1
of latipes (see pracket in Fig. 15). |

t.

Fig. 14.  Photocomposite of the IL standard sequence of

T

also of‘congareenarum*-innocens Opinaga and some anatinum Specimens.

-
Arrows comnect homologous bands. -
¥

. Fig. 15. Photocomposite of the IL sequence'of1atigeéTBritaip)

showing the 1imits of the sfixed inversion IL-1 of latipes and saccai

and the gbsence of\NOZ. v

rendalense showing the conspicuous- -secondary nucleglus (NO ) dharacteristic .
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Plate III. Figs. 16-25, IIS and Figs. 26-28, IIIS sequences.

Note: TIIS is a rather diversified arm which exhibits the standagé//

sequence only in congareenarum (by definition), innocens, latipes}and

saccai. In contrast, the standard sequence in IIIS occurs in all ei
. £ . .
taxa. ' R

‘Fig. 16. 1IIS standard sequence of innocens (Dunbar 1967,
Fig. 42), showing arrowed IIS-2 of "Opinaga" and bracketed IIS-1 ‘of

anatinum. _ _ -

rs

Fig. 17. "Opinaga" sequence showing the limits of the fixed

IIS-2 inversion relative to standard (Fig. 16)

~

Fig. 187 rendalense KIXZ ‘heterozygote, showing above the Xl
(IIS-5) sequence, below the include;JX2 inversion (II$-5,6).

Fig. 19. The standard IIf sequence in latigésr .

"Fig. 20. The IIé sequence (IIS-3) ofigL.near-ddgieli whiéh"
- 1s idenﬁigal with the Yl sequence of rendalefse {not shown'sepéfately)f
Fig. 2il H. rendalense the Xle sequence. ' The Y (IIS-3 4)\
sequence (above) shows the limits \of IIS-4 versus IIs- 3 (=Y ) of H. near
dogiel (Fig. 20) and facilitates comparison of the basal sequence bf
Yé and H. near—dogieiir ) . ‘
Fig 22. IIs base of iatipéé.male showing lack of ;airing
‘due to heterozygosity for the heteroband (Hb) constitution. Hbf:x; Hb™:Y.
Note alfo ;he more compact centromere of the™ X chromosome.
Fig. 23. _IiS base of latiges_ﬁemaleréhowing homozygosit; for
(XX) sequence, compact‘centrogeres and tight pairing. . '
Fig. 24, TIIS base of saccai showing hgterozygosi?y foi the
Hb polymorfhism éhat-is autosomal in this species. Note also centromere

‘dimorphism. T .o

i ’ . N



Fig. 25. *IIS base of saccai showing homozygosity for
- the mt sequedca. I(The X-linked bt sequence of latipes is probably
identical with the autosomally polymorphic Hb+ of saccai.)
| Fig. 26. IIIS standard sequence of imnocens (Dunbar 1967,

- Fi.g. 49) ;:wing below the limits of the anatinum floating dgoversion
(ITIS ana-1).

Fig. 27, 1IIIS standard sequence of anatinum showing limits
of the flpating inversion IIIS-1. | | )

Fig. 28. H. latigeg IIIS heterozygous for the floating
inversions I{;S lat-1, the inverted sequence above (bracket) and the r
-standard sequence.below; arrows indicate the break points. Note

particularly the identfty of banding pattern in the standard constituents

of Figs. 27 (anatinum) and 28 (latipes) in sectiona 74 through BOs

. . . .
LA Ty \\
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Plate IV. Figs. 29~31, IIL and Figs. -32-37, IIIL sequences.
<+
Note: all eight taxa are standard-im IIL. IIIL is wvery variable and

'thézstandard sequence occurs in congareenarum (by definition), anatinum

and H, ngar dogieli:“ The overlapping fixed imversion IL-2,3 of innocens

is shown in Dunbar (1967) Figs. 56 and 57. Analysis of the ITIL

sequence-of "Opinaga" and rendalense . is incompleté, but position and

orientation of a marker segment (M) is diagnostic for each species.

L

Fig. 29, IIL standard sequence of innocensr a photocoﬂposite

of Dunbar (196/7) Figs. 44a, b and 45. Limits of the anatinum X chromosome

1

;inversion (IIL-Y) érq shown. , Note, the extra heavy band ,group .at centre

of section 60 is 'idue to innocens.”
Fig. 30. '31; rendalense IIL standard sequencéi (yote the
‘sharp.centgr band of 60 characteristic of the seven taxa other than innocens.)
Fig. 3i. H. lgtiges (Britain) IIL standard sequence.
iy Fig. 32. IIIL standard - composite of Dunbar (1967) Fig. L
(innocens, centromere to 84/85) and Fig. 55 (anatinum, for remainder).
Market segment , M) 1is dorizontally arrowed. -
Fig. 33. H. near dogieli standard IITL-end. Note idamtity of
M sSegment position and orientation with Fig. 32, Homology with staqdard ;
extends through the entiszgid. - ' | . . |
Fig. 34. H. rendalense IIIL; three major re-arranged segments
are recognized, but three inversion steps are required to plac? them
in ‘the observed position and orientation (see also text). Note reversed i
orientation and proxim;l shift of M segdent. )
JFig. 35. ‘Opinaga'IIli base. Note that the M segmernt has the
-reverse orientatioé frod standard and is close to the basal markér

(section 89). ’Thg change from standard may”be a simple iﬂgz;;}bn IITL-1

-(see-text); however, the end also looks gtypicai._.

O R NP
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Fig. 36. fgL latipes IIIL sequence. Five resolved

rearranged segments are indicated. - The Sequence can be derived in
. three inversion steps withoat coincident break points (see text). The

first step generated the ITTL end characteristic of subgroup B (excisum/
. . , - : ' '
rivuli), see Fig. 37. )

Fig. 37. H. excisum end (Dunﬁar 1967, Fig. 58) to substantiate

homology with latipes (Fig. 36).

[
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Fig. 38. Chromosome phylogeny of eight speeles of Hellichiella

with congareenarum as standard. Inversions listed between species names

are fixed or inéerspecific. Significant flbating inversions are in
brackets. Sex differential segments where known, are shown for each

species. No directionality is assigned, and the phylogeny is not rooted.-
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GENERALITIES -

In the revision of Jthe genus Eusimulium Roubaud, 1906 sensu
. lato, Rubtsov (1974) gave generic status to several species groups
previously included under this genus, and assigned them to the tribe
Eusimuliini Rubtsov, 1974, In this revision, the genus Eusimulium (s.s.)
"ies restricted to the EEEéEE - group, while the.group annulum L;ndstron ’ N -
(Rubtsov 1959 -64), which included the subexcisum - group of Davies (1966},
remained unrevisedthmgonsequently, Rivosecchi and Cardinali (1975),

r

erected the genus Hellichiella based on‘Fhe type species Eusimulium
;eccai Rivosecchi, 1967 to represent the annulum - group, and placéd it .
in the tribe Cnephiini Grenier and. Rageau, 1960. However, the inclusion

> of Hellichiella in the Cnephiini is problematic sigce this taxon contains .
some characters shared by both Cnephiini and Eus uliini; it is, therefore,
a link connecting these twoqtribes. p |

, The above two- tribes are recognized by simuliidologists who

generally use Rubtsov (1974) classification. Others, who generally
adoor ‘Crosskey’s (1981) classification, recognize only two tribes T . ';
in the s@bfamily Simuliinaé;' and thus include the genera of the Cnephiini ‘
with the Prosimuliini and_ those of the Eusimuliini with the Simuliini.
Thus, Crosskey (1981) recognizes Hellichiella as a subgenus in “the ;
Simuliini. While appreclating Cfosskey'a simpler classification, in rhis
thesis the taxon Hellichiella is treated as a genus in the Eusimuliini ;

and redefined in relation to the E. annulum group sensu stricto.

-

- 1

-
4
!
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Although Hellichiella is Hefined ' by its type Species E. gggggi
Rivosecchi the taxon was initially described as a genus to replace the
annulgm ~ group sensu lato which includes the additional group of speciés
- strictly defineq by E. annulum (Lundstr8m). Rivosecchi and Cardinali
‘(1925) did not differentiate between Hellichiella and the annulum —
group ﬁensu(stricto which are sufficieﬁfl; diatinctrmorphgiogically and
ecologigéll§ to justif§ sepaiating them inte two discrete taxa. Just
as I was ergcting a8 new subgenus for tﬁe latter group, R.W. Crosskey\
brought io my attention a recent publicatign by Rubfsov and Yankovsky
(1982) who raised this group to generic rank under the name Boreosimulium

\

I have re—defined the basic combination of characters distinguishing

.

these two taxa as outlined below.

Hellichiella Rivosecchi and .Cardinali, 1975

» Type -species Eusimulium saéﬁai Rivosecchi, 1967, Riv. Parasitol.,
. s 1

28, 63. . B

Morphological Characters

Adults, relatively small, with minute calcipala about 1/4

'to 1/3 as wide as hind basitarsus at dist;i end, pedisulcus on hind
tarsal segment vestigial; less than 1/3 as deep as its segment; hind
basitarsus with parallel margins; wing with second basal cell present,

base of radius haired, RB simple; basisternum connected to proeﬁisternum

by a Erecoxal bridge. Fem*i:é have tarsal claw with a large subbasal

" tooth and-biting mouth-parts\ are serrated, except in'crassum and baffinense.

In males the ventral plate tapers posteriorly with a ventrally recurved
1ip, and a broadly concave anterior margin; dististyle tapered with one

apical sping} paraméres with numerous long and short spines. The pupae

r

quaration of Hellichiella from the anpulum ~ group.sensu strictg -

‘_'-'::‘—'--

e e



v

cocoon siipper - shaped, looéely woven with a long‘anteromedial pro-
jection thicker oﬁly along the margins; respiratory filaments range
from 4 to 12 per si&; (in multiples of 2), diverg;pg from petioles

of various.length. The larva ha; long antennde, about 1.5 the'length
of cephalic fan stalk, the second segment is usually subdivided into

secondary annuli, except in rivuli and excisum; the cephalic fan has

-

.about 60 rays; hypostomiai teeth are querately”long, lateral teeth on ~
two lobes generally eievated above median teeth, usually 3 setaefon
each hypostomial row; postgenal cleft is shallow, subqﬁadrate, about
1/5 to I/Q_the depth to base of~submentum;.two conical ventral papillae

.on segment VIII well developed; rectal gills either simple or compound.

Biolégz

This study has establishe& that immature stages of Hellichiella
species develop‘in small eur}thermal seepages 5 to-26 cm wide §nd ag

heeﬁ, with sluggish water current of 5 to 30 gm/sec, draining ombrotrgphic
sedge - Sphaggﬁm bogs-(seg Ecology section). Hibernation is in the

legg stage for northern spepies and inréhe larval stage for southern
species (see Discussion). Larvae and pupae are loosely attached to vege—‘

tation, usually decaying sedges, trailing in the water or on humus and

‘small stones on the stream bottom. Females have mouth-parts developed

-of 13

for biﬁing, and the bifid tarsal claws indicate that they feed on avian

-

blood (Shewell 1955), except for autogengpa:species, such as baffinenge
“and crassum. -In specles fqr'which the host-seeking behaviour is known,

females are restricted Bpecifically to aquatic hatitats where they feed

on water fowl at water level (Bennett 1960; Davies et al. 1962 Stone

and Snoddy 1969; Golini 1975); they are also known as vectors of avian

38
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haematozoa (Bennett and

and Fallis 1972).

. 39

Fallis 1960; Bennett 1961; Anderson 1968; Eide

The genus Boreosimulium Rubtsov and Yankowsky, 1982, with type

species Melusina annula Lundstrdm, was erected as a genus to replace. the

annulumfgroup. The definition of this taxonm, according to its authors, ¢

is identical to that which Rubtsov (1959-64) gave initially to the

annulum-group sensu lato, without significantly differentiating it from

Heilichiella Riv. and Card. The diagnostic differences bet®een these

two taka, as given by Rubtsov and Yankowsky (1982) is as follows:

Adults

calcipala
& pedisulcus

Cf'anal sclerite

»

N

9 frons
mandibles &
‘ maxillae

L 8
tooth at base of claw

-Pupa

Larva
‘antenna
2nd segment

Biology
immmatures

adu;ts .

Distribution

- Boreosi‘lgﬂium

absent -or
barely apparent -

simple narrow plate
.slightly expanded
basally

broad

usually without
teeth ' ~
s?aller

3-8 filaments/side
lacking anchor-shaped
hooks on abdomen

long ..
5-7 annuli T
{

in small rivers, -
shallow swamp streams

often in middle of swamps

biting not recorded

“nortﬁern & central Europe,
northwest Siberia, Yakutiya

and Trans-Baikal

",

LY

Hellichiella
e .

simple narrow -plate
strongly expanded
basally

' narrow

?
larger

10 filaments/side
with "anchor’

'hooks

long ~
5-7 annuli




A

-

Other characters given for ﬂéreosimulidm inciuda: Larva with
‘large number, 50 or more, of primary head fan rays;‘éular cleft shallow,

often with uneven shape} rectal "gills" branched, rarely sfﬁple.-Cocoon .

- -
el

is simple, swith an anteromedian prbjection.
L3N

According to the above diagnosis, these two taxa are not

.

significantly distinguished from each other.’ The difference in ﬁhmber
of ‘pupal filaments is not a significant character, since it is highly
variable among specles of ﬂéllichiella, as shown in this thesis. Thﬁé,

the concept of Boreosimulium, as defined by its authors, is not differentiated

~

T . from BHellichiella and does not distinguish the annulumlgroup sensu stricto,

rather it includes both.

To clarify this confusion, Hellichiella—is differentiated in

the preéeﬁt study from the annulum-group sensu stricto which was initially
N P [} )

-

" represented by Wood (1963) under the species group name éﬁ:yadminiculum

Davies, This group is redefined below as a genus of Eusimuliini.

—

. : . Parahellichiella gen, n,

Type species: Simulium euryadminiculum Davies, 1949. Can. Ent.,

8l: 45-49.

Morphological Characters S

Adults, calclpala moderately péveloped, about 1/3 distal width
of hind basitarsus, pedisulcus moderately dev%lobed, about 1/3 to 1y2
the depth of its second hind tarsal segment# basitarsus of fore leg
slender, cylindrical; hind basitarsus of‘males wider than that of feﬁales;

- S .
pleural membrane bare; basistemum not connected to proepisternum by a

precoxal bridge; wing, basal cell vestigal or absent, base of radius ,

s

U



(a§erage 4) annuli; hypostomial setae 2 or 3 in a row per side; hypostomial

~ . -

haired dorsally. Female, frons moderatelyﬁbrbad, or with parallel
1

sides, length: broadest width about 1.5:1, length to r;arrowest width

about 3:1; genital fdrk usually with broad terminal plates and two

well-developed apodemes at base of terminal plates; cerci generally

) . .
subquadrate, broadly rounded apically, as long as anal lobe; tarsal

-

claw with 1arge’subbasal tooth. Male, ventral plate broadly subrectangular

-

with margin concave posteriorly and convex anteriofly; paramere usually

with several small teeth, some being modified into & long spicule;

.
dististyle slender, tapering with one apical spinule. Pupa with four
respiratory filaments/side, diverging moderately (ca 300) in two petiolate -

-~

pairs, ventral petiole twice as long as, and filaments slightly thinner
than dorsal-petiole° cocoon slipper - shaped- lacking an anteromedial
projection. Larva, head capsule light yellcw,/positive head 8pots -
arranged in a cross; adtenna relatively'short about 1.2 the length of -

cebhalic fan stalk, second antennal segment subdivided into 3 to 5 \

teeth small and parallel, .lateral teeth not elevated above tooth; poetgenal

cleft usually square, moderate in size, with depth 1/3 to 1/2 the distance

to base of submemtum; primary cephalic fan vith relatively few, 40 to"50, *
short rays; abdominal segment VII with two conicel ventral papillae;

anal gills compound.
\

Biology
Imbature stages normally develop in rivers of moderate size, -

3 to 6 m wide, with water current 50 to 400 cm/séc and temperature 89~

3

710°C’ originating from lake ocutlets; hibernation is usually in the egg

stage (Rubtsov.1959-64; Usova 1961, Davies et ‘al. 1962), although Usova

\
(1961)reports‘§.’annulum to hibernate as larvae. Adult females have well- *

develop. { biting mouthparts and a bifid tarsal claw and feed primarily

A -

-
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on avian b}ood. Someg species, whose feed:ﬁng behavior is known, are
' host specific, being attractpd to their avian host uropygial gland
.éxtract (Lowther and Wood 1964; Fallis and Smith 1964). Its distribution

» 1s boreal holarctic. - . )

- .

Speties belonging id Pa}ahellichiellg include:

J T
Palearctic ~ . Nearctic
i T
f annulum Lund. canonicolum D. & S. -
olonicum Usova euryvadminiculum Davies
annuliforme Rubtsov emarginatum D. P. & W. SN -
' johannseni Hart "
\ . duplex Shewell & Fredeen

-

Hellichiella and_Parahellichielra are,* therefore; separated .

both morphologically and ecologically. The_immature stages of Hellichiella

spp. occur in bog seepages in %aEFr current of 5-30 cm/éec and 12°-180C;
. o ., '

those of Parahellichiella occur in mediumsized streams, 3-6 m wide, in

-

3
r

water current of 50-100 cm/sec and é°-10°C, orlginating from lake outlets.
Observations during this séudy indica;é'that the'devélopm;nt of aquatic e
stages and adglt emergence of most species, in both ;taxa, are corréél.ated

with the Bpring reproductive period of' their.avian hosts. The morphological
differences of species disting&ishing these two taxa are summarized in

Table 1. ‘ _ \

0
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Table 1,

and Parahellichiella gen. n.

Adults

calcipala &
pedisulcus

wing basal cell
precoxal bridge

9 frons
subbasal tooth

plates of
genital fork

O hind basitarsus
. . as in females

ventral plate

parameres

Pupa
numbers of

filaments

cocoon

Larva

hypostomium

ta

postgenal cleft

N

Hellichiella

both present but

poorly developed

complete
compléte

normally narrow

‘uépaily large,

on claw - "

occasionally reduced

broad, occasionaily'
with basal apodemes

uniformly cylindrical

normally tapering
posterioly, anterior
margin concave -

several small and. large

"teeth
4 to 12 per side

with a long antero-

median projection .

3 groups of 9 teeth,
lateral teeth elevated
above middle ones

subquadrate, small,
length 1/5 - 1/4 to tip
of submentum

Cne

Parahellichiella

Morphological differences between Hellichiella Riv & Card,

.. both moderately

developed

incomplete or vestigial
incomplete or vestigial

normally broad

large -

=

breoad with
basal apodemes .

large and swollen,
about twice as thick
as that of females

uniformly wide, -

anterlor -margin
usually convex

1 or 2 large spines
and several small teeth

[+ 3

4 perside

simple, slipper-
shaped, without

anterior projection

9 paralliel teeth,

lateral ones
not elevated

subgquadrate,
larger, length

ca 1/3 to submentum

Continued...

A
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Table 1 continued

Larva .
< : :
antenna long, ca 1.5 longer
than head fan stalk -
2nd segment with 4-7 annuli

primary head fan  50-80 ra§3

Rivosecchi and Cardi“id\51975) initially included in the genus

Hellichiella the fgllowing specles: saccai Riv., latipes Mg. (their

-

short, 1.1-1.3
length of head
fan stalk

4-5 annuli

+

40-50 rays

subexcisum Edw.), annulum Lund. and innocens Shewell

<

44

The species now included in Helli%giella, as revised in this thesis;-
. _ ; ' :

.

are listed on p. 2, wigq'ggfjpossible addifion of the following: crassum

Rubz., arctium Rubz., tsheburovae Rubz., barabeamsis Rubz., acutim Patrucheva

and baffinense Twinn. -

Ruﬁtsov'and Yankowaky'g1982) list in the genus Boreosimulium only
the type species, annulum Lund;; although their genus description, which

does not rafer apecifically to this species,‘impiieslthe inclusion of other

speciés which are placed in Hellichiella in this thesis.

For comparison, species included in Parahellichiella gen. n. are

listed on p. 42. Rubtsov (1959-'64) include E. annuliforme Rubz. in the
-] [ -

)

annulum-group, but adult morphological characte

immature stages are unknown) indicate that thij
9

€nephia (or pbséibly Metacnephia).
- — ‘

3

. ¥

»annuliforme (whoqe

belongs in the genus

B T o L ST,




Historicdl Background of the Taxogomy of

Hellichiella Species from Rendalen, Norway

During July 1968 about 2500 female simuliids were captured
from-CO2 - baited traps and others as they fed on domeetrc ducks, Anas
. . . : T =

boschas L., in Rendalen, Norway (Golini 1970; 1975). These simuliids

were initially referred to as Eusimulium sp. 1 and were considered

related possibly to E. meigeni Rdbtsoﬁ and Carlsson, 1965 (in litt. to

i
1

Rubtsov, 1979). Further study revealed that the minute calcipala, shallow

oedisdlcus and shape of the genital fork place Eusimulium.sp. 1 closer

to E. dogieli (Usova 1959), hence in the subexcisum—group (L. Davies 1966),

now Hellichiella To confirm their identity six females of,Eusimulium

sp. 1, selected from a collection made in Rendalen on 16 July 1968,

were sent to Dr. I.A. Rubtsov in February 1969. The importance of identi-
_ -

fying these flies correctly wasemphas;zedbeeause they had apparently

not been reported previouslyifrom Norway and because EoeimnIium sp. 1

was implicated as vector of Leucocytoroon siﬁondi Mathis and Leger to

ducks (Eide and Fallis 1972). L ~
In response, Rubtsov set out to revise-the ideotity of species -
related to the "pygmaea" group, and observed {(in litt. 1969) that

y -

although the former E. pygmaeum pygmaeum Zetterstedt (Rubtsov 1956:

768, fig. 203) is synonymous with E. meigeni Rubtsov and Carlsson 1965,

the genital fork of the holotype, "glide #4785", a female from the , -

Murmansk region was evidently distinct' from that of Fig. 203 (op. cit.).

b s, an. A aes b ana
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He related E. meigeni with Eusimulium sp. 1, and comsidered E. pygmaeim

pygmaeum a new species. Originally Rubtsov and Carlsson (1965, p. 19)

designated E. pygmaeum pygmaeum Zett. a new species under the name
E. meigeni which they "distinguished as a distinct species on 'genital
fork of femaies and male genitalia. It is described from Murmansk
materjal, and probably meets the Seendinavias'form in Karelia". The

illustretions‘of.this species have been redrdwn in text . 1. 'This

' shows that'tﬁe name meigeﬁi is pfeoc upled £ one species of Eusimulium

{Nevermannia) and therefore not transferable to another species of the

-

same genus. Nevértheless, Rubtsov (1971) proceeded to redescribe
. ; .
\
E. meigeni from a new holotype #4875, a-female from Murmansk; his -

illustrstions have been redrawn in text Figs 2. fﬁe considered this
specles similar to the specimens from Norway and placed it in the
supexcisum -'éroup, distinguishisg it from E. curvens,;ﬁhich belongs
in Ehe subgenus Nevermannia Enderlein,‘bet not from . Hellichiella . : L
dogieli (Usovs) its closest relative (see text Figs.‘l 2)

This trsnsferrsl of the. name meigeni from one species-to another
.resulted simply in mis-identification'of the second species for the
original g;:meigeni. To clarify this confus;sn,‘éusimulium'sp.-1
was briefly describedlunder the name E. rendalense (Golini 1970).

Subsequent re—examination of females of this species showed two morphological
“‘x

entities formally described as E. rendalense and E. fallisi (Golini 1975),
a third entity, gh_near dogieli, was also identified, resembling closely o
E. dogieli (Usova). The morphological differences of females ofbthese

species have.been ou%lined in Golini (1975), and 1ﬁ text Figs. 3 and 4 &and

in the Discussion of this chapter. Subsequently, Raastad (1979) synon

E. rendalemse with E;‘dogieli which he placed in Cnephia (Ggenierd),

n o
£
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and E, fallisi with E. meigeni which he placed in E. (Hellichiella).

v

_To clar & this argument affinities remained to be scrutinized further,

pending the discovery of the other developmental stages of rendalemse

1 ;

and fallisi, a comparative anaiy%is of theilr polytene chromosomes and

,

a study of their ecology. This objective has largely been achieved
LS
and additional questions raised in the present study after the immatures

of Hellichiella were found in 1979 and 1980 in Rendalen where the

~.

adult females were first discovered eleven years earlier.

.

- In particular, the taxonomic status of E. dogieli needs to

be resolved. The description of this species was reported initially

by Rubtsov (1956) who attributed authorship to Usova, based on his

—_ . ~

citation of Usova's intentién to publish the new species in the 1956

proceedings of the Leningrad Society of Naturalists. However, the -’

descriﬁtiop of dogieli as new specieé‘by Usova was not formally published .

until 1359 in a different journal (see Discussion spction).

Aside from the confusion in aurhorship of this"species, there

.
-

are significant character differences between dogieli.of'Rubtsov {1956)

and dogieli of Usova (1959) which indicate that these are two different

entities. Usova's (1959) description of dogieli was ana}ysed in

translation from Usova (1961, English ed. 1964) her illustrations are

-reproduced in this thesis text Fig. 4b. Since the-first description

TN

of dogield by Rubtsov, (1956) is gvailable only in Russian, a translation

into English ‘was obtaiued specifically for the present study and

reproduced literally beloua,_lhg_fyecies was reeescribed, with supplemental

. . -~
illustrations, by Rubtsov (1963); his illustrations are also reproduced

for comparative study in text Fig. 4a. This species is treated further

-

in' the Discussion nﬁ ip Table 9.



’ i ' 3
~ ] '
. A .
B ' ' l 1 *
 Fig. 1  Eusimulium pygmaeum pygmaeum (Zett.), renamed
L " Eusimulium meigeni Rubzov and Carlsson, 1965,
Redrawn from Rubzov (1959-64), p. 341, Fig. 230.
. . 1 Al o -
N - .o ) ‘ . ,
- ) . J
\\. . X -
- - . + LY 1*:- k]
= N a -
= P ' - b ) . ’
- ; ’
Y - o T .
- . . '!
- v ’
Fig. 2 Eusimulium meigeni Rubzov and.Carlsson, 1965 sensu
Rubzov, 1971. Redrawn from Rubzov (1971), p. 103,' Y \
Fig. 8. Known only in the female. (Dimensions in mm)
L . ¢
- N - # ’ L]
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Fig. 3. Hellichiella rendalense (redrawn from Golini 1975) angd the

. etathoracic deg 1,4 of H. near dogieli These two entities
zere known initially only from females of the 1980 Rendalen
; ~collection and were’ separated by the variegated yellow and
darﬁ—browq colour of the legs of H. near dogieli and

~

- uniformly dark-brown legs of M. rendalense.

Fig. 4a.'Hellichiella dogiell {Rubtsov)’ ghowing diagnostic characters

of larva, pupa and adults. Reproduced from Rubtsov (1962)
.P. 881, Fig. 153a. Compare this figure with text Figs, 4b and

10, 11 and 12. Note: the 12 pupal iilahents are parallel and

point forward in one direction° larval antenng with 4 annuli

. oh the 2nd’segment contour of basistyle opening (Gok),

straight: arms of stermum (Stern); narrow tip of goﬁofurka (Ga);

sternum tapering to a point.

S G

Y
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~

Fig., 4b. Hellichiella dogieli (Rubtsov after Usova) showing
g diagnostié characters of larva, pupa and adults. |
Reproduced from Usova (1961, in 1964) p. ‘78, Fig. 34. .
Codparé this figure with text Figs. ﬂa‘and 10, 11 and 12,
Note:Thq'12 pupal filaments (y.f.) flare‘odt in all
) diréctions; indistinct annuli on larval antenna consist

of -4 as stated by Usova 11961); ventral incision Ev 1.)-

'

of the larva head capsule is longer than wide; contour of
basistyle opening; arcuate hind tarsal segment of female
(mt3, ); wider gonosternum (gste); 3 long spines of

~

- paramere (pa)

..

¥
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-7 MATERIALS AND METHODS

.- * . -
. 0

Larvae, pupae and reared adults of Hellichiélla spacies

described below were obtained from Rendalen, Norway, in sedge - Sphagnum

hl .
. -~

bogs, deécribeq in the Ecology section. . Simuliid larvae were collected
from two ma%n Hﬁbitats, Renad@len bog and Rsmyrthjbrna bog, during June
to August, Héilichiclla larvae preserved in Carmoy solution were |
separated from che other simpliid,specics for chrcmosoﬁe analysis and
their carcasses subsequently analysed morphologicaliy. Morphometric
measurements were made of,vafious characters of last instar larval
'carcasses of H. rendalense and\ﬂ near dogileli, ;eported in the first
section, using an ocular filar micrometer mounted on a Wild stereomicroscope.
The number of analysed larval carcasses ;s shown %n Table 2. . Pupae,
collecte& in the samc habitats together with the larvce; were reared
individually in the field (Golini 1981) so that each emerged adult

remained associated with its exuvia and cocoon. Pupae and reared

- -

‘males and f es wc\é subsequently examined for morphological differences
associated with different morphotypes related -to larval cytotypes.

Line drawings of larval, pupal and adult characters were made with the__
aid of a camera lucida mownted on a Wild (Heerbrugﬁ) compound microscope.
Drawings of larvcl characters were made ‘from carcasses cleared
automatically during chromosome preparation; while hypopygia éxcised. |
from male and female.specimens were cleared in 10% KOH for about 24

hours at room temperature. The cleared specimens were kept in

glycerine on glass slides, usually without a coverslip, to facilita:e!
viewing the specimen 1n different orientations.

« 51 -
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~ _ RESULTS

Mbrphological Separation of Sibling Species

The caracasses of Hellichiella larvae froT Repdalen examined
for morphological differences associated with Type I‘trendalénse) and
‘YY (near dogieli) cytotypes (see Chapter 1) we;é differentiated
initiglly by the number of'secondary annuli onﬂthe second antennaf
segmenf and number of rays on'tﬁe primary. cephalic f;n. Carcasses of

. ¢
Type 1 sibling had a mean number of 5 annuli, with some occasional

specimens sh;w;ng a re-sqhdivided'ﬁasal hn;ulus:to form &, and more ‘ ;
lrarely 7'annuli; Ehe numbex of fan rgﬁs, ;s shown by iqtact cephaiic
' fans mounted and s;re;h i{ glycerine under g}ass cover slip on slides,
varied from about 60 to 75, wifh_g mean number of 66. Cércasﬁeg of
- the YY sibling had a constant nuéber of 4 annuli; the number oflfap
:gfs varied from 60 to 85, with a mean of 7A rays. These values were

; .
founq_to apply only to mature or iast-%nstar larvae. Specimens with
mature or fully developed histoblasts were found to have nérmally 12
respiratory filaments per side. Last instar larvae were easily distinguished
by* their developing h}atoblasts and fully separated gsrvical sclerifes,
both of which are un;eveloped in younger instars.' Penultimate ingtars
of either sibling ha& one anmilus less on the second segmeﬁt of the
antenna and about ten fewéfhfays than the average inhcofresponding mature
larvae. |

The frequency distribution of the number of cephalic fan

52
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rays for Type 1 and YY siblings derived from carcaéses of éhromosomally
analysed last instar larvae are shown in Table 3 and Figs.. 5a, b,

and from last instar ethanol-preserved whole larvae in Table 4 and

.

Fig. 6 a,b. Morphometric measurai;nts differentiating these two siblings

are shown in Tables 5,6 and 7. The association of larval morphotypes

with théir‘correspOnding pupae and reared adults was made by the
identity of eight head capsules of last ingtar larvae‘of Hellichiella
reﬁainiﬁg‘%rapped_amoné the respiratory filaments,pf Hellichiella pupae.

" Five of these pupae had trapped Type 1 larval head cépsuleé; ohe emerged

. h e . .
as a female and the other four as males which were identified as H. rendalense.

-

The other three pupae had trapped he;h éapsules of YY'type larvae; these
A
pupae produced two, females and one male identified as H. near dogieli.

Assoclation of larval types with pupae and reared~adults was made also,

when applicable, by comparing the relative abundance of larval morphot&ies

with that of pupae and reared adults from different collections as reported

ig the Ecology section.

- r
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Fig. Sa..

Fig. S5b.

Frequency distribut:ion of the number of rays in the primary

head-fan of mature larvae of H, rendalense after chromosome

. analysis. (Derived onm Table 3). These larval carcasses have

the second ante.nn egment subdivided into 5-6 annuli.\

Frequency distribution of the ﬁumbér of .rays in the. primary
head-fan of mature larvae of H. near dogiel aftér'chromoamhe
analysis. (Derived from Table 4) 'I‘hese Jdarval carcasses have

the second antennal aegment:,asubd:lvided :I.nto 4 annuli

For e A i e - e
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Fig. 6a. Frequency distribution of the number of rays in the primary
head~fan q@\mature larvae of H. rendalense from ethanol
: collections,‘separated first by the 5-6 annuli on the second
antennal segment, '
—_
. k]
L) . )
E
2Fig. 6b. Frequency distribution of the number of rays in the primary

head-fan of mature larvae of ﬁ. near dogieli from ethanol
coliectioﬂﬁ, separated first by the 4 annuli on the second

antennal segment,
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Table 5.- Number of rows and frequency distribution of hooks/rok\;n posterior
adhesive circlet of mature larvae of H. rendalense and H. nr. dogieli.*

\ 4
(}) ' Frequency of rows - ‘ _‘;
Number Number Total
‘Larva # rows -/ hooks S 6 7 8 9 10- 11 12 13 TOWS
near dogleli \ ) ) : ) ' . ‘ "€(
- 57 - 1 1 2 2 6 7 3 22
2 61 , 1 5 10 & 20
3 60 1 1 2 6 17 1 30
4 61 .. 1 1 10 1 22
) 5 " 62 Jo1 1 03 410 20 ' 20
6 4 16 3 - 23
7 ;zg;kza 5 12 12 2¢ 2 33
8 V61 273 10 7 22 '
o 9 61 } 1 4 9 7 2 ya 23
g 10 62 1 1 3 &4 71 & 3 23
, 11 58 11 3 6 '8 19 :
.12 61 - T 7 7 3 2 21
w13 fr\%i 1 2 3 11 7 1 25 .
" meen \\_'6112 2 4 19 50 88 83 48 9 2 -303
rendalense _
1 63 " - 15 14 - 32 :
2 62 - 12 7 9 2 2 §
3 62 .. 4 12, & 3 23 j
4 60 4 10 3 19 ;
5 57 ' 7 -’ 20 ;
6 62 2 10 9 8 29 :
7 57 ' ‘3100 7 1 2 |
8 .61 ﬁq 10 2 18 i
9 61 . 1 912 5 28 ;
10 64 2 7 16 8 |
1 ¢ 60 N 4 8 17 P
12 61 | 2 5 9 & | 22- i
13 58 ' 1 1 2 % 5 30 ;
14 63 | 1 3 7 5 3 . 19 ;
15 62 3 1.3 6 11 & 25 !
7 352

mean 6142 . 321 83123, 8% 31

* '%ll specimens were larval carcasses after chromosome analysis
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- Description of Species of Hellichiella from Rendalen (”

Hellichiella rendalense Golini (Figs. 7A-E,
84-C, 9A-G).

Eusimulium reﬁaalense Golini, 1975 Ent. scand. 6:-225—239. (Female)

FEMALE. General body colour blackish-brown, covered'with
silvery to pale yellow pubescence. Length+ body 2.4 - 3.5 mm; wing
2.5 - 2.8 m. - Y ' ¢

Head dark-browm, abbut 2/3 the width of thorax at humeral
» . \ .

-~

angles. Frons moderately broad, narrowest point equal to width of
antenna, subparallel and expanding gradually toward the vertex to sbout
140 u, frontal angle 76° - 800, moderately covered with silvery hairs,
‘a medial sulcus extends from apex of clypeus tb abqut 1/3 the 1engtp of
frons. -Clypeus s&ollen, almost square, blackish brown with silvery

hairs. Posterior surface of head and occiput densely covered with long-

ergct»siivery hairst_ » i

| Antenna ll-segmented, uniformly blackish-brown; covered with
silvery pubescence, pédicel and first flagellomere:eacﬂ about 1.5 longer .
than second flagellomere. . ;

Houthparts. Labrum, 1abella and maxillary palpB blackish—brown.
covered with pale yéllow'to c0ppery hairs; segment III twice as long as
wide, moderately swollten doraally, about as -long as segment IV; segment
v slightly less than twice the length of segment III. Sensory vesicle

oval to boot-shaped, 1/6 to 1/3 the length of its segment, Opening from a

i
i G 1 e e it il = A e a = em .



shallow neck. Handiblé strongly serrated along inmner edge, outer edge

L

smooth or jagged. Maxilla with acute retriée teeth. Cibarium smooth.

Thorax black to dark#brcwn. Scutum blackish-brown uniformly

covered with silvery pubescence with some yellowish tinge, hairs slightly

longer on posterior margin. ’Scutéllum blackish~brown covered with long

silvery hairs. Postscutellum, pleuron and katepisternum(Eﬁackish—brown,

grey pdiiiq?se, subshining, bare. P%eural membrane dark-brown to dgrk—red,

bare. Pleural tuft and hairs on pronotum and proepisternum silvery.

Basisternum connected to proepisternum by a thin precoxal bridge.

Internal arms of furcasternum of metasternum lacking subbasal tubercles.
Wings.“Veins pale to light-brown. Base of costa with silvery

hairs,.remainder with black to coppery hairs and black sﬁi&ules Base

of subcosta with a row of about 15 black(no coppery hairs ventrally,

distal 1/3 bare. quius ith black to coppery hairs dorsally,

' v

1 with

black hairs dorsally interspersed on distal 1/2 with about 12 black

IQ;;th about 1/3 of distanqe'from base of RS to wing tip. R

Spicules. R simple, ventrally proximal l{f/yith single row of 6-7

blackish hairs‘distal 2/3 with double row of sjmilar hairs, dorsally"
distal 1/3 with single row of hairs, proximal 2/3 bare. Hair tuft on
stem vein mostly coppery with few silvery hairs distall; F?ihge of

calypter and hgirs on anal 1obe silvery. Second basal cell complete.,
Ha{terea'white to pale yéllaw.

Legs. Coxa dark-brown to black aébpleuron,‘with.mode ely/

‘long silvery hairs. Trochanter, femur, tibia and tarsi uniformly dark-

brown with silvery pubescence, coppery hairs on tarsi. Fore basitarsus

cyliﬁdr;célf,modera;ely widened apically.' Hind basitazgps with small

-y

calcipala 1/4 to 1/3 the width of segment. at éijtal end; anteroventral

] ' : -
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) margin moderately- arcuate medially and pgrallgl with posterodorsal
- margin. Second hind tarsus bearing a shailow bedisulcus wiéh transverse
ﬁrinkles. Claw black;sh-brown, slender, moderatel§ curved with a large A ’
subbasal tooth about 1/2 the length of the claw.
Abdomgn:dark-brown to black covered with éilvery ﬁubescence;
hairs on tergites less dense than on sterna and pleura, basal fringe

sllvery. Sternites VII and VIII sclerotized. Gonapophyses bluntly

R}

rounded apically, medial'margin narrowly sclerotized, slightly curved

to straight. Paraproct ‘triangular; cercus trgpezoidal to triangular,

v

long, tapering to a narrow distal margin; both combined length: width

about 1.4: 1. Genital/fork with long thin stem heavily sclérotiz:ad
- ~

» and tip generally straight or slightly dilated; arms arcuate, uniformly

broad‘ expanding i;ti/sllgz_'t:. rectangular plateg breadly joining to IX
tergite, inner margin of arms uniformly concaye with a minute notch
d:l.-sxtally. Spermatheca crval" dy(k-brown to black with hexaggnal reticulate

pattern. : ' -

MALE. General Body colour dark-brown 'to- black with concolorous
hairs. Length: body 2.5 « 2.8 mm; ‘wing,-Z’.O - 2.4 mm,
S ~ Head as widt.a’ as thorax at humeral angles. Clypeus and
_;?gr surface of head blacki.sh, sparsely covered with concolorous

hairs. Antenna ll-segmented, uniformly blackish-brown with recumbent

. silvery. pubéscence on -flagellomeres, scape and-pedicel with dark-brpwn

hairs, pedicel and first flagellomere each about 1.5 longer than other
'flagellémeres‘. Palps uniformly blackish=brown with short coﬁﬁ;lorous

hairs; sensory vesicle small, flask—‘shéped, 1/% to 174 1engtﬁ of se&'pt.
- - : . :

" Labrum and labella blackish-bxown. T .

. Ta
N P P



’

Thorax black to dark-brown with some grey pollinosity.
Scutum velvety black with silvery pubescence and scme pale yellow sheen.
Pronotum and scutellum dark-brown, the latter with erect long concolorous

hairs. Pleuron, post llum and kategisternum greyish pollinoee, i

subshinipg, bare, plural |tuft and hairs on rronotum and proepisternum

dark-brown. Wings af thosk of female, except black hairs at base of

costa and on stem v

‘Legs uniformly blackish-brown, covered with dark-brown o
' : .

black hairs. Hind basitarsus flattened with parallel'margiﬁs, anteroventral

margin slightly arcuate medially; calcipala minute about 1/4 as wide as .
segment et distal end; pedisculcus shallow with fee transverse ridges.

| Abdomen generally black with blackish hairs. Tergites .
velvety blaek with dark-brown erect hairs among dark—brown_pubescence.

Sternites and pleural membranes greyish pollinose with dark-brown, long

]
erect, hairs on-stezgifeﬁl Basal fringe coppery to black. Basistyle
. / - . .

and dististyle uniformly blackish-brown with concolorous hairs;

basistyle nearly square, dististyle moderately curved, tapering uniformly
.with a stout short apical spine ‘jVentral plate triangular, tapering
s d‘ tally, with blackish hairs, lip curved Ventrally; basal arms rathe;
long, slightly cupved inwardly. Paramere with 4_long‘apd-4 short slender,

weakly sclerotized teeth. Median sclerite transparent, with e‘small

forked tipt

1LARVA. Length of last_insear 4.2 to 6.0 mn, average 5.6 mm;
generai body colour pgle yellow to light-brown; KIEEoblast 12—filamented.

Heed capsule generally pale-yellow.' Cephalic apotome wl%h marked
positive head spots, almost with no background pigment except some near

the poeterior margin 6 -8 anteromedian epots, 2 contiguous or fused

-
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- subrectangular. Hypostomium with 9 heav

double anterolateral spots, 12 - 16 contiguous posteromedian spots,

5 - 7 posterolateral \spots ‘with some marginal infuscation. Labrum

dorsal surface light-yellow with minute microtrichia. Antenna weakly
-

. ) - . . .
pigmented, first segment darker than other two; relative length of the
three segments ratio 1: 1:'1, first and second segments combined as

ub@;eﬁnto 5 to 7

long as stem of cephalic fan; second segﬁent

.

lateral téeth-strongly develéped and 8

ones, central tooth longer than medioiate:al teeth, 2 to 3 lateral

serrations adjacent to cornég tooth.usually stxongly developed., Hypoétomial :

setae 3 in a row, nearly éguidistant from each other, posterior seta

. microtrichia-like farther the second, anterior seta longest-ﬁith

relative length of the th e setae 10: 5: 1.
Cephalic fan hith 59 to 76 ﬁéle'yellow rays (average 66),
. T . — ) -
penultimate instar with about 10 fewer rays; setae on primary rays L~ 1
short and nearly touching, their length about half the thickness of the
tay, longer setaeiﬁlternating between groups of 6 to" 8 short setae;

marginal 3 or 4 rays 4djacent to secondary fan with short setae only. .

¢ Mandible ratio of length: wiath 2.2: 1, outer and gptral teeth heavily

- sclerotized, 3. subapical and 3 to 4 shorter inner -teeth, mﬁndibular

LY

serrations with a long anterior tooth and 3 to 5 smaller pésterig; teeth

Y l ) E ) B r o /
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Pemlngialia
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varying in number and size between the two mandibles of the same larva
and among different specimens. Maxillary palp slender, about 5 times
longer tham its basal width. —

Thorax: dorsal gap between bases of mature histoblasts
(interhistoblast gap) relatively wide, almost as wide as post occipital
width of the head capsule; histoblast normally with 12 filaments;
abdomen -with dark yellow pligments, cuticie apperently smooth; lasr
abdominal segment with two large conical ventral papillae; rectal ?gills"
compound, rhree major brenches each resnbdivided into smaller papillae.

* Anal sclerite/&?i:shaped with shorter and contiguous anterior arms,
posterior arms extending to 9th or 10th rows of ,hooks, cuticle between |
anterior and posterior arms with minute microtrichia. Posterior adhesive
circlet with aboutiGl TOWS of_8 to 10.hooks. -

PUPA. Reapiratory gills light to dark yellow, average length
2.8 mm (1 5 to 3. 4 mm) consisting of 12 filaments/side arising from two
main trunks of equal length the latter diverging about 45° dorsoventraiiy,
each trunk dividing horizontally into two" branches, each branch resubdivided
into two plus one filaments, hence producing branching pattern (3+3) + (3+3).
Filaments.strnight and pointing horizontally forward. Integumenc’and
cocoon iiéht to dark yellow, thoracic cetae 5/side; tergite I with a

/\s_iE&'Le setaform spine/side, II with 4.simple spimes/side, III and' IV

each with 4 compound (double pronged) hooks/side, rest of tergites each

. with a row of comb spines - all pointing forward. ”Sternites, IV with

‘one fine setaform spine/side, VI with 2 spines/side, VII and VII with

one simple spine/side, last segment with'two stout tail hook: Cocoon ™
. slipper-shaped finely woven, ‘about 1.5 the length of fil ynts, withi

- one 1ong, slightly tnicker anteromedial projcction almoat as long as

-
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filaments; about 1/3 of basal Portion of projection less tightly woven

medially than rest.

HOLOTYPE. Female, type No. 13913 in the Canadian National
Collection (C.N.C.), Ottawa. A )

TYPE LOCALITY. Ostvollen Renda River, Ytre Rendal, fHedmdrk;
Norw;y. Attracted to COz~baited trap at water level, July 16, 1968,
V.I. Golini. Larva, pupa, reared- male and female from Sphagnum- bog in
Rendalen, in Jume 1979. V.I, Golini

RECORDS. Known from Rendalen; reportdd also from Murmansk
U.S.S.g:\(Rubtsov 1971). lMaterial’examdned' 54 females from Ostvollen,
Ytre Rendal, July 16, 1968 304 1arvae, 506 pupae 493 reared males and
females from Ostvollen, June - July 1980, V .I. Golini.

REMARKS. This 'species belongs chromosomally and morphologically

to the conggreenarum—gfoup A of Dunbar (1967). 1Its closest relatives are

..3,

H. near dogieli and H. fallisi as diagnosed in Golini (1975) and in text
Diacussion section.

BIOLOGICAL Nb'rzs. This species was discovered initially as K
females feeding on blodd of domestic dutks (Anas boschas) and attracted :
to Coz-baited traps at wgter level on the Renda River from early June to
late Jul&. Host-seeking ‘females are restricted to within 10 o from shore

and 1 m above water level (Golinil975L and are vectors of Leucocytozoon

A

simondi in ducks (Eide and Fallis 1972) Larvae develop on decaying

vegetation in shallow seepaggs of sedge-SEhagE bogs, preferentially

at the periphery, in water current of 1-30 cm/sec and temperature 12 —16°C,‘

from early to mid May. The first pupae occur around mid May and adult
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emergence from 2nd-3rd week of May to mid July. It overwinters in the
Egg stage. -Beared adults have little stored nutrient and require a

blood meal -to develop eggs. ‘Mating and oviposition habits are unknown.

.
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] Hellichiella mnear dogieli (Figs. 10 A-3, 11 A-C,

12 A-G) ;
Eusimulium near dogieli; Golini 1975, Ent. écand. b: 229-239 (Female)

FEMALE.  General body colour dark brown to blackish, covered

with silvery to pale yellow ﬁubescence. Length: body.2.5 - 3.8 mm; wing

¥ Head dark-brown about 2/3 to 3/4 width of thorax aﬁ‘humeral
angles. TFrons moderately broad, narrowest point as wide as antenna,

subparallel and'expanding gradually toward the vertex to about 140 u,

frontal angleaabout 750, moderately covered with silvery hairs, a meédial

kY B

sulcus extends from apex of clypeus to about 1/3 the length of froms.
Clypeus swollen, almost square, blackish-brown with silvery hairs. -

Posterior surface of hedduand occlput densely covered with long‘érect,

“

' qilvery hairs.l

u' ‘ Agtenna l}—segmented, uniformly. blackish-brown, covered with

silvery ptibescence, pedicel and first flagellomere about 1.5 the-,—lengi:h_

of the se;ond.- . o | ‘
- Hbufhparts:labruﬂ; 1;bella and maxillary palps pale to dark
yéllow covered with coppery hairs, palp segment III darker than the
ogyera with an qyal sensory vesﬁicie; 1engtas of palp ﬁegments {+II
(fused) 84 yu, IiI 112 u, IV 112”p and V 196 1, a1l combined aslong as
hind basitarsus. Mandible serré:éd Flong inner edge, maxillas with

- retrorse teeth,‘cib;rium smooth. - |

Thorax dark-browvn to blackish, grey ﬁollinose, Scutum uniformly

i

e -

!
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blaek to dark-brown, covered with silvery pubescence with some pale-
.yellow tinge. Scutellum pale to dark yellow covered with long silvery
hairs. Postscutellum, katepisternum and pleuron dark-brown to black,

grey pollinose, subshining, berei fleural membrane darg—brown o dark-réd,
bare. Pleural tuft and hairs oo pronotum and proepisternum silveryl
Pronotum pale to dark—yellow. Basisternum connected to proepisternum

by a weak precoxal bridge. Internal arms of furcasternum of metasternum -
lacking subpasal tubercles.

Wings. Vedns pale to lighr—bro?n. Base of costa with silvery
hairs, remainder with coppery to black hairs and.black spinules. Base

of subcosta.with a row of about 15 blach’hairs ventrally, distal 1/3
bare. Radius with black hairs dorsally; hair tuft on stem vein mogtly
silvery, some light yellow, R1 wirp dark hairs dorsally interpsersed

on disral 1/2 with about d black spinules. R, simple, ventrally proxinal'
1/3 with single Tow of 6 - 7 black hairs, distal 2/3 with double Tow of
similar hairs, ‘dorsally’ proximal 2/3 bare, distal 1/3 with single row

of hairs. Fringe of - calypter and hairs on anal lobe silvery. Second.

‘ basaf cell complete. Halteres:white to pele yellod.

Legs covered with silvery to pale yellow hairs. Fore and mid
coxa dark—brown, hind coxa pele yellow medially and dark—brown laterally.
Trochantex mostly pale yellow with some derk brown marginally. Femora
mostly pale yellow, distal lld‘dsrk1broén. ‘Tibiae pale yellow medially,
prqrinsl and distal 1/4 dark-brown.’ lsrsi o£ fore and mid, legs dark-
brown; tarsl of hind 1eés generally pale yellbw, basitarsus with some |
dark brown on proximnl end, calcipala minute, .about 1/4 to 1/3 width of '\,

”segment at distal end anteroventral margin compressed slightly arcuate

4 *
medially, posterodorsal margin round and straigh@; pedisulcus shallow
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. Spermatheca oval, dark brown with hexagoﬁal reticulate patterm.

'Antenna llnsegmented uniformly,blackiah—brown with recumbent silvery.

72

with transverse wrinkles. Claw black to dark;brown with a large
subbasal tooth about 1/2 the length of claw.

Abdomen dark-brown with silverylpubescence; basal fringe
silyery. Tergites dark-brown to black, moderarely covered with short

silvery hairs. Sternite VIII sclerotized, VII not sclerotized.

Gonapophyses bluntly rounded apically withaneerly straight inner margins.

‘ Paraproct and cercus combined length: width about 1.2: 1, cercus trapezoidal

with sloping anterior edge, truncated to bluntly rounded apically.

Genital fork with long tﬁin stem, tip broadly dilaged;‘arms arcuate,

uniforqu broad, expanding to rectangular plates joining biroadly to IX

: . \ - .
tergite, inner margin uniformly concave with:a minute notch distally.

- )

MALE. General'ﬁody.colour black to dark-browm with concolorous
hairs. Length: body 2.4 - 2.7fmm; wing 2,0 - 2.2 mm.
R . - . R 4 A .
Head as wide as thorax at humeral angles. Clypeus and posterior

aurfaee of head dark-brown to.bleck covered with erect black hairs.
% N

1

pubescence on flagellomeres,\scape aﬁd pedicel with darkebrawn hairs,

'-pedicelandfi st flagellomere each about 1.5 longer than other flagellomeres.

ow, segment III darker brown with small sensory vesicle

about 1/5 the. le'gth of segment; labrum and labells pale-yellow.

e
'

Thorax ‘black to dark-brown with some grey pollinosity. Scutum

-velvety black with silvery pubescence and some bronzy to yellowish sheen.

Postnotum pale to dark yellow. Scutellum pale yellow with long black

hairs r-Pleuron, postscutellum end katepisternum grey pollinose, dark-
brown, subshining bare; pleural tuft and hairs on pronotum and proepisterpum

dark-brown. Wing as that of female, with black hairs at base of coste

L
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and on stem vein. Legs covered ?ith dark-brown to black hairs. Fore
coxa and mid coxa dark-brown, hind coxa pale yellow medially and dark-
browﬁ laterally. Trochanters mainly pale yellow with some dark-brown
marginally. Femora mostly pale yellow, distal 1/8 dark-brown. Tibige

T2
pale vellow medially, proximal and distal 1/4 dark-brown, hind tibia with

long black hairs, tersi of fore and mid legs .dark-brown, tarsi of hind

legs mostly pele yellow with some dark-brown on proximal end of basitarsus,
the latter wieh parallel margi;e and slightly arcuste medially on
anteroventral margin calcipala minute 1/4 to 1/3 width of segment at
distal end, pedisulcus shallow with some traefjsrse wrinkles

Abdomen. Tergites veivety black with dark browu, long, erect

hairs and dark-brown pubescence. Sternites and pleural membranes greyish

pollinose and dark-brown, long, erect hairs on sternites. Basal fringe

black to coppery.. Basistyle almostreehare, mostly pale yellow except

- for a ﬁarrow band of dark-brown at proximal and distal ends;: dististyle

uiformly dark-brown with concolorous hairs, long spines mainly on lateral ~
surface, tapering wmiformly with E stout éhe;t apical spine. Ventral
plate triangular, tapering distally, covered with’blackish brown hﬁirq;;

1ip slightly curved ventrally; paramere with four long and four shorf

Coes 1

slender, weakly sclerotized teeth; meﬂian sclerite with a small forked

-

tip.

to 6.0 mm (average 5.§‘Ehi;
gh ‘brown; histoblast 12-filamented.

. LARVA. Length “of last instar 4,
general body colour pale yellow to

Head capsule generally yelluw;t Cephalic apotome with marked
H

positive head spots, almost with no background pigment except some near

3 ' N

the poeterior margin; 6 to 8 aﬁteromedian spots, one or two contiguous g
dfg, 10 to 16 contiguous posteromedian spots, 5 %

.
T

-~ '1..u
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to 7 posterolatpgal spots with some marginal infuscation. Labrum dorsal

surface light yellow with few minute microtrichia. Antenna weakly

pigmented, first segment usually darker than other two; relative length

of the three segments 10: 9: 10.5, first and second segments combined

¢

slightly shorter than stem-of cephalic fan; second segmgdt subdivided

into 4 secondary annuli separated by rings of unpigmerjted membrane; third ~ .

segment slender, longest with a minute sensory apical spicule. Postgenal

,

cleft small, rectangular usually with uneven anterior margin, slightly

wider than long, width: length 3: 2; distance from anterior margin to’

apex of hypostomium about 4 times the lemgth of the cleft. Suboesophageal

ganglion outline trianguler, Hypostomium heavily sclerotized,‘with 9 .

'teeth 'laterel‘ ones strongly developed and slightly elevated above

- ~

intermediate teeth; central tooth longer than mediolateral teeth 2 main

lateral serrations adjacent to corner tooth usually strongly developed.

Hypoetomial setae 3 in g row nearly equidistant from each other, posterior

seta microﬁdohie—ldke slightly farther from the second anterior seta

)

longest, their relatiwe.length 10: 5' l.ﬂ Handible relative length width

2.3: 1, outer and apical teeth heavily sclerotized, 3 subapical teeth

.'and 3 to 4 shorter inner -teeth, mandibular serrations with a long

anterior -tooth and 2 to 5 smaller posterior teeth varying in size and -

number even between mandibles of same specimen. Maxillary palp slender,

about 5 times longer than its-basal width.‘

Cephalic fan with 60 to 85 pale yellow rays (mean 747 penultimate

inatar with about 10 fewer raYs), primary ray with 7 to 9 short setae

betdeen two longer setae per segment length equal to ray thickneaa, »

marginal 3 or 4 rays edjacent to secondary fan with ghort. setae oniy, ) 7——"’_

' stem with 5 to 8 microtrichia dorsally. Thorax, dorsal gap bétween bases



e

N b

T R i s

-

of mature histoblasts (intrahistoblast gap) narrower than postoccipital
width of head capsule; histoblast normally with 12 filaments. Abdomnn
with dark yellow pigments, cuticle apparently smoorh; last abdominal
segment with two large conical rectal papillae; rectal "gills" compound, -
three major brancnes eachHresubdividod into smaller papillae. A&hl
scleri;ey)ﬁ(:snaped with shorrer and more contiguous anterior irms,
pbsterior arms extending to 7rh or‘Bth rows of hooks, cuticle between
anterior and posterior arns_w;th minute nidrotrichia. Posterior
aﬁbgsire sirclet with 61 rows of '8 to 1l hooks.

" pura. fRespiratory;giils light to dark yellow, average lenéth

2.0 mm (1.5 to 2.5 mm) consinting of 12 filaments arising from two main

trunks of equal length which diverge about 60°dorsoventrally; each trumk

dividing horizontally into two branches, each branch resubdivided into
two plus one side~branches producing branching pattern (3+3) + (3+3),

1

Filaments flared;lniverginglwithin 1800;}n_differént directions in front -
of the pupa, occasionally recurving backward: Integument and cocoon
light to dark yellow, thoracic setae five per, side, tergite I with a
.simple spine/side, II with 4 simple spines/side, III and-IV each with 4
double spines/side,rest oftergiteseach with a row of simple comb spines -
like others pointing forward. Sternites, IV with ome fine\-aetafoer'
spine/side, VI'with 2 spines/side, VII and VIII’with‘ono'éimple spine/

*side, last segment with two stout taii‘nooks;—;Cocoon—slipper—shaPEd,“

- finely woven, light to dark yellow, about 1.8 tﬁe‘iength of filamnn;s,

" with onﬁsliihtly thicker, long, anterior projection gllghtly shorter than

filaments, about 1/3 of basal length of projectién less tightly wovon

. medially than the rest. S .

o
by
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RECORDS. Known from Rendalen, ﬁorway, Material examined: 30
females from 5etvol;en, Rensa River, July 16, 1968, 3une-Ju1y‘1979 and
1980; 84 larvae, 54 pupae and 34 reared adults; Fuglgsen, Ytre Rendal,
June-July 1980, 203 larvae, 62 pupal and 62 reared adults, V.I. Golini.

REMARKS. This specles was seggrated chromosomally from
ngrendalense feee Chapter 15, and morphologically it resembles H. dogieli
(qutsov sensu Usova) as diegnosed in this Chapter. Character differences
bet;een this and H. dogieli sensd_Rubtsov (1956} and Usova (1959) indicete
it is ; new Species (see diagno;is in Discussion section).

BIDLOGICAL NOTES. The biology of this species as larvae,
pupae and adult femalés is similar to that of B. rendalense. Females are
attrected to “COZ-baited traps and engorge on duck blood .a.nd are vectors
of L. simondf'to ducks (GoIini 1975; Eide.and Fa111311972). hnmature
stages develop ih bog seepagee as H rendaleQEe except that larvae
occur preferentially in mid rather than peripheral seepages in water -

.

current 1—30 gm/seczand temperature 12_-16 C'from early to late May. '

*y L
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Hellichiella fallisi Golini (Figs. 13 A-J)

Eusimulium fallisi Golini, 1975. Ent. scand. 6: 229-239 (Female).

-

FEMALE. General body colour blackish~brown, covered with silvery to
pale yellow.pubescence. ‘ Length: body-é.7 - 3.0 mm; wing 2.5 - 2.6 mm.

Very similar to rendalense. Head dark-brown, about 2/3 the width of thorax

at humeral angles..‘Frons moherately Broed, narrowest peint nearly equal
to width of .antenna,’ subparallel and expanding toward the vertex, moderately
covered with silver& hairs, frontal angle 76° - '809. Clypeus swollen,

blaékigh broyn with silvery hairs. PosteriorAsurfece of head and oteciput

densely covered with long erect~silvery halrs. . B ~
"%

Antenna ll-segmented, uniformly blackish-brown, covered with silvery

pdbescence, pedicel and first flegellomere each about 1 3 the length of

the second segment

Mouthparts. Labrum, labella_ and maxillary palps blackish~brown,

covered ith pale yellow to coppery hairs, segment III twice as..long as

Jwide, derately swollen dorsally, about as long as‘segment IV segment “
v slig tly less than twicelthe 1ength of ‘segment III. Sensory vesicle

about ¥ the length of. the segment. Mandible stroT Berrated.alongfinner

edge, outer edge with few apical teeth. Maxille with acute retrorse teeth.

. Gibarium unarmed. * ' "

L
¢

Thorax dark-brown to black.’ Scutum blackish-brown uniformly covereq

‘dwith silvery pubescence with ‘some yellowish eheen, hairs alightly longer

on posterior margin. Scutellum blackish-brawn covered with longfsilvery

- o . (¥}

hairs. Postscutellum, pleuron and katepisternum bldckiah-brown suhshining, e

+*

bare. ' Pleural tuft and hairs on pronotum and proepisternum silvery.

‘.- A



: g - Basisternum cdunected to proepisternum by a thin precoxal bridge.
E Furcasternum of metasternum’ladking subbasal tubercles. |
Wings. Vedns'pale to light brown. Base of. costa with silvery haifs,

remainder with black hairs and spinules. Base of subcosta with :)row of
dbout 15 black to coppery hairs ventrdlly, distal 1/3 bare. Radius with
black ‘to coppery dairs-dorsally, length abdut_l/S o; distance from base of
Rg to wing tip.” Ri with black hairs dorsally; R, simple, ventrally proxi-
mal 1/3 wich singlelrow of Slackish hairs, distal 2/3 with double row of

- - similhr hairs, dorsally distai 1/3 wiph single row of hairs, proximal 2/3

bare. Halr tuft on stem vein’coppery with few silvery hairs distally.

i S .- Fringe of calypter. and hairs on anal lobe silvery. Secdnd basdi cell
. 1 . . completé. Haiteres white to pale yellow.,
B h 'F

; 'Legs Coxa dark-brown to black with moderately long Bilvery hairs.
Trochanter, femur, ‘tibia and tarsi uniformly dark—brown with silvery pube-

scence, coppery hairs on tarsi. Fore basitarsus cylindrical, moderdtely

_:ﬁidening distally. Hind basitarsus #th a_sﬁall caleipala 1/4 to 1/3

the width of seé;edﬁ‘at distal end; second hind tarsus with a shdlloq'“J
i - _ - pedisulcus wiEh transverse wrinkles. Claw blackish-brown, .slender, witﬂ
| = a iarge sub—baéai tooth. gbout % the. length of the claw. -
" o Abdcmen dark-brown covered with silvery pubescence, basal fringe
“ - Tsilvery. Sternitas VII and VIII aclerotized. GanapophyseSubluntly'-

rounded ‘apically, medial margin narrowly sclerotized llightly concave.

Cercus short, aubrectangular trun:ated to gently rounded aplcally, para-"

= _ _proct and €Brcus ‘c?ombined 1atera1 view tatio length: width ahuut 1r1,

.,

[y ’ e

| ..
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1
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?

v

r
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] , parapro.(:t, triangular. Genital fork with long thin stem, darkly 3¢1er°tized ~
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but less so on anterior tip which is markedly dilated; arms arcuate,
u?}formly broad, usually expanding into short rectengular plates broadly
joining to tergite IX; inmer margins of arms concave, with a minute mid
nofch aﬁically. Spermatheca oval, dark brown to black with hexagonai .

s

reticulate pattern.
PUPA. Respiratory gills light to dark yellow, lemgth about 2,0 mm

(1.5 to 2.5 mm) consisting of 12 filaments arising from two main trunks

of equal length which diverge about 60° dorsoventrally, each trunk dividing
horizontally intoltwo branches, each of which resubdivides into two plus
one gide-branch rééulting in a branching pattern (3+3)+(3+3). Filaments
flared, diverging in different directions. Exuvi& and cocoon 1ight'to

dark yellow, 'thoracic setae five per sid;; tergite I with a simple spine/
side, II with 4 siﬁples spines/side, III and IV each with 4 double sﬁines[
side, rest of tergites each with a row of spine combs— like others pointing
forﬁard. Sternites, IV with one setae form spine/side, VI with 2 spines/
»8ide, VII and VIII with one simple spine/side, last segment with two stout
tail hooks. - Cocoon slip;er;shaped, finely %oven, light to dark yelluw,\
about 1.8 the length of .filaments, with one long{ anteromedial projection
slightly shorter than_filaments, about 1/3 basal I;ngth of projection less
tightly woven medially than the rest.

Wlar to that of rendalense. - ¢

LARVA unknown.

S
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HOLOTYPE. Female, type No. 13914 in the. Canadian National
Collection (C.K.C.), Ottawa. :

TYPE LOCALITY. Ostvollen Renla River, Ytre Rendal, Hedmark,
ﬁorway. Attracted to.éo2 trap at watey level, July 16, 1968, V.I. Golini.
Pupa, reared female and male coli;ctédtfrom Sphagnum bog on Fuglésén,

Ytre Rendal, in June 1980, V.I. Golini. ;

.RECORDS.- Known only from Rendalen._ Mﬁéerial examined: 22
females from Ostvollen, July 16, 1968 32 pupae and reared females- and
males from Ostvollen and Fuglasen June-July 1980, V.I. Golini. ‘.

REMARKS ., Thig specles has not been distinguished chromosomally; '
Tarvae aﬁd adult males are morphologicplly indistinguyishable from those
of H. ren&alense. Differences betweezrtheae,speﬁies are diagnosed in

-

the Discussion section.

BIOLOGICAL NOTES. Thig species was discovered initially as

females feeding on blood of do c-ducks (Anas boschas L.) and attracted
to Coz-baiteg traps at water the, Renda River, from early to 3ate
July. Host-seeking females are restricted to.within 10 m from shore and
1 m sbove water lgveli(Golini i975)! énd‘are X?cﬁors of L. simondi in
ducks (Eide and Fallis 1972). Immature stages de§elop in sedge-Sphagnum
Bogs, preferentially ‘in gia bogf in shllow seepages with water current.of
1-30 cm/sec 3%9 temperature of 12°—16005:from early to late May. Pupae
ogeur from mid to end of Maj and adults in %ate May-early July. Reared

f?male;:hawe little stored adtrients and require a blood meal for the

-2 first ovarian cycle. Mating and oviposition habits are unknown.
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Stegopterna dogieli Usova

-

(Usova, 1956, Proceedings of the Leningrad Society of

Naturalists). '(as quoted in Rubtsge, 1956)

Iselated Species. (see also‘Fig. 4La, this thesis) -

Male

Only prepared genitalia are present frem the pupae. . The
gonocoxites (basispyles) are elongated; their length exceeds theif'
y\;keaeth. Theegoneeeyles (dististyles) éref;ong, conlcally pointed
towards the end, weaklx;;Ld gradually bent, with a small groove on
the external side; e} the end of the gonostyles 1s a single-small
spinule. The genosternum (ventral plate) laminaeed,%the hooks
(parameral teeth).ﬁre‘shqrt and fine; the body of the gonosternum is

blunt and conically pointeg'to'ghe back; the width ofJite body exceeds

o

,11mr4€:gth by almos; twofold. . )

The'length of the body is 2. 3—2 5 mm, of the wings 2.7 mm.

4

Thé frons is narrow, its height is twice as high as the width, pubescence
of frons is general light-color;d golden hairs. The antennae, according:

to Usova, are 10—aegmented, completely black. The maxillary palps are
relatively short; the &th segment is shorter than the second and third

put together; ; the 2nd segment is almost twice as thick as the 4th. The
Lauterborn organ ‘(sensory vesicle) 4is small.. The scutum is grayish—

black with -dense golden hairs. The séutellumis dark-brown with long . |
sparse dark-golden hairs. Theghalteresrare Iighﬁwyellob. fThe-legs are-k\\

completely yellowish withlloﬂg hairs. Dark in colour: the coxse, the

distal ends of the femora, the top quarter of the tibiae, the tarsi of

[
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are elongated.’ .

"gills" are simple. On the ventral side at the end of the abdomen are

B"‘i‘-“-‘!“ﬂ'_“f‘iﬁrﬂ:quud
.
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the fore and mid legs. The first segment of the fore-tarsus is slightly
flattened and broadened towards.the tip; its length is 7 times greater

of the hind tarsus is slightly broadened

than- the width. The first segme
in the middle, is equal to the ibig in width, and is 3/4 of its length;

its length is 5 times greater thap its width. The calcipala on the lst
. ~ - _
segment of -the hind tarsi is well developed, the pedisulcus is lacking "

-

~

on the 2nd segment. The anal plates are small, semi-circular, the cerci

. .

-
Larva. Length of the body 5.0-5.5 mm. The co;oration‘Pf the

body is light rayish. The cephalic hpotome with an'ohéious positive
pattexn. Th late spots on each side;'they are separate anﬁ the
lower one is larger ; an the middle and UppET ome, the mid@le séﬁés in

the middle of the frons are alﬁost j;ine& to each other. The antenna

is &-segmentéd, the lst segment is equal in length to the 2nd and thEE”/j
as thick, the third Begment is thetldﬁgest;‘ In the primary ﬁead fan

there aré 48 rays. “The apical tooth of the mandible is lafge, the -
anterior preapical tooth is.significantly larger «than th:‘middle oﬁé;

ther;&are many marginal teeth, more than 6, of these ‘the'first is larger

- than the othefs: The submentum is as in the species of Stego tefh, i.e.

it seems to consist of three groups of teeth whereby the lateral omnes
gre.significantly larger than the median. There are two thick setae

along each side of the submentum. The ventral incision in, the head

capsule is shallow, unevenly ‘l:riang'ular, with uneven edges. The rectal

two conical growths (ventral papillae). In the adhesive organ are N

74-76 rows,of hooks with 9 hooks iq each row. The posterior branches

s .
of the anal sclerite reach the 12th row of hooks.

-
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Pupa. The length of the body is approximately 3.0 mm. The
cocoon, with a long horn-like growth, covers completely the body of the -
pupa. The lateral edges of the horn-like groqth {(anterior projection)
are, thickened. The pupal gills have respiratory filaments on.eaeh side.
At the base of the organism is a lpng stem separating into two; on each
stem there are six filaments° their branching is uneven‘and separate
£ilaments depart in varying distance from the base, while several of

them in the upper third‘go the whole length of the organ. The aggregate

* of the filaments. is close to one vertical plane'and their tips are

located approximanely on a single level. The coloration of the filaments
is black and towards the ‘Fp the filaments are lighter. The posterior
segment of the body of- the pupa bears two thin long bristles.

BiOIng. The larvae and pupae are attached on qunes'in A
small coldlewampy streams where there is an average current of apprbximaﬁely

0.3-0.5 m/sec., at a water temperature of 10-12°¢. Pupation in June.

Emergeance at the beginning of July.

Distribution. Karelia, Pryazhinsky District, stream by Vilga;

helozersky District, streem behind village of Vedloﬁero; Belomorsky T

District, environs of the town of nelomorsk;-Kensky District, stream

~

by the Eligozero Station (Usova). L -

‘The presence of a well developed cocoon with a horn-like

o

'growth the fine and elongated gondstyles with a single spinule at the

end, the claws in the fema;e wich/e large tooth, sharply;differentiate
this speeies fron all other spEcies of the Stegogtefa.;‘The enumerated
aggregate of characteristics appears as the basis for separating the

species into a special (separate) species.

From Rubtsov 1956. Fauna SSSR 6(6), PP 84-843
Translated from Russian by S.D. Cioran, McMaster University.

)
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Figs. 7
A-E

Figs. 8
A-C

Figs. 9
A-G,

Eb_rendalense‘male. . ' e

"E. Mandibles, left and right of the same larva Ehowing large

H. rendalense line drawings of morphological characters of

adults male and female, larva and pupa. (Dimensions in mm)

>
H. rendalense female.

A. Hypopygium showing shape of genitaf fork, parapfoct ;nd
long tapering vercus, sclerotized VII and VIII sternites.
B. 1st, 2nd, 3rd legs showing uniformly dark pigdentation,
small caleipala and shallow pedisﬁlcus oh hind (3rd) leg.
C. Tarsal claw showing large subbasal tooth. D. Frons,

shape and size.  E. Antenna with the normal number of

ll-segments, pedicel and first flagellome:e are each longer

than subsequent segment. J

4

A, Basistyle and dististyle. B. 1-4 Véntral plate (gonostefhum)
in different orientations Iﬁ-horizontal 2 ohlique to vertical,
top view, 3 Vertical,,ventral view, 4 lateral view-note large
angle of 1ip curvature. C. Paramere,uphowing sbape and number

of spines-four long and . four short spiées. (Ledéth of bars

0.05 am) . . - v .
lh.rbnéalense larva A-E, pupa F-G SRl
Larva. A. Head capsule, ventral view showing‘gbstgenal cleft, .

aubrectangular shaped subesophageal ganglion, hypostomium with
position and rq&aﬁtvé’size of three setae/side. B. Hypostomfum
apex showing nine inner teeth and lateral serrations, the,

ok B

corner teeth are largest and lightly raised above level of -

intermediate teeth. C. Cephalic apotome showing pattern*of -~

positive head spots on relacively unpigmented background.
D. Antenna, showing the seconJ segment subdivided by the normal

P

five annuli.

apical teeth, 4 subapical + inner teeth, and mandibular
serrations whose size'and nunber of dist4l teeth is highly -
variable,

v
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Figs. 9 H. rendalense pupa F-G PR .

F-C Pupa. F..Gill, showing branching pattern of fésﬁiratory,,'
filamen;s, upper trunk 3+3, lower 3+3 branches. Noté
filaments pointing straight forward in the same direction.

. G. Cocoon with prominent .anteromedial projection.
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Fﬂ§23 10-12 H. near dogieli line drawings of morphological characters of

red

»

Figs.1l0 H. nr. dogieli female.

A~E{

E'

Figs.12
A-E

intermediate teeth. .C. Fephaiic apotome éhowing pattern of

adults male and femq}e, larva and pupa. (Dimensions in'mm)

12

A. Hypopygium showing shape of genital fork, note dilated

anterior tip; paraproct and madiu@ 1ength subtruncated cercus; .

sclgrotized VIII tergite. B. 1st, 2nd, 3rd legs showing v
" pattern of dark and light pigmentation,- small calcipala and

shallow pedisulcus on hind (3rd) leg. C. Tarsal claw ;howing

large subbasal tooth. D. Frons, note ‘narrower shape.

E. Antenna with the normal number of ll-segments, pedicel

and. first “flagellomere are each longer than subsequent segment.

' Figs.11 H. nr. dogieli male.
. A-C

A. Basistyle and dististyle, note darker pigmentation on
proximal and distal margin of basistyle and on entire

. dististyle. B. 1-4 Ventral plate in différent orientations;
‘1 hokizontal, 2 vertical, top view, 3’Gertica1 ventral view, ..
4 lateral view-note ‘small curvature, thus nearly straight lip.'
c. thffire, showing shape and number £ spines-four long ard

four short-and widely diverging arm. (Length of bars 0.05 mm)

H. near dogiell larva A~E; pupa F-G ' P .
Larva. A. Head capsule, ventral view showing postgenal cleft,
subtriangular shaped subesophageal ganaglion, hypostomium with
position and relative size of three setae/side. ~B. Hypoétomium.
apex’shoving nine inner téeth,and”lateral serrations, the

corner teeth are largest and slightly raised above: level of -

positive head spots on relatively unpigmented beckgroun&.-w
D. Antenna, showing the second segment subdivided by the
. normnl four; annuli, distal annulus slightly lbnger than basal S
. ones. E. Mandibles, left and right of the sdie larva showing F
large apical teeth, 3 + 4 subapical + inner teeth, and pandibular
serrations 'whose size and number of distal teeth is higbly variable.

4
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Figs.12 H. near dogieli pupa F-C

F-G

.t

FP

Pupa. Gill showing, showing branching pattern of respiratory
filaments, upper trunk 3 + 3, lower 3 + 3 branches. Note
flaring filaments pointing in various directions. €. Cocoon

with prominent anteromedial projection.
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Figs. 13
A-J

Figs. 13 .

A-H

Tigs. 13
I-J

;1ower 3+3 branches. Note filaments flaring out, pointing

H, fallisi line drawings of adult female (A—H) and pupa (I—J)

. (A-F redrawn from Golini 1975 dimensions in mn)

H. fallisi female.

A. Maxillary palp. B. Apex of mandible. C. Tarsal claw.

- D. Hypopygium showing genital fork, portion of hypophysis o

and sternum VII and VIII both sclerotized, spermatheca.

. E. Paraprocts and cerci, ventral and side view; note low

circus truncated distally. F. Paraproct and ceréus, side
view, showing variation in shape. GL-Anienna with the normal
number of ll-segments, pedicel and first flaéellomere each = -
longer than subsequent segment. H. lst 2nd, 3rd legs, showing
uniformly dark pigmentation on all segments, small eglcipala ¢
and shallow pedisulcus on hind (3rd) leg.

X

H. fallisi pupa. . .
I. Cocoon with prominent anterior projection: J. Gill showing -

. .
- i . F

branching pattern of respiratory filamenta,_upper trunk 3 + 3, -

1

in different directions. . -
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DIAGNOSIS AND DISCUSSION

H. rendalense and H. near dogieli (,:)'
The adults of these two species differ essentially in degree

of pigmentation of the legs and otheér body parts. Both male and female

of H. rendalense are uniformly dark-brown to black, while adults of

H. near dogieli have dark~brown and pale yellow pigmented legs and other

body parts. This differential pigmentation is a stable character and

not the result of incomplete hardening of the cuticle of teneral specimens.

- This character occurred consistently in reared. specimens kept alive for

as long as five days after emergence, and also in wild females caught
while biting ducks (Golini 1975).  This differential pigmentation is
detectable most readily in gthanol-preserved specimens, while. in dry-
pinned specimens the contrast is less obvious. In both males and females
of H. rendalense these body parts are all uniformly blackish-bfown.
However, the int?gument colour of adults may-;ary from generally black,
in dry-pinned specimens, to dark-brown, in ethanol-preserved specimens;.
this colour rangelgivéu in the deqcriptionrapplies to these conditions
of preserﬁation. ’ ‘

The fepal; of H, near dogieli is diséinguished also by the
sclerotizat;on on ﬁhe VIII sternite and its absence on'the VII; H. rendalense
has both the VII and VIII sternites scieroti;ed. In H_.- ne_af'- dogieli the -

frons is slightly narrower and the cerci are geherally semitruncated

distally with a gently sloping ventral margin; in H. rendalense the

91
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frons is generally broader and the cerci are typically long and
. taper posteriorly to a narrow distal margin. |

The male of H. rengalense has the lip of the ventral plate )
markedly recurved ventrallyjand the parameral arm recurves -contiguously
beside}the parameral teeth; in H. near dogielli the lip of the ventral

plate is almost stfaight, and the parameral arm has a wide curvature.

The Basistyles of the two siblings have characteristic contoﬁrs inlfh
'openings on the inner ;urface. The shape of the véntral plate when
viewed in.different orientations appears in differegt shapgs, as shdwn
in the text drawings. Hence, when analysing this cﬁaracterfthe
orientation should be standardized or’specified.

Although the antennae of adults have normally Il segments

(scape, pedicel and 9 flagellomeres), the number of flagello@eres

“is variable. 1In aboGt 5% of reared adults of both species the number

of flagellomeres varied from 6 to 8 (8 being common) due to fusion of
one or two dista; segments. Segment fusion is sometimes difficult
to detect, and the anténnae may appear to hgve 10 normal segments. .

' The pdfaé of the?g two species are distinguished by the
orientation of the respiratory filaments. In H. rendalense the filaments
are parallel and point directly forward in front of thé pupag whé;eas,
in g;:near dogieli they flare out, pointing in all directions within
a8 180° angle in front of t#e pupa. Top

It should be noted that of tﬂe reared pupag of Hellichiella

from Rendalen, comprising 249 from 1979 and 831 shecimens from 1980

{see Ecology section), almost all had the noxfial number of 12 respiratory

 filaments/side. In about 10% of these pupde, primarily of the 1979
) - . .

collection, the third lateral filament in each upper two trunks



-

occurred as a short branch near the tip of its parent filament In an
equally low prOportion -one of these sdde -filaments was completely
missing, producing a branching pattern (2+3) + (3+3). 1In 53 pupae of
the 1980 collection, primarily from Rsmyrtj&rna, the two upper lateral
filadents were missing entirely, resulting in pupae with 10 normal
filament§[side and a branching pattern (2+42) upper + (3+3) lower. This
loss of dne or two filaments occurred invariably in the upper branches
and in red;ed-pupae of both H. rendalense and H. nedr dogieli. Tﬁis
indicates that reduction t; 10 resp%;atory filaments is not species

.

specific in Hellichiella from Rendalen. However, cytological evidence

‘is.still required to show that the l10-filamented form is not another

-species, since each of the 38 larval carcasses of both specles whose

histoblasts were analysed had 12 filaments.

Thf cocoon of.about K4 ofuspeciméns; mainly‘gg.near dogieli,
derived from open bog seepages was less tightly woven,ﬁand the
anteromedialprojectionwas-incompletely formed;ub:?né less than half
its normal length. - |

The larvae of H. rendalense and ﬁ. near dogieli are
distinguished morphologically as last instars by the following

characters

1) The second antennal segmént in H. rendalense has five
annull, and that of H. near dogieli has four annuli; the length of the
first and second antennal segments of H. near dogieli is slighﬁly shorter
than the stalk of its head-fan; in H rendalense they are as long as

the stalk of its head fan. The differential number of annuli is the

main character_that distinguishes the mature larvae of Ehese two siblings.

These two specles cannot be separated with certainty-as immature larvae

-
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wicrotrichia which in some specimens may be missing, broken off.or

because the number of annuli varies from 2 to 4 in second to

penultimate instars.’

2) The suboesophageal ganglion is subrectangular in

" H. rendalense and subtriangular in H. near dogieli. This character

- difference is evident also in most younger instars.

"3) The thoracic gap between the bases of mature histbblasts
in H. rendalense is wide, ushally as wide as the length of its céﬁhalic
fan sfalk; in H. near dogieli this interhistoblast gap is narrow, the

A

width being smaller than.the length of'its CEphalic‘ﬁan stalk. )
4) The mature iarva of B. rendalense has generally a sliéhtly

larger head capsule and an average:of eight fewer rayé in:the primary -

cephalic fan than H. near dogieli. However, although these numerical

differences help to*ﬂistinguish the two populgtions,-they may not
- - !

‘always distinguish individual larvae. No differences are evi&ént among

s

the other measured chéractérs reported in Tables 5 and 6. The shape;
and number of mandibular serrations are variable in both species;
differences of two or three teeth are common, evén between the left and

right mandibles of the same larva. The n r of hypostomial setae is

. normally 3 pei: side, and the smallest posterior aet;a','resembles a

[

difficult to detect; however, hair sockets are present where setae are
broken off. A summary of the differences:between-;pese two specles is

given in Table 8. 4'

» H. rendalense, H. fallisi and H. near dogiell

The first two of these species were initially described

from females and distinguished, by characters outlined in Golini (1975).

In the présent study H. fallisi was get distinguished from the other

.

94
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two species by chtomosomal analysis of the larvae. The larvae theﬁ',_
were distinéuished from those of H. near dogieli were gonsidered to
belong to H. rendalense on evidence primarily of larval head capsules

in association with exuviae and reared adults whose females corresponded .

to this species (present study). However, among the reared adults of -,

B

H. tendalense, 30-5pécimens were distinguished by the 12 filamented

:'pupae whose respiratory filaments flared outward, contrasting with the

straight paraliel filaments of this species. Fourteen of.theseﬁreared

adults were females which wqfe identified as H. fallisi, based on the

low truncated cercus; in_g;frendalense the cercus is distinctly-‘long

“and tapering apically. The other sixteen were males nqt'distinguishable

" -

by;extern%} morphology fronthneeot E;_tendalense. The hypopygia
dissected from two of these males were not significantly different from
those of H. rendalemnse. Hence, H. fallisi is'distinguiehable frnm
gl_tendalense only in the female and pupa.‘ Furtner analysis is needed
of the'renaining foutteen.males in this groun of adults to ascertain :
their felationahip to the male of H. rendalense.

The‘pupae of H. fallisi and H. near dogieli have identical
branching-pattern.of respiratory filaments, and thus cannot be distinguished
b§ this cnaracter. ‘HOWEVEI, the adults of giifallisi'hage uniformly
dark regs, and in females the cercue.is low ann truncated; adhits of
Ih_neat dogieii have differentiflly piémented legs and the cereue,
glthough generally truncated apiceily, is longer and s oping ventrally.

It should be noted that the lew proportion of upae'and \
reared adults of H. fallisi we;‘probably aeseeiated with a corresBpndingly
low pfopottion of larvae of this species, thus precluding their sampling

for chromosome analysis. -In.addition, the large quantity of larvae

n
-
- .
— M

2

4



oo

fixed in relatively small volumes of Carnoy and kept unrefrigerated
in the field, reduced the quality of chromosome preparations below
optimal, especially of the 1980 collection. Further cytological

analysis of better fixed larvae may increase the probability of

" .detecting chromosomal differences between B. fallisi and the other two

species.

*

It is pertinent to note here that the close similarity of

these species invalidates the placement by Raastad (1979} of B. dogiell

and H. rendzlense in Cnephia (Greniera),and H. fallisi in synonymy

with E. meigeni in Eusimulium (Hellichiella). E. meigeni sensu_

Rubtsov (1971) is a misidentified entity (see this Chapter and Crosskey

pers. comm.), and thus has no relatiomship with H., fallisi.

~

H. dogieli and H. near dogieli

There wgs no opportunity in this study to analyse certified

specimens of H. dogieli. The apparent scarcity of this species )pas

contribnted to the difficulty of obtaining on loan specimens for study

'(Rubtaov 1969 in 1itt. ) The first description of the Species in

the genus Stegogterna, was reported by Rubtsov in 1956 who attributed
species authorship to Usova. Rubtsov's (1956) reference to Usova‘(lQSGj
in a journal not yet published at that time indicates Usova's intentionf
to publish her descriprion.iu‘1956; bnt.hrr formal‘publication of the
species, in the genus Hellichia _ was delayed nntil 1959'(see below).

This created the condition which according to the International Code

of Zoological Nomenclature, 1960, relating to priority of first date of

publication, gives Rubqsov and not Usova authorship for the species
description. Hence, references to Usova &s author of H. dogieli should

be amended, supported by R.W. Crosskey (in 1itt, 1982), as shown below.

[
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Hellichiella dogieli (Rubtsov, 1956)

Stegopterna dogieli Rubtsov;; 1956, Fauna SS5SR 6 (6) -z 841-843.
(In Russlan: specific name attributed t6 UsoVa with citation
) Iz

of non-existent reference.)

Hellichia dogieli (Rubtsov, 1956): Usova, 1959, Trudy karel. 'Fil. Akad.

Nauk SSSR 14 : 110-113. | (In Russian: species purportedly
e .

new, Rubtsov 1956 not cited.) T -

e

Eusimulium dogieli (Rubtsov, 1956): Usova, 1961 Blackflies of Karelia

~  and Murmansk region : 80-84. (In Russian: species attributed

in error to Usova 1958 (sic.). )

v A *
Eusimulium dogieli (Rubstov, 1956): Rubtsov, 1962, Fliegen palHarkt.
Reg. 14 : 281-282. (In German: name.jincorrectlysattributed
“to Usova with incorrect 1957 (sic) reference "Arb. Karel.

Fil. Aks Wiss. USSR. 13 :" uncompleted and different from that
A Y ) . .
of‘Rubtsov 1956 : 841}y
" k.
Grenilers dogleli (Rubtso;, 1956): Rubtsov, 1963, Fliegen palfarkt.~

Reg. 14 : 591. (In Gemman: species name incorrectly attributed

to Usova without date.. - Indiéation-puh}ished that same species

r\agwaa formerly assigned to either Stegopterna or Eusimuldum.)
I -

Eusimulium dogieIi‘(Rubtsqv,‘l956):‘ Uao@a, 1964, Blackflies of Karelia
and Murmansk region : 77-83. (In English: TIPST translati’n
of Usova, 1961, from the Russian. Species attributed in
error to Usova- 1958 (gig).)

8 »
. .

There is no mention of aholoMype of H. dogieli by edither .

Rubtsov (1956) or Usova (1959, in }#61). Rubtsov (1956) gives only a

v

1

.-
’
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verbal descgiption of the species, End 1t is different fr;m that of
l'Usova:(l959/196l). The larva by Rubtsov has the prigary head fan‘with
~ 48 rays-and!simple rectal gills; Usova reports 60 rays d'tompouod«
"gills". The branching'pertern of the 12 puypal filaments shown by
Usova (1961) 1s wide and flaring,rsimilar to that ofﬁg; near:dogieli;“
wﬁile_thac of Rubtsov (1956; 1962) is parallel, with filaments pointing
forw;rd in one direction, as that of‘g; reodalense. lhe descriptions
of this species as reported by.rhese rwo authors are coqparec in text
Figs. 4a and-éb. . - ek oo ! 1 !
| The variation in number of'flagellomeres in adclts of H near
3 "
H. dogieli. Usova (1961) shows ‘the antenna-.of H. dogieli with lo‘oegments,
and Rubtsov (1953 ;h§;1959—642, referring to Usova, reports H. dogieli '
also vith 10 antennal segmenrs. This'ﬁariazifTrnmy have led him to

] L

transfer this species from Eusimulium to Greniera (Rubtaov 1959-64, pp 281

l reported by Rubtsov (1956£ 1962}’is in the branching pattern of the pupal.

. : £, .
filaments. The differences between H. near dogieli-and the more similar

.

entity reoorted by Usova (1961) are sumariz"é‘d in Table 8.
3
This evidence indicates that H dogieli (Usova) is a different -

entity and thus a junior homonym of g;_dogieli (Rubtsov). This ﬁould'

-

give H. near dogieli new species status on morphological evidence alone.

However, “further study would be desirable by compariﬁg specimens from )
L4

S _ the present study ‘with, the original specimens from which H. dogieli was

ERN

.described, and by collecting additional material for cytological and

mdrphological analysis over a wide area of Scandinavia and ‘U.$.5.R.

98

dogieli and H rendalense, as noted iu this section, may alsc occur in o

and 591). Th%;only obvioug:similarity beCUeen H. rendalense and H. dogieli
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H. dogieli x;:as intially described frcrm. material coliécted
in Murmansk, U.S5.S5.R. It.has_bQEn reported also from polar Urals and
middle Ob River basin (P'at:rusi'\eva 1962, 197e¥," f;:om norti'lefn Finland
(Kuusela 1971) based on only one exuvia and from Norway (Raasl;ad and
Davies 1977) based on one exuvia from Rendalen and two exuviae from
Tynset, ‘Chubareva\and Petrova (1979) reported only the karyotypékof

{g; dogieli (placed in Greniera) from U.5.5.R., withouéPéiving details
on the chromosom; banding pattern nor ;n its dist*ibution. ﬁ;wever, .
the uncertain identity of this species and the aimilarity of most séages
witﬁi; this'species co;plex sheds doubt on the corrhét identifigftionsb p
of these records. Raastad (1979) ﬁlacgmentﬂqf H. rendalense in probable
synonymy with H. dogieli is mere épecu%:t;;n since he &1d not analyse
any specimens of either species, According to the present study, H.
near dégiéli-is morphologically the spagies clqger to H. dogieli (as

: /o2
defined by Usova, i959) not H. rendalense.
- - H. latipes and H. yerburyi. -

Edwards (1920) deé%;ibed EL_zerSugxi from a2 single female
and ésépciated exuvié with 8 filaments, branchihg (242)74+-(24+2). This
female had thgee lines of brownish hairs on the scutum, contrasting "

“with the yéilowiah hairs on the general scutgm surface. Although he
distinguished this speices from H. latipes khis_g; Bubexcipum) by tﬁe.‘f“
. above characters;'Edwards_(1?20,.;939) continued to doubt the distinctive-
ness of H. 'x‘erbugzi‘. In addition, Grenier (1953) questioned the validity
of H. yerburyi based on pupae with 7, 8 and 9 filaments from a temporary

stream in Franée. He. considered these to be varliants of pupge of :

H. latfﬁéé {his subexcisum), L. Davies (1966) re-examined the type

* not seen in the origina

3
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. uniformly covered with. silvery to yellowish quFscence I tend to agree

~100

material of H., yerburyi at the British Museum (N. H.), and his observations

o .
(pp. 453-454) agree with ? of August 1980 on the same material; the

-~

-

holotype female and~essoc ated pupal skin have features as described

by Edwards (1920) and suggest that H. yerburyil deserves specieé status.
! However, according to L. Davies (1966) and R.W. Crosskey
(pers. comm.), the status of H. zerbugxi in Britain remains doubtful,

mainly because it lacks a male with recognizable differences from that
QE,&: 1atige; and alse Because they have been unable to find any
specimens ln Britain with the scutal hair pattern of the zerbug&i
hologype.erh 1962-63 L.tpavies anle.W. Dunbef.collected éﬁZ Helllchiella:
pupae from the type locality stream of H. xerbugii at Knebwoxth Woode,
Herts.; 95 adultslreared from éﬂese pupae were all typical H. 1atigee"
(L. ﬁavieg\lgﬁﬁ). 'Subaeqaently, R.W. Crosskey made a -series of . s

) . .

collec;ions between March and April 1977 from. south-east England, in )

an&.aﬁﬁsnd the type locality of H. yérburyi (pers. comm.¥. The -

"Helliclijella pupae and efﬁviee of this collection included 42 'specimens”
3 .

with 6 filaments/side with the typical branching pattein 2 + (242) of -

H. latipes, and 102 with variable branching patterna'iﬁ several combiﬁations
of the 6 and 8 and 10 filsmented.forms. I have re—analysed this material

and found, as did Crosskey (in litt 1980), that the variable branching ’
“of pupal gills include the following patterns 24 (243), 2 + (3+3),

(2+2) + (2+3), (2+1) + (3+3), CZ+2) + (3+3) and {2+2) + (242); often d fferent
branching on either iside of thetpupa. "I have analysed also 10 to 15

r‘

pinned reared adults associatEd with these collections- the ‘scutudh is

with Crosskey's conclusion that they are eesentially g; latipes. Based

-
t .
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on the variable .number of filaments from tﬁi?’coliection it would te

filaments. All the extra~branches in o
the distal half or very close to the

_ -
tip of the main filament, and thus would he considered adventitious or

. =

supranumerery‘ﬁilaments of the basic type 2 + (24+2). The Carnoy~- .

- hLN

preserved 1arva, from the. Dorset sample, determined to be close to “

N %

- xerbngxi and‘ whose chromosome banding patter;n was found indistinguishable
from that of H. latiges (see Chapter l);““’also had this basic type of

branching. The matur,e histoblasts in this larva had two short filaments

. -

Ly

"very near the..tip of the main upper two filaments,. and thus could be °

_considered a variant of H. latipes. : e -

4
A hd

- The above evidence, xbasedb essentially on number and‘.branching

pattern of pupal filaments, tends to disprove the status of H. yerburyi _

n

However, there are no rei: 5 of detailled studies

e ,-A

pécies from the type locality. Rub't"sov

as a valid species.
-

L.

U.S.S.R. ~Also, Patrusheva 971) reports this species from South Yamal,

-

U.5.5.R.; she describes the e and female rearéd from three pupae,

- ]

'collected' together with 19 exuv a second order stTean, 28-VII-1968.

v

Although the female Hypopygmm is -typica.l-of Hellic.hiella, she does not

Bl

mention the distinguishing features of the scutal hair colour nor does.

.
she compare the species with E:. latipes. Tﬁe,brenching pattern of these

Y -

pupae from U.S.S.R. is identical with that of the zerbugi holotype;

4 2

-

Ll

the upper and lower four f:Llaments bifurcate in, pairs f a secondary ’
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trunk wiich is 2-3 times the length of the basal primary trunk. Thus
-each palr of filaments bifurcates trom a well-defined secondary trunmk;

in pupae with'edventitious filaments this trunk is not distinguishee‘from
the primary filament.. Thelsignificant character of this male is its e
rectangular—shaped ventral plate which i—s three times longer than wide.
This type of ventral" plate is apparently different from the narrower -
and tapering ventral plate of B. latiges shown by Rubtsov (1959-64,

Fig. 1;2). However, L. Davies (1966) shows the ventral plate of
g;:latiges (his subexcieum) to be broadly'subrectangular,-more like

that of H. verburyl shown by Rubtsov. These differences should be
interpreted by understanding that the apparent shdpe of the ventral

p}gte may change depending on its orientation, as shown in the present.

-study. Davies (1966) also states that the second segment of the larval

o b

antenna of H. latipes has 4 annuli, while Rubtsov (1959-64) shows 6

annuli which corresponds with Edward's (1920) report, and my own

-

-.observations of 5-6 annuli in mature larvae 'of this species from

southern England. Additional larvae with histoblast filaments like
those of H. yerburyi from Britain should be analyse&.cytologically;
or electropﬁeretically,‘to determine definitely the relétienship of
thig;species with‘gé latipes. o

H. latipes and H. gaccai
Q.

In hia.description of saccal, Rivosecchi (1967) recognized

tﬁe close relationship of this epégies with H. latipes (his subexcisum)

and delineated the morphoiogical differences dist;ngniehing them. His
diagnosis of these .two species generally agree with my comparison of

the morphological characters of larvae, before and after chromoscme
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. shown by Rivosecchi (1967). This character inlg; saccai has been

analysie, pupae‘aad auuits of these two species. The differences
separatinéthemaxe summarized in Table 10. According to.L. Davies
(1966) the second segment of the larval antenna of‘gi latiges:has

four annuli, but in mature larvae of this species I have counted 5

to 6 (18 larvae analysed) which aérees with the nine-segmented antenna
reported by Edwards (l920). H. saccal also has 6, occasionally 7,
annuli on the larval antemma (38 larvae analysed) whiou, towever, .
oifferekfrom that of H. latipes by the; ightly longer segment I
relative\tgfeegmeut IiI. The number of rays of the priﬁary eephalic
fan in the two species have a different modal distribution, with a mean
of 52 rays (47-56; 5 mature larvae;Ln H. latipes and 60 rays (58-65; 5
mature larvae) iu H. saccal. - e

A previously unreported character.inlg; 1atig€§'consists

of its primary rays haviug uniformly short setae along their length, as

have groups of 10-12 short setae alternating\with a longer seta, as

)

redrawn incorrectly in Rivoeecchi, 1978 (Fig. Ill, #11), i.e. the short

setae, between the widely-spaced 1ong ones, have been left ocut. However, -

the larvae of both species have simple three-lobed anal "gills" and both

probably overwinter as larvae. Mature larvae“ of both species occur -

ﬂ

"in March, and Crosskey (pers comm.} has found H latiges 1arvae even

"in December. These contraat with H. rendalense and H. near do 1eli larvae,
e B

both of which have compound anal "gills" and overwinfer as eggs.

e .
Also previously unreported in the pupa of H. latipes is a /

longitudinal medial line .of more thickly woven silk extenuing.from the

baae_to'the tip ‘of the anterior projection of the cocoon. Thls mid line-

- ) "
T ' o T . *

103 °

‘observed in larvae from Knebworth, Herts.; in contrast, those of H. saccai”

-

]
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stands in contrast with the loosely woven surface of the projection,

and i; visiﬁle in most clean pupae from southern England. The anterior
projection is also 1/3 to 1/4 shorter thae‘the dorsal filaments. In

E; saceai the aeterior projection'is loosely woven (analysed 6 exuviae,
frpgﬂLazio, Italy: collected III-1967 by L. Rivosecchi), being thicker
only-along the edges, as in latipes, its tip is usually forked and its
length is equal to that of the dorsal filaﬁents. The <cocoons: of these
two species also have a discrete difference in surface texture which is
more clearly discernable when thex are placed beside'each other. Im-

H. latipes the silk threads of the cocooé‘e;eend generally longitudinally
and are plainly interwoveﬁ‘with oblique threads; -in ﬁ; saccdl the general
surface texture of the cocoon has a more definite and compact ehain—

link or honey comb-like pattern, with fewer oblique threads.

In males; the ventral plate of H. latipes 1s geﬁerally broader .

104

(analysed 4 reared males. from Dorset, England collected by J. .A. Bass III—1982),

in H. Baceai it has a-more tapering and recurved margin (analysed 1 reared

mﬁie,from Lazio, Italy, collected by L. Rivosecchi IT1-1967). The median

3

"sclerite’ also has a different shape in the‘two species, as shown by'

-.L. Davies (1966) and Rivosecchi (1967, 1978). In females, the scutum qf

H.(latiqgs has uﬁiformly silvery to yellowish pubescence' in - H. saccai

" the scutuq‘l!s three longitudinal stripes of silvery hairs over a darher

background. The adults of H. latipes have uniformly dark~brown legs;

those of H. saccat are variegated dark-brown and yellow colour. =

Rivosecchi (1967) was aware of the similarity of the scutal

-

pattern of H. sac'cai with that of H. yerburyi, but he distinguished

0 .-

them by referring to L. Davies (1966) who reported three brown stripes .
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: on a light background on the\scutum of H. yerburyi, while in H. saccai
this colour pattern is reversed: Rivosecchi (1967) also referred to
the broad ventral plate'of H. yerburyi shown by Rubtsov (1959;64),
being 1/3 as long as it is wide, compared to the rntio 2/3 for that of
H. saccai. Furthermore, the branching pattern (242) + (3+3) of the 10
pupal.filaments of‘g;.saccai is considered by Riveosecchi (1967) to be
a distinguishing character for this-species. He cgnsidered,Jin referenc;
-to Gfenigr (1953),;£hat the'variability in the number of‘filamenns
in H. latipes from 6 to 9 does not apply, to H. saccal whose original
43 pupae had all the same number and- branchi&pattern of filaments. | i
It is notable that among the 102 H. 1atipes pupae with

. supranumerary‘\J/Fments collected from southern England by Crosskey

(sée section-ngove), 5 had the branching pattern of H. saccdi. The

surface of these cocooms was not nnnlysed closely becayse of the fine
. .clay particles covering then, but sone surfnce areas og the 10-filamented
| forms showed 2 texture similar to that of H. saccai-a aescribnd above.
This indicates:that the populatinn from England'gen ally recognizéﬁ
- | as H. latipes may include H. sacé _ Ih small proppftion, less than 52;
aqnording to Crosskey's collecnion. Indegd, the fringe of distribuiinn
of H. saccai, £hua‘far known nnly'from itsltype iocality (Lazio proyincé,
- ' ._ Italyj,‘may extnnd to north-central Euzope nhere it might oncur |

. - !
. - sympatrically with H. latipes. . In the region of overlap, thése two

' //‘“’/species may pantially hybridize and pro&une intermediate forms.fenngnizable
ffam pupae Vinh'numbe; of filaménts>varying hétween 6 and 10. Thus,. . |
-H. yerburyi may be an unstable hybrid occurring in low frequency where

the two parent.snecies hybridize. Onher closely related species of .

simuliids are known to hybridlzé‘and produce viable and fertide Fj progeny
{ o
. 5'.4 - . ' LJ . N - .
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in regions where their ranges overlap (Rothfels and Nambiar 1982).
More extensive collectin%/ﬁL bo§/ﬁ;;i;Zts in Europe should clarify
this problem by deterpining the’ distrﬁ ution of these species and the
frequency of probable intermediate forms in’overlapping regione.

H. congareenarum and H. anatinum

These two species were initially treated as one entity under

the name congareengrum, although it was considered a complex (Davies

et al. 1962). One member of this complex was described under the name

enatinum (Wood. 1963). The differences between these two entities were

[

appreciated by both Wood (19633; b) and Dunbar (1962, 1967) whe worked

in collaboration, one on morphological features and the other on the

'
h

‘distinétion in chromosome banding pettern between them. This is one of

L '

tj;‘ first cases in taxondmoy of simuliids in which the two disciplines
cytology and morphology were employed_simultaneously’and successfully
to distinguish two sibling species. The morphological differences

.distinguishing these two species are now compared and summarized in

- -

Table 11.

-

The larvae are distinguished by the number of annuli on the

second segment of the antenna, being four in H. congareenarum and five

to seven (usually six) in g; ahatinum (Wood et al,’ 1963; present study).

‘e

.Tﬁe length of first and second antennal segnents,combined, coﬁpared to?

the stalk of the eephalic.fen, .is equal or slightly longer in H. anatinum

- and = shorter in H. congdreenarum, The fainter head spot pattern in

4=

) H. congareenartm from Ontario reported by Wood et al. (1963) 1s not like .

-

the darker pattern of larvae-from Delaware (based on 12 last iustar
larvae, collected by R,W.‘Lake,'1982) and Georgia ‘(10 mature larvae,
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collected by P.E. Catts, 1979) which have a similar dark pattern as in
H. anatinum. Another distinguishing larval character that has not

been reported before is the shape of the anal '"gills". In H. congareenarum

from New York (Jamnback and Stbne 1957), Delaware, Georgia- (present

study) and presumably all southeastern states, the"gills"are simple

tﬁreé finger-like lobes; in H. anatinum from Churchill, Manitoba (3 iarvée,
collected by.R.W. Dunbar 1959), Quebec (BIlarvae from James Bay, collected
by D.M. Wood 1977) and southern Ontario (11 larvae, author's collectio#
1980), th;"gills“are compoggd, 1.£. the three major lobés are. each
subdivided into 10-12 sialler.lobgs. This character holds true also for_
young and last instars. Another unreported character, whicﬂ—/hawever
does not distinguish these two speciés, is the number of primary cephalic

.

fan rays. Mature larvae of_g; congareenarum from Delaware have 52-62‘

rays (average 56, n=8); mature larvae of H. ansatinum from.soutﬁern Ontario

| -’”;__,dand Québec have 48-59 rays (average 55, n=1l). The setae on the primary

rays in both species consist of series of 10-12 sBhort setae alternating
-with one longer seta.
The pupae of these two specles were not distinguished until

the difference in their branching pattern was detected-in the present .

study. In‘EQ congareenarum (N.Y., Jamback and Stone’ 1957, and South
Carolina) the‘twelve filaments are str&ight-and parallel pointing in

»

one direction in front of the pupi'kanalysed 9 reared adults from Sourh_
Carclina, collgcred IT1-1960 by D.M. Wood). Each of the upper and‘
‘léwer major petioles is abort 2;3 times the length of the basal common
truhk‘froﬁ which tﬁeylbiqurate at about 50°—60°.anglé. Each of these
two petiolesbifurcateslagain at aﬁout 30°-40° angle; producing four

secondary pé@ﬂpleé.each_of which give rise to three filaments, resulﬁing

C A
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in the branching pattern (3+3) + (3+3). 1In H. anatinum the twelve
filaments flare out, pointiﬁg generally in all directions within a 180°

angle in front of the pupa, with some filaments recurving back over the

pupa (analysed 3 reared specimens from Algonquin Park, Ontario and 25

exuviae and larvae from Sakami, James Bay, Quebec, D.M. Wood collection

. 3-VI-1977). 1In this species the primary basal two petioles are missing,

and the four secondary petioles {primary for this species) diverge

108

directly from the'commou basal stalk into two upper and. two. lower branches.

These four petioles, bifurcate at nearly similar 60°-70° angles, each
giving rise to three filaments, reSultingEie the branching pattern (3+3) +
(3+3).

The adults are distinguished by leg pigmentation. 1In

E. congareenarum from the Bruce Peninsula, Ontario, as in those from South

Carolina, the legs are variegated in colour, i.e. the coxatof fore legs

+

are light yellow -the others slightly darker‘ the other leg segments are
light yellow except at the joints of distal end of femora, distal and
proximal ends of tibiae and tarsiwhich are dark-brown. In H. anatinum

)

the legs are uniforﬁly dark-Brgwn. Females have distinctive frons; in

. o
H. congareenarum it is wider and the sides are almost parallel, the

narroweer point at the base is twice the width of the antennal pedicel;

{
in H. anatinum it is ‘narrow and the sides taper downward the narrowest
point at‘the base is as wide as the antennal .pedicel. Considering reared

females of both species, the clypeus of H. congareenarum has a much

2

denser white pollinosity and silvery hairs; in H. anatinum “the white
pollinosity is nearly absent and the sparser silvery ‘hairs have a coppery
tinge over a darker grey clypeus surface. The tarsal claw in females

of H. congareenarum is smaller, being about 1/3-1/2 the length of last™

Y
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tarsal segment, and has a relatively small subbasal tooth which iq\l/Z
or slightly shorter than the claw In anatinum the tarsal claw is

larger, being 1/2 or slightly longer than the last tarsal segment, and

has a large subbasal tooth which is 1/2 or slightly longer than the eclaw.

The hair tuft on base of the radius in females of H. congareenarum i

‘usually silvery, about 80% frequency (n=10), in some specimens being

coppery with some silvery hairs; - in H. anatinum it is usually coppery,

about -80% frequency (n=10), in some specimens being silvery. In both

o

species the VII and VIII sternites of females are sclerotized, and the

cerci are long and tapering. , *

-

. In the male of H. congareenarum the lip of the ventral plate
L,

'is significantly recurved, projecting at 90° angle with the vertical

axis of the plate in side view;.this gives the plate a broad rectangulagp

shape when viewed hdrizontally, its width length belng 3:1 (as shown

by Jammback and Stohe 1957 ard Stone '1964). In H. apdtinum the 1ip of"

- the ventral plate .is ‘almost straight, forming a nearly 30° angle with

\ "

the vertitallaxis, herice’ the plateacduires a triangular shape when

a

viewed hordzontally (as Shown by Wood 1963).

It should be noted that H. ‘tongareenarum from the edstern U S.A. -

",
(see Zoogeography section) includes the popul&tion from the type of .,
1ocality of South Carolina This apecies was originallyfﬁescribed only
4
from females derived from Congaree, S C. {Dyar and Shannon 1927), and

the ofiier stages were not described until thirty years 1ater (Jamnback

and Stone€’ 7). On chromosomal‘evidence, Dunbar (1962, 196J)

"distinguished the steﬁdard H. congareenarum from South Carolina from

the H. congareenarum 'b' from the Bruce Peninsula, Ontario. However,

i

new evidence (see Part 1) indfcates that* 'b’ 1s a variant occuring at

-
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the extremes of the”same Population. Nonetheless, the description .

of H. congareenarum from Ontario was derived from the. Bruce Peninsula

collection (Davies et al. 1962, Wood et al. 1§63); hence, it applies

to the Ontario population distinguished by Dunbar (1967). One cbvious
morphological difference between the southeastern and Ontario populations
is that the pupae from the Bruce @nalysed 42 exuviae with reared adults,

coll. 18-VI-1959) have the branching pattern identical with that of

. H. anatinum; therefore, they are distinguished from those of the south-

eastern population but not from those of H. anatinum. The ventral plate

of the male of H. congareénarum from Ontario has a significantly shorter

i

recurved lip, in side view, :?ojecting from the verticalyaxis by about
' y L
two tines the thickness of tWe arms, Hence, horizontally the plate

has a trapezoidal shape, tapering distally, its width: 1ength being 3:2.

o

The parameral teeth consist of 3 long and 4 short spihes. 1In H. congareenarum

R

4

from New York .and Connecticut (Jammback 2nd Stone 1957 Stone 1964) the
Y 1

lip of the ventral plate has a longer curvature in side view projecting

“, .

from the vertical axis by about four timea'the thickness of the arms.

. Hence, horizontally the plate has a rectangular shape, ite width:length

. L

' being 3:1. The parameral teeth consist of 3 long:and 8 ahort spineaz '

a, i

Also iéZ:: notablekthat H. coggareena from the southeaatern

states overwintera as\larvae {(Jamnback and Stone 1957) which have aimple.
rectal "gills" (a correlation found alsgo with H. latipes and H. saccai)

The femalea of this species from Alabama and other southern states are

..

known to feed on turkeys’(Stone and Snoddy 1969). “In New York, Long

Island, its larvae vere found in a sluggish stregm draining a pond with

B

ducks (Jamnback and Stieme 1957), and these birds uereigoat‘likely hosts

of the-adult flies. In Ontarjio the adults offfhis species-hay also feed

¥
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on ducks, as do females of its closest relative H. anatinum (Bennett .

1960; Fallis and Bennet111960). Thus the southern and northern form of

g; congareenarum may be'adapted to seek and bite different hosts. If

H. conpareenarum from Ontarioc is found to overwinter in the egg stage

and to have 1arvae with compound anal gills, as in H. anatinum, this would
provide additional ewidence indicating that the IIIL-6 7 form of Dunbar

is taxonomically different from the southeastern H. congareenarum.

H. congareenarum, H. innocens 4nd K. saccai

v -

H. congareenarum and H. innocens are almost indistinguishable

in the larval sta except for the diffeiencihin'humber of respiratory

. he ///_,_SBT‘\\¥ \
\*—"Ezlefigsg_detectable only in mature histoblasts. Mature larvae of

E;'ihnocens have four annuli on the second anteﬁnae-segment, occasionally
: only thfee annuli are: discernible. Ie both species the length of the
first and second Tarval antennal segments are shorter than the head fan
stalL The number. of rays in the primary head fan of H. innocens is _
about 56 (43—60), as counted in 13 mature larvae from Huntsville and /r’/ :
D;ndah Odtario and MicHigan (the latter collection by I. B Tarshis, V—1969),

and 44 (42—46), as counted in 5 mature paratype larvae from Bell's Corners,

Ontario (Shewell's 1950 collection, BRI) These numbers are not significantly .

different from those of H. congareenarum (see above).“

Most of the 43 exaq}ned larvae of H. innocens had the normal
: square, shallow, postgenal cleft with a straight’anterior margin; only 8

) - - J ' L
larvae had a small notch on the anterior margin, as shown in Wood.ga.gl.

(1963). Hence this character may not always distinguish this speciesg )
. ¥ - ’. ) ‘\
from H. congareenarum. Also both these species have simple*three-lobed

.

rectal "gllls", a charactér previously unreported for H. innocens.

- ‘
\\\ . 111

1
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The pupa of H. innocens hs:\lgzrespiretory f;laments, brariching
2+2) + (3+3) as described by Shewell (1952), andis Ehus d{stinguished
. \ J _ |

from the Y2-filamented pupa of H. esggggeenarum.

The adults of H. innocens are uniformly black or'dark—brown,
. — .
and the frons in females is parallel and narrower than the basal width

of the antenna. The adults of H. congareenamum have differentially

e‘variegated dark~brown and yellowish legs, and the froms in females is wider

3

and expanding toward the vertex. -

The 1arvae\9f H. innocens and H. saccai differ by the number
of annuli on the second antennal segment and numbeerf rays of the
priﬁary head fsn (see above). The larvae of both species have simple
three-lobed rectal "gills" which are wieer apically in H. saccai. The
pupae have the same number of 10 respiratory filaments, and similar

.-

branching (242) + (3+3) in both species; however, in H. seccai the

dorsal primary petiole diverges from the two lower ones by a wide angle
of 90° to 100 (analysed in 6 exuviae from Lazio, Italy), whereas :!.n‘r

-H. innocens this angle is smaller, being about 50o to 60 (analysed in 35
exuviae with reared adults from Kaladar, Ontario, og}lected 22-V-1961

by D.M. Davies and D.M. Wood). ‘

A

The adults of H. saccai have differentially variegated derk—

which have uniformly dark—brown legs. In females of both T

pec?es\ﬁhe genital-fork is indistinguishable, but the cerci pf H. saccai

~

are shorter and sloping ventrally, compared to the longer and tapering

-~
,

cercl of H. innocens.

-
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EL,minus-Dyar & Shannon \\\_,, o

This species is known to occur in western North America (see

’;,,_,_m__,zoogeography section) and has apparently a variable number of pupal

r

filaments. In 1981 I Znalysed three female paratypes of this species

. at the Blosystematic Research Institute, Ottawa, where they were on

"loan from the USNM. The external characters of these three females are -

similar to those of adults reared from Hellichiella pupae collected by

A~y

G.C. & D.M. Wood in May ‘1964 from Kaslo British Columbia. This .
collection of more than 40 reared specimens from B.C. contains two forms
of pPupae; a 6-£ilamented pupa with branching pattern 2 + (2+42) fsimilar
to H. latipes) and and B—filamented Pupa with branching pattern not quite
li)e that of\H* zerburxi. The branching- pattern of the B-filamented
form consists of three equally short primary petioles which branch at

-

about 30° from each other in a verticalplanea.short distance from the

common trunk. The upper and lower petioles each bifurcates in a horizonta.'

plane into two equally long filaments, the middle petiole bifurcates An

a horizontal plane into two equally long secondary petioles, each of which
bifurcates horizontally into two equally long filaments.\ The resulting
branching pattern is 2 + (2+2) + 23 based on 5 reared male with ‘exuviae

" from Butterfly Lake outlet, Utah VII-1963 9 reared;\,les from Rabbit - .
East Pass, Colorado, 30-VI-63, and one reared male from Kamloops B.C.
13-16~V~1963, all collect\d\by G.C. & D.M. Wood and depoaited at the
BRI, Ottawa...The adults reared from these forms of pupae have similar
external characters and are distinct from H.,excisum whose pupa is also
6-filamented but the female has a significantly wider fro;s than that

of H. minus. However, these adults appear to be closer to H. innocens -
~= U5 . 2. thnocens

. . *

Shewell andlgL anatiaum ﬁood, both of which have been'reported from
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" British Columbia (see Distribution section). Furthermore, it is not known

which of these two forms of pupae belongs to the truelg; minus, since the \
* - — ] . % “

species was initially described only from females, and there are no

pupae, exuviae or males aeeociated with the original collection from —

. -

Yosemite, California, the type locality.ofhtﬁe species (Dyar and Shanndn

1927). o B

This specieé has been reported from British Columbia by Hearle: -
! 5 ’

-

(1932) who rearea series of males of Both’oexes from pupae collected'In

a shallow, sluggish etream fiooing from a beaver dam, at Lone Butr,. |

Cariboo diéé&ict. Ihe pupae had 8 filameote,'but withuorEnching oattern
- apparently unliké'tﬁat'of Wood's collegtfon.. HoweVer.‘identificetion of
- ‘Hearle's material as H. minus remains in doubt’ until specimens of his L
"collections are reanalysed Also,.Stone (1952) reports H. minus from ~
"College Alaska, based on males and females collected in considerable -

number from an emergence ,trap; no adults were reared from pupae, nor T -

did he find pupae correspondiug to Hearle s (1932) description. Stone's
. _ Lt i -

- | ) ‘ " i ' -
This problem of H. minus is apparently similar to that-of

collection should also be reanalysed

- H. latipes in relation to H. yerburyi and H. saccai (see above). ~ L

Comparative stﬁdies of chromosomes'banding‘pat;ern of Western North

- - - ; ! )
America Hellichiella species associated with morphological studies may
E ‘ ' ] ‘help to resolve the identity of H. minus. ) S

‘ Conclusion ) B

-

o Evidence presented in.this seé}ion shows that species of

. ' Hellichiella from both Europe and North American are very 'similar

e mworphologically. Reliable identifaction is best made by considering all

L3
s
:
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S

stages of a given ébecieqjand their collection locality. H. rivuli and

H. excisum are two sister species which have not been treated in this

stud§ in detail. The larvae are almost, indistinguishable from each -

-

other, except as mature last instars whose histoblast show four filaments/

-

side in-rivuli and six in excisum. Larvae of botﬁ species lack annuli
qP the second antennal segment, thus they are distinguished from:those : -

]

of the other spgcies. Furéhermore, other species from Eurasia)} such’
as E. acutum Patrusheva, 1971 ana‘gL barabensis Rubtgov, 1973 and the

¥ ‘ - :
autogenous specles E. crassum Rubtsov and E. baffin

se Twinn are o x

-

tentatiﬁely placed in Hellichiella, but their affinit to specles of .

this taxon and those of Parﬁhellichiella 'gén. n. temains to be determined.
. . )

A sumﬁary of species differences and similarities based on pupal

respiratory filaments is given in Table 12.
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. Table 8. Morphological difﬁgrences betﬁeen_EL réndalensé‘and

H. near dogieli.

> rendalense 7 near dogieli
. : _ Larva
: " antenna , .
nucber of annuli . - 5 4
. l1st + 2nd segments " equal to stalk _ shorter than stalk
. N ' of headmfan . of head fan
: number of rays . / 66 74
8 - on cephalic fan : '(60=75) B (60=-85)
subesophageal ganglion - sybrectangular subtriangular '
- infrahistoblast gap - - wide " P narrow .
Pupa ) .
N filaments : o pointing forward, flaring out
; . parallel - SR "o
; Adults : : _ : N
7 : legs . uftiformly dark-brown © differentially
" "L e . ' pigmented light yellow
; N ‘ - ) and dark-brown
; - .. scutellum ) . dark-brown . - light to dark yeilow
; o d’basist?le ) ' dark-brown B light &ellpﬁ medially,
~ o - , _ o + dark-brown edges
. 3‘ M ventral 'plate ‘ - lip recurved T 11? .Btraight
| ~ 3 ' .
Q. sternite VII : sclerotized not sclerptized \h//
SR - ViIl sclerotized sclerotized
- genital fork stem' uniformly thin . expanded distal tip
* cerci ’ ¢ long, tapering truncated, sloping _
T ' : . ventrally
2, . \ “ . ' . . _— - . »
e 1 ‘--/i

L —— SRR e s
i
-
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Table 9. Morphological differences between H. dogieli (Ussova 1961,

pp. 77-80) and H. near dogieli (present study).

Larva
number of rays

. cephalic fan

postgenal cleft

PuEa .
filaments

‘anteromedial projection

Adults
scutum

scutellum

———

hind metatarsus

.g genital fork stem

_0’parémgra1 teeth

P

sternite VII
VIII

~

stistyle

dogieli

‘63

(61-71)

rectangular -
longer than wide

[

flared (Usova51961L
straight (Rubtsov
1959-64)

1/3-1/4 densly.woven

golden pubeéceﬁce

dark-brown
golden hairs

_ arcuate

uniformly thin

1.
?

-
-

.3 longw; 3 short

L
? uniform colour

-

near dogieli

74

(60-85)

almost square
flared

2/3 deﬁsly-woven

gllvery pubescence

pale to dark yellow
silvery hairs

pgrallel .

" expanded distal tip

not sclerotized
eclerotized_

4 long + 4 short

pale yellow medislly,

dark-brown edges

2

wider than loné%‘/-‘
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. Table 10. Morphological differences between H. latipes and H. saccai -
latipes saccal
Larva '
antenna ) .
segment I length equal to III < longer than III
hypostomial setae ‘bifid tip simple tip
rays of cephalic fan 52 ) - 60
(47-56) Y (58-65)

cephalic apotome
anterolateral spots

posterolateral spots
posterior margin

mandibular
serrations teeth

PuEﬁ .
filaments

branching

cocoon woven pattern

anterior projection

i

Adults
legs

Q scutum

A

/h__,/ff ventral plate

median sclerite

with uniformly
short setae

2 + cgﬁb)l

longitudinal &
diagonal, loose

: .
ca. 1/4 shorter
than /upper filsments;
with' a long mid line
of thicker woven silk

-

uniformly dark-browm

uniformly covered
with silvery to
yellowish hairs-

rectangular to

triangular and
straight 1ip

X

b
/
i

[ (242) + (343)

with series of short &
~alternating long setae

3 I
1 - !
: infhécated
/ J .
8;9 ,"J
f/' o
f ¢
/10

!
/

chain-links,
compact &,

not longer than

uppér. filaments; .

.simple, often with
_ bifid tip S

s ¢ ‘ /S
segments paler
medially than at
extremities

7

3 stripes of

. silvery hairs over

a darker background
triangular wi;h;

tapering and -
recurved lip

N
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' Table 11. Morphological differences between H. congareenarum D. & S.
and H. apatinum.
% : | congareenarum anatinum
f " Larva .
antenna
;, number of annuli 4 5-6
/) lst + 2nd segments shorter than stalk longer than stalk
of head fan of head fan
A rectal "gills" . simple three lobed compound multilobed
Pupa ‘ :
filaments parallel, flaring out
pointing forward
Adults - : .
* legs differentially . uniformly.
/ ) ¢ ’ variegated yellow and dark-brown
. [ ; dark-brown
2 frons o wide /and parallel . narrow at base
tarsal claws . ;f3 -.1/2 the length of 1/2 or longer- than
i L tarsel segment tarsal segment
hair tuft-at ‘f f‘ usﬁally silvery . usually coppery
base of wing Y ' '
d’véntral plate )/ broad; narrower; !
' ¢ lip recurved lip almost straight

, yo at about 90°

Y
.
~
\‘\
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Table 12. - Comparison of number and branching pattern ‘of pupal respiratory
filaments of Hellichiella species.
Number of Branching pattern Species Distribution iy
filaments/side . dorsal ventral - e o ' - -
4 . .2 T2 o rivuli Eastern North America
A - / . . .‘- l )
6 2 242 latipes - Western Europe -
N - . (Britain, France)
. : . minus North America
. excisum
N -
.18 e 242 (242 yerburyi Western, Europe
L s ‘*3\(_ T (Br;tain, E?ance)
‘ S .
. minus Western North America
N
10 242 343 | innocens ' 1\. North America
' ' .Tendalense Scandinavia (Norway)
e . ) : - near dogieli :
saccal Southern Eurape.(Ithly)
12 — 343 7 343 . anatinum North America
L \ X congareenarum
, - ‘ * Opinaga -
. . . “ L dogield Northern Europe
, near dogieli .
' ’ fallisi
Tendalense '
N .

The pupa of this cytospecies.is unknown,
but it is presumed-to be similar fo this group of species with 12 filaments.

~
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GENERALITIES

Aquatic stages of simuliids develop in almost all fypes of

freshwater streams ranging from first-order brooks to large multiple

order rivers. Within this broad range of lotic habitats simuliid

species exhibit various degrees of preferencé associatcd th stream'
-

size, cuﬂrent speed, volume output cemperature type of substrate A
and, possibly water quality (Twinn 1936 Grenier 1953 Usova 1961

Carlsson 1962 Rubtsov 1959-64; Davies et al. 1962 Rivosecchi 1978;

L]

Glatthaar 1980;'Grunewa1d 1981). Most species. of Euaimuliini are known

] » !

'tc_breed in first ang_secund order streems, while species of Hellichiella.

- Lo . .
have been found invar%ably“in first order, eurythermal streams which

L

tend to desiccate‘during late spring and summer. K However, larvae and

pupae of Hellichiella have always been difficult to find in significant .

*

numbers compared to the relatively larger, population of adult females

~captured during the host-seeking phase’ of their life cycle Specifically,

~adult females of H anatinum and H. rendalense have ,been’ much easier to

capture while biting ducks along certain 1akeshores and rivers than to-

-,

find them in streams as lirvae audrpupae (Beunett 1960; Faliis and

Smith 1964; Fallis and Bemnett 1966, Golini 1975) Consequently,'some-

-

species, such as H. congareénarum, H. minus H. rendalense {s. 1 ),

became.knowninitiallyaa adult females whfle their larvae, - pupae and

" males remained undescribed until ‘their breeding habitats were founﬂ

"

(Jammback and Stcone 1957; Golini, present study) .

-~

.- 121 S
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Initially, when H. rendalense and H. fallisi were first

‘described, Gdlini (1975) proposed a hypothesis predicting the time of
. . : ;
adult emergence and the type of habitat where the larvae and pupae were
.Q.. -+
1likely -to develop -Based on the transmission of Leucocytozoon simondi
. \

by females of these flies (Eide and Fallis 1972), the hypothesis

predicted that - the adults emerged,_and females searched for the first- r

blood meal during the second half,of June in Rendalen, accordingly, :

K

the.developmental period of larvae ahd pupae would occur in. the first™ -

i — f

half of Juneh assuming the species to be anautogenous for the first

- -

ovarian cycle.‘ Furthermore, the aquatic stages were expected to
- . .
develop in semipermanent streams less than 50 cm wide, with slow water .

x

L4 4 ) -
current and much emergent vegeration. These predictions were tested

~ ' .

"when T returned to Rendalen in June gf 1979 and 1986." T made

,additional -observations of the breeding habifats’ of species from
t - € - . . -

Ontario and examined available collection records from Europe and North

America, all of which led to some general conclusions about the ecology '

and: distribution of Hellichiella species.



Flenadalen, and Fuglgsen plateau, covering an area of about 80 km
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METHODS AND OBSERVATIONS

Collecting Season of 1979°* \\\»

Beginning in Ehe first week of June 1979, an extensive

“ search ‘was made’ in Rendalen (about 61 40'N, 11-20'E) for larvae and

pupae of simuliids from small Streams less than 1 m wide, with -

emphasis on those with ueter'eurrent of ‘1 to 1Q0 cm/sec and relatively. "

warm water temperatures of 8° fo 15° C. Simuliids were collected

" . A

initially.frem four areas, includiug Reanalen_(astvollen), Osadalen,
~2
(Figs. 1,16). The larvae of each colleetion were preserved uaually in

. .
'y . »

Carnoy solution (95% ethanol:glacial ecetic\acid 3:1) or altérhatively
in 952 ethanol.” The pupae were kept alive for individual rearing, and
emerged adults and thelr exuviae preserved individually in microbials
or pinned (Golini! 1981). The larvaeland pupae were analysed intially ' v
in a fdeld cabin usually within two or three days after cqllection to ¢..
determine whether speeies of Eusimuliini and Cnephiini were present, with
particular attention being placed on larvae with annulated aecond
antennel segment and on pupae with 4 to 20'respiratory filamenté.
Following the discovery of Greniera ap and subsequently "

Stegogterna sp. and Hellichiella 8p. during the second week of June, the -

-search was resericted the Renadalen area (Figs. 1, 17) particularly to

three small contiguous“BtneamB where these Species were found. These

streams (Figs. 2,18,19,23) are referred Here to as #12, #13 and #14 -

following a series of brooks draining the eastern side of RenSdalen
bt - ‘ y ‘ .
C ¢ . .
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and flowing into the Renda R. (Fig. 2). Although the yiscovery of

 Hellichiella larvae and pupaé at this site was in itself significant,'

7 r ’
the numbér of specimens occurring in these three streams was too small
N,

elative to the large population of adultfemalescéptured‘from ducks

s -

~—. eleven years earlier, 2 km downstream. The problem was further
compounded by the sudden swarming in mid June of large number of
female simuliids resembling H. fallisi which dccurred all over Reugdalen;

for a ﬁeriod of hearly g month these flies were attracted to humans and

n 4

entered buildings and vehicles. This phenomenon led to the hypothes&s

that these adults'had.emerged’frdm these three small streams and others

liﬁe'thém, but ;hat the immature stages had been missedh;s céllgctious
were begun too late in the 1979 season, The pro#lem, however, remained
that'small streams like these, yith relatively féw immatures of Helliéhi?lla,_'
cbqld noglpdssibly give rise to|the present large population of these |
fallisiviiké fémaleslnor tb‘those of rendalense of the éast. Yet, these
“were the mé%t ty;ical streams expected and foudd to produce Hellichiellaﬂ
-larvae and pupae with ]2 respiratory filaments. If there was an ’

-

answer to this mystery of numerical disérepancy between iﬁﬁature and

adult stages; this was the place to find it. Faced with this enigma and
LN ‘ ’ ) '

determined to extend the initial £indings to a more significant level;
I proceeded to explore in more detail the nature of these streams.

" 4 ~

These three brooks are' situated about .50 to 75 m apart, and
their obvious common features include water éémperature in mid June of
aﬁopt 13°C, ﬁearly Gocqhigherathan the other forest or mountain‘bfreams

- sampled in~tﬁis area; meanfwidgh about 50 cm andn#ater depth ;bout 10 em,

except stream 13 with a mean depth of about 50 cm; mean water current

-about. 30 cm/sec ranging from 0 to 50 cm/sec. The bottom of both
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stream 12 and 14 consisted of relatively firm sandy substrate, inter-

spersed with few small stones and some decaying and emergent vegetation;

“

tlie bottom of stream 13 consisted essentially of humic matter and was
( .

déhself-overgrown with emergent vegetation (Fig. 22,23). Bushes of

Salix, Betula and Alnuslere'the dominant pldnts along the margin of these

brooks. Both streams 12 agd‘l&'oriéinate‘Z and 5 m respectively east

¢

of Renddalen road from small pools of water springing imperceptibly

from thick soggy mats of Sphaghum and sedges. Stream 12 dissipates 5

to 7 m from the edge of the Renda R into marshy ground while streams
13 and 14 drain directly into the Renaa about 30 to 50 m from thbir
A . v.

origin., Stream 13 being the longest, originates further up along the -

edge of a treeless bog that was filled completely with’ thick mats of

Sphagnum and sedges saturated with' water. ' . . : <

ubiquirogs bq?

-This bog has an area of‘ehout 2 hectares &nd few scattered -
dwarf pine trees‘land it slopes~gently from'its centre to its peripherf
(Fig. 21). It is surrounded by slightly higher forest ground covered .

mainly with 1ichen, Cladonia rangiferina, and mature stand of Pinus

sylvestrds which dominated the entire valley (Figr 17). The vegquﬁioa~;_
in the bog ihidoﬁinatéd by Sphagnum epp.‘;hieh blankets the entire suf%ece,
and 1qe sedges/, such as Sciréhsiepp. and ggéé!Lppp.;_Eggglg,gggﬁ is”

A 3 oeeurs more profusely on the periphery of the bog together.

wvith Alnes'sp. and Salix spp. Thé sedge-Sphagnum surface cehplex of .

this bog contains in the upper region low palsa pounds about 20 to 50 cm

¢

high, and in the lower region numerous miniature hummocks 5 to 20 cm '

wide and similarly gs.deep;'hoth interlaced by a—network of_standing to

- : ] . \ 1
slow—moving eurface water, This water merges at the lower-edge of the

FR

bog into more defined rills flowing from 1 to 30 cm/sec. One of these

] .

L

Fu
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v

rills, cascading about 30 cm down the edge of the bog into a 1 m deep -

. pool (Fig. 20), gives rise to the upper fork of stream 13; five other

v

majgr‘rills drain further along the edge of(/;e bog into a 15 m long

drainage brook about- 30 cm,wide and as deep (Fig. 22) which forms the

lateral branch of stream 13. B

]

r

This bog is 'thus the source of all three streams 12,13 and 14,
This delicate biotope* is reminiscentrof the breeding habitat of

anopheline mosquitoes, and the last insects expected to breed here were

’

simuliids. The submerged vegetation, however, revealed an awe-inSpiring

number of simuliid larvae and, pupae 1oosely attached to decaying ‘stems"®
M

) . and leaves of mainly Scirpus aqd Carex floating in the miniature rills

‘decreased significantly in the collector

~ o brook immediately below the bog's edge. The simuliids from this bog,

when discovered on Jul; 27, consisted'prima;ily.of'mature'larvae and
— ) pupee of'Hellichiella with 12 reepirgto:y filaments, the rest were maini§
. ' larvae and pupae of the subgenus Nevermannia (vernum—group) .

»

To.determine the relative abundance of Hellichiella from this

~

-

bilotope, larvae and pupae were -collected two or three times .per week at

various sites in the'bbg'and from the three streams originating from it.
- Lt _— v
An emergence cage was also placed on the drainage stream at the edge of .
’ . N . R ' \ .
the bog (Fig. 25) 'to monitor the emergence period of the adults. The

cage consisted of white dacron-screening {12 mesh'per cm), sewn in the

. form of a- cube (54 cm x 54 .cm square bottom and 50 em high),with only
: - v
' : _the bottom left’ open; the upper slde had a collapsible sIeave ‘'sewn to

) it in order to gain access to the cage by inserting one arm and aspirator
o ) ) - I

- . into the cage to collect insects. This foldable cage nzﬁ\e{ected on the
\,“. - . , - - - -

” . &
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stream by planting four sticks into the stream bottom and inserting

the four inside corneré of the cage over Ehem so that the sides ’
remained taut énd the open bottom rested about 3 to grcm aboGe water
surface. TQg emeréed simuli;ds were' collected daily.with an aspirator/
in mid afterncon and preserved in 75% efhanol in individual vizrls for.
subsequent identification and enumeratiom. Col;ections wer; terminated
on July 11 when pupae of Hellichiella we;e no longer found and a new

-

Iafval population of other simuliid sﬁecies was developing.
I} - . . -

-

Collecting Season of 1980 -

A more quantitative assessment of the r21::1je density of-

simuliids from the bog and the issuing streams was made in the following

\

\ *

widé, cut: -from'the rubber inner tube of\' a’bicycle tire, were flo&ted in',

each of stream 13 and 14.at about 10 m intervals from each other and

. .

from the stream origin so that the strip farthest Howns%rgam was about
. : .

30 m from the edge of the bog. The objective was to measure the number
of larvae thaf,colonized each strip at different sites during a certain

time period cdmmon for all strips. The .strips were placed at sites in

the stream containing a noticeable number of larvae on vegetationm,

- where the water current was about 15 to 20 cm/sec. Six other similar:

t

strips were placed in different rills at the edge of the bog,-each

P

.
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1980 season. To measure larval density rubber strips 26 cm long and 1.2 cm

»

strip flohting in water currents ranging from 0 to 5 cm/sec, 5 to 10 'cm/sec,

..

and 20 to 30 cm/sec, with replicates where larvae were numerous; another
- ---‘ . Ay

strip was placed in the drainige stream where cascading water reached a

speed of 50 to 60 cm/Bec, as measured by the speed of a leaf of Betul

\ -
nana floating on the water surface. The first collection of larvae from

»

these strips was made in the second week of.Juhe,‘four days following -

~

-

¥ ;.

§
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To simulate more closely the natural substrate of submerged black,

.
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their initial deployment in the water. However, the significantly
fewer larvae found en the strips than expected from the larger number -

on floating vegetation led to a slight modification of these strips.
decaying, thin stems of sedges on which numerocus larvae were attached

each strip was cut longitudinally into four 3 mm wide strands which

Y

|

remained joined together apically by a 1 cm piece of uncut rubber

(Fig 26). These fringed strips were reflosted at their original sites

’,

for periods usually of 4 to 8 days. At the end of each exposure period .

r

the strips were removed from the”water, and the larvae attached to esch Ty

strip were picked off with forceps and preserved in 95%. ethanol in ' \Q// Lo

-

- o+

individual visls for subsequent identification and enumeration. Analysis

-

of these collections inVolved determining species composition and

-~ -

relative density of larval simuliids gt the bog and issuing streams,

in relation to distance from the hog and to water current.

- LI

.-+ An atftempt was nade in June 1980 to determine the rate of

- r \ ¢

larval drift from the bog into stream 13. A“30 cm diameter sieve with
nylon screéning_of 14 mesh/cm stretched.on a brass_ring with sides 8 cm

high (see Fig. 20), was placed wertically across the dreinage’brook at

-
H

a site where the water current reached about 50 cm/sec. The sieve was

kept in the water, for periods of 12 to 24 hrs' the 1ervae trapped in

b v

the screen were preserved-in 951 ethanol for subsequent analysis. *

The emergence peg}od of simuliids from Renadalen bog wes” -

monitored again during the 198Q_sesson. Six_emergence. cages, similar

[

to that used in 1979 were deployed three cages were Placed on seepages

. .

at the edge of the bog, and one on each of streams. 12, 13 snd 14 (Figs. 18;

22,23,24,25). Emerged simuliids trapped in each cage were collected .
’ . . - .

! P
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with an aspirator daily in mid afternoon and preserved in 75% ethanol
#1n individual wvials for subsequent identification. A second small 1/2
hectdTe sedge— Sphagg bog sloping directly into the Renaa ‘R. ‘was

located in 1980 about 1/2 km down the road from the first Renadplen et

- A\bog. This bog is fed primariiy by cold water of 8°-9°C from a forest

. stream (stream #9 of the Re 8dalen series) which dissipates at the

upper edge of the bog: Bedause of acarcity of larvaewgonly one collectidn

was made at this site on June; 15. .

¥

4

Rsmyrtjnrna Bog .

The third site studied in 1980 wds an extensive sedge-SphagE

2

.bog 1ocated on Fuglasen plateau on the western ridge of Storjﬁen,-on the

]

- other side of a deep valley gbout 20 km west of RenSdalen bog (Figs. 1 27)

>

.

'f: - .
t ! -of its enormous area, difficult terrain, and lack of time, only the
1 ' : .

This bog is nearly 2. 5 km long and 1/4 to 1/2 km wide (Fig 3) and

represents the climax'stage of natural eutrophication of an apparent

.ancient lake Which is now reduced to a small lskelet, ﬂsmyrtjorna, on.

“the upper reaches of this bog. The bog eurface slopes gently in a

southeasterly direction from this lakelet toward a small strehm about lm

":_:wide and 615 m deep which, farther down, doubles in width to form .

o *

Sagbekken- stream.

«

A collection of, larvae made in June 1979 fromithe upper reaches
of Sagbekken, near .the edge of the bog, revealed when analysed six
;Dnths later, few larvae with annuleted second antennal segment.‘ This
evidence, suggesting another breeding habitat of Hellichiella, prompted
in 1980 a more intensive tﬂloration of the area around upper Sagbekken

=iy

which led to the discovery of the extensive Ksmyrtjarna bog. Because

.,-.'

129



130

i B _— ’ ' .-

v ‘ ‘- ’ . ) T

i lower reaches of this bog were investigated for presence of simuliids.
. %he first collection from ﬁsmyrtjbrna was made June 9, 1980,

at two sites in the bog, one at the lower-most edge from two seepages

draining part of this area (Fig. 28) and the other about 1/2 km further

ST e e g 1

5

‘,4"' up from a small seepage in mid bog (Fig. 29). Subsequent-collections

were made from the same.two sites at about weekly intervals, depending

__.‘,.,...,.ﬂ,_.”_._.,.
v

s ‘on weather conditions and the availability pf a borrowed Panther
motorcycle or_Vﬁ‘pick-up truck which slleviated congiderably the 20 km
tortuous hike from Rengdalen base st;tion to Ksmyrtjbrnsx .
To characterize this’palustrine biotope, a COllection of plants
was made in &uly and August from both Ren8dalen 'and Rsmyrtjbrne bogs; .

each of these plant ssmples was glued and pressed between the sheets of

rwry

a 28 cm by 22 cm field notebook. Some plants were identified in the

- e
.
’

field using Ursing'(1966) - Otherswere subsequently identified with help

—

frqm the Royal Botanical Gsrdens, Hamilton and Biosystematic Research

N

Institute, Ottawa and the use of Gleason and pronquist (1963). Onme

liter -of water samples were also taken petriodically, using precleaned

- e —————g
|

1 liter plsstic bottles: Renidalen bog on June & 8, July 11 and Augost'S- .
stream 12 on June 12 ‘streams 13 and 14 on June 8 'and August 8; stream 15

on June 4y Renga river on August’ 8 RsmyrtjUrns bog edge on June 9 apd 23'

e — e

and mid bog on June 9, 23 and July 18. For’ each liter sample, two

s

additional 20 ml water samples were taken - one was fixed with 3 dr0ps

of chloroform for nitrate-nitrite and ammonia analyses, the other was
fixed with 3 drops of concentrated hydrochloric acid used for phosphate,

silicate and sulphate analyses These- wster samples were kept refrigerated

WATj e ey

at near 0°¢c until chemically analysed three to four.months later in

Canada. -Analyses of some psrameters were msde at McMaster University

k]

\\
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-
for chlorides, acifity and alkalinity by manual titration,'and for’
concentrations of nitrate and nitrite, ammonia, dissolved phosphates and silica

using the Auto Analyser II system, menufactured by Technicon Corporationm.

The other cation parameters were determined by the Water Quality
Laboratory, Oetarie Ministry pfethe Environment, foroeto, fol ing
standard methods in "Handbookrof Analytical Methods for Efiviponmental
Samples". At McMaster University concentration of suspendéd solids was
determined for each sample by filteriﬁg a velume’ofhpater, usually 500 ml,
through a millipore filter using_p.AS u pore BA85 papex; the filtrate

b

was weighed with 2 mierobalanee.

Water pH and conductivity was measured in the field with a *

i . -

portable pH meter, type PHM296 No 157428 imark Radiometer A/S,

loaned by the Zoological Museum, Oslo. Air and water temperatures; A .

of.Rennglen bog were taken daily with two maximm-minimum mercury

-

-

thermometers kept in the shade; the air thermometer was placed on a
tree trunk, about 2 m above ground. Rainfall was also monitored 'at
the base camp by measuring.the depth of water accemqlated,lafterreaeh
rain period, in a 40 cm diameter and 12 em deep plaetic basip kept o
exposed 1 m above ground and about 100 w from Renddalen bog. !
To compare the breeding habitat of Hellichiella from Norway
with those of- other Hellichiella speeiea,elsewhere,-a study was also .
made of several bog-like eites in Ontarilo expected to contain Hellichiella’
during late April and early May 1980 and 198l1. Larval and pupal’
simuliids were collected and later identified; also water and plant
samples were collected and analysed fg;lowing the same methods for
gamples from Norway. On my way back from Norway to.Canada in August 1980,

I had an Opportunity to stop over in England to meet with Dr. R.W. Crosskey.
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at the British Huseﬁm (National History), London, who kindly accompanied
me to ; few'breeding sites of §+ latipes in Herts. Although no
simuliids were found this late in Fhe seéson,'a few plaht‘sampleé from
a;site.at Knebworth Wood, Herts., (Fig. 32) were taken and ideﬁgified at

the BMNH to characterise the habitat for this species (Table‘zz).
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: *  Fig. 4 Daily air and water temperatures recorded at Renadalen
i _ bog during the swummer of 1980, Note, the relatively

: . © - uniform bog water temperature corresponds to the mean
: air temperature.
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Fig. 5

Accumulated rainfall and pH values of bog and rain
water recorded at Renadalen during the summer of
1980. Note: 1) The low pH of bog water relative ]
to the slightly-lower pli of rain water. 2) Rainfall

"is the only source of water that maintains surface

water flowing in the bog during the ' simuliid
breeding season.
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- Fig. 6 Precipitation as accumulated monthly rainfall in

Akrestrimmen, Rendalen, for 1979 and 1980 compared
to 10 years mean values.  Note, the highest .

. precipitation occurs during early summer, coinciding
with the development of aquatic stages of bog simuliids.
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RESULTS AND DISCUSSION -

The Palustrine Blotope

.

Characterization of Ren3dalen and Ksmyrtjorna bogs in terms
. 7

of vegetation’and water quality is summarized in Tables -1 and 2. Except

~

for gize, both begs have several characteristico in common, the dbéE

- -

- , N \
- obvious being an open, treeless, and gertly sloping surface exposed to '
- 4 " L 'S
direct sunlight from which water drains via numerous interconnecting Ei
’ " : ' . N . ~ .7

”

seepages into a common collector stream at the lower edge of thé}boé.

The entire bog eurface is. covered Gith Sphagnum spp. and overgrown with
T =

-

sedges, particularly Carex spp., Eriophorum sp., Molina 8p., Schoemus

R

sp., Scirpus spp and several other common and occasional ants (Table 1).

~

The relative abundance of these plants was determined semiquagtitatively '

*

by visual inspection. The vascular plants listed at the end of Table 1 24

-

occur primarily on the periphery of the bogs and along the streams

dradning them. This vegetation is associated with a water-saturated

and partially ecompos substrate about 1.0 m thick, estimated by~

pushing a poijted 2 cm diameter pole wvertically through various points

on the bog surf ce. Similar sloping bogs with characteristic vegetatign

are common Norway and otller Scandinavian countries (Osvald 1954; Sjbrs 1961)

og, flatter areas are often flooded with surface pools

“r

of stending (water 10 to 50 m wide, particularly after 15 to 20 mm of '

-y,
. “ "
_continuous rain all-;n June and July. These areas have a particulerly ©T
soft'end.frqgiée surface which could be made to quake-or vibrate by
. H 1l B .
. * . v
. : . FARE
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-

bouncing,over the perlphery, and are impassable without risk of sinking

into the mire. These localized mires, occur invariably on slightly

more elevated areas of the bog, and are focal reservoirs of water which

-

>
/r—\ drain through the substrate into surface aeepages flowing from 0 to
about 30 cm/sec. These seepages (Figs. 20, 28, 29), ranging in size

from 5 to 30 cm deep and a5 wide, are-the foci containing numerous

- 3 -

simuliid larvae and pupae attached loosely to decaying sedges. 1In 4

Hdeeper seepages simullids were found alsq on bottom h sy mainly of

. " decaying Sphagnum which ogcors as irreéular'mounds esembling miniature

coral reefs, with attached larvae and pupae waving like tiny golyps. in
. the aluggiaﬁfﬁater current.. Detection of simuliids in thesé aeepages
"was facilitated in reduced glare, by wearing polaroid sun glasses, during
overcast skies and in early morning or late afternoon when the angle
of sunlight reflecfed from the water surface is low; even then, simuliids
‘. .were difficult to detect unless they were viewed closely, about 10 cm
from the water aurface. Consequently, collegting ‘larvae and pupae wita

difficult, not only because of the required low, baok—breaking posture

over the water-logged substrate, but alao because the fragile, decaying

) .
« the conventional forteps method in this type of habitat proved relatively

140

vegetation on whieh larvae and pupae were attached invariably disintegrated

as it was lifted out of.the water. Thus, aimuliida became covered in
biack, 'imy humus from which they were'extremely difficult to separata.

Analysis of the water sampled from Ren3dalen and-Xsmyrthrna

d streams ie shown in Table 2., The moat-obvioua'characteriatic

water wag 1ts brown colour, typical of dystrophic conditiona.
A compariaon of the parameters arialysed shows thai;:jter quality from

Renadalen bog is relatively similar to that of. atreams 12, 13 and 14

- ..

' - .
-
. _/ i
» . .

-~
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originating from the hog, the main difference being in higher conductivicy

MR eadefay o -

of water from stream 12, higher conéentration of phosphates from the
L , 0 '
bog and lower suspended solids from 13. Water quality from Asmyrtjdrha

bog is also relatively wniform, with lower concentrations of suspended-

TITIND e e e,

solids and sulphates, phosphates, potassium and iron, -and higher

R e S

concentration of calcium occurring at the lower edge of the bog. One -

. main difference betweeu the two bogs is the higher conductivity and

crai T em o m e

dissolved organic carbon (DOC) of water from Asmyrtjdrna Al though

s

only one water sample was taken‘from each of stream 15 and the Renfa
. \

river, neither of which originated from bogs they differ from bog water

essentially in being neutral as shown by their near 7 pH values. By
. ‘contrast, both bogs and ensuing stresms have pH values of about 5.0 to
5.5 which are 0.2 to 0.5 pH units higher than rain water during the

_ summer (Fig. 5). All the water sampies tested show reletiyely low

T TSN I S T S T T

concentration of bicarbonate ions, indicating that both bogs and .streams

i e,
L

in Rengdalen have relatively soft water and are thus highly susceptible
to acidic precipitatiﬁns.

Water temperdtures remained relatively high during.the'summer;
records from Renddalen bog water showed an sverage daily maximum temperature
of about 15 C, of 2° to 3°C .lower than the msximum daily air temperatures

(Fig. 4), snd 6° to 8°C higher than those of other mountain or forest.

I TEAEITI eI | R AR T A T

streams. Depletion of surface water through drainage from these bogs

'; o is epparently enhanced by relatively high rate of evaporation through
direct solar radiation. During the first two relatively dry weeks of
June 1980 when msximun air temperatures soared to about 25° c, the water

-]

level in Renedalen bog decre::ed from an initial dischsrge of about 200

llmin (from all three stresms combined) to’pbout 60 1/min. This drOught
‘\‘ -
—
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~— caused significant ‘reduction in seepage flow from the bog, resulting

| in a reduction of water volume in deeper seetions"of streams to less
" than half their full capacity (Fig, 25). A total of about 15 mm of
intermittent rain thau fell during night‘s‘in these first two weeks of
June had 1littlk effect in'maintaining water flow from the bog.

By contrast, a cold weather front passing through Renadalen .

during the third week of June 1986, as shown by the change in air
tempErature (Fig. 4), brought a total of 85 mm of rainm from June 18 to 24,
exceeding by 15 mm the average precipitation for the whole month of June
inlthis region (Fig. 6). During these seven days of continuous rain, _
Renfdalen’ bog became completely flooded, and water from the three
' issuing streams reached a maximum outflow of about 1000 1/min. The
amount of rainfall-during July remained.below average for this region,
but it was sufficient to.maintain surface water flowing through the
bogs and streams. in early Augus; 1980 omly the lower periphery of .
Renddalen aud Rsmytjﬁrna bogs had some flowing water, as in the droughtll
. - period of early June. This ineicates that-raiuf;lljis the;main source
. of wateé input‘into.these eloping, open bogs at high elevation, as
occurs in simi}er habitats in Scandinayia (Osvald 19;4). This factor .
may explainrthe low mineral coutenb in the water, as is typical of’
similar ombrotrophic bogs (Sjors 1952; Jeglum et ai 1§74)J The
. " implication of water ruuoff from_theae Boks_on population density of
. ‘ simuliids will be discussed in subsequent results.
It is.pignificaut to indicate that the ‘seasonal development
- - of plant and animal life on Fuglasen plateau where Rsmyrtjdrna is
‘ situated is advnnced in the spring pormally by sbout one ;eek relative

to Renfdalen. This observation is supported by naturalist land ‘oumers

] . . . "
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of this region, e.g. Herr Ajas Kiaer, and by personal observations.
This plateau receives more direct.solar radiation for a longer period

; \ of the day than the Renadalen watershed which is surfounded by forested

terrain and is overshadowed to some extent by the western mountain

fidge bfnﬁengfjellEt and Ren8skarven. Hence, in the first and second

-

' . %leek of June when deciduous trees, e.g. Betula and'Salix, are at the

early budding stage in Renddalen (Fig. 19), iﬁ Fuglgaen these same v
trees had already'heveloped g‘full complement gf leaves. This_initiaiu
vegegétive periqa was associated with. the ‘spring reproductive period

~of birds and devélopment of 1grvae_and emergence of Hellichiella spp.

and other ormithophilic simuliids in Renddalen.’ This time differential
inqiocal climate affeécted the developmental period of.simuliids“f;om"*

‘o _ .
Rengdalen and Asmyrtjdrna, as will be indicated subsequently.
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Table'l- Vegetation ocurring in Renadalen and Rsmyrtjarna bogs of Rendalen
Norway, during June, July ‘and August 1980, where Hellichiella 8pp. were collected

— ¢

,‘, Doninant Common QOccasional

Musci ) . ‘ o
Sphagnum fuscum *
'S, magellanicum - *

Equisetaceae _ ’ '
Equisetum palustre - *

Cyperaceéae

" Ericaceae

Carex vesicaria : .

'C. vulpina *
Eriophorum angustifolium ¥ T
E. vaginatum

Kobresia simpliciuscula :

Molina ‘coerulea . * )
Schoemus ferrugineus *
Scirpus caespitosus _ *

S. lacustris . *

* % * ¥ ¥

Andromeda polifolia , . , * .
Arctostaphylos alpina : * ’

Ledum palustre S .o *

Loiseleuria procumbens - *

Vaccinium myrtillus - ' *

V. oxycocces C LA

V. uliginosum ~ * : e
V. vitis-idaea * '

Empetraceae $° .
Empetrum nigrum * -

Menyanthaceae . . . - . .
Menyanthes trifoliata ) , ) : * -

Primulaceae . 5 : : ) )
Trientalis europea : - * ok

Ranunculaceae
Ranunculus aceleratus
R. arvensis
R. repens

* %%
§

Scrophulaﬁ?ceae
Euphrasia brevipila . ' *

Rosaceae . : '
Potentilla erecta - ¥ *
Rubus chamaemorus = . : R
Comarum palustre - *

Shrubs and Trees (in periphery of bogs)
Alnus incana , . *®
‘Betula nana (ubiquitous) * .
B. verrucosa. ) * :
Picea abies . : . *
Pifug sylvestris _ *

Salix caprae i ?
S. lanata o
S. herbace : *

L. R

»



/8 ot ur Yod » )

w =<
~3. .
- - .o
. ,.v\,_ . .oat
. ot 02'1 TZ°0 4°L 1'0 0@°1 £°0 S°6T L 00 LE°O0 BITO TSV TTZL O°Y €8BS S yNl X {¢=u) .
1 86°0 0Z°0 9°1 0°0 S0°0 9°0 ©'Y 0°Z 000 91°0 91°0 '€l T'TI 0'Y 0°IY ¥'S z°Z  Cum
wi  06°1 §2'0 8°1 Z°0 0Z°C 8°0.9°LY '0°C Z0'0 ZE'0 O0Z°0 8°91 Z°ZI Oy O'vL 9'S 9'ST ‘xvm
s , . ’ f0q xeddp
C 09 66°0 SZ°0 L°Z 1°0 O0Z'D O°1 E°ST %70 20°0 920 SE'0 6°ZI T°ZI Z°T 0°9§ 9'S ¥'wl X (z=0)
‘01 82°0 S1'0 Z'1 0'0 S0°0 6°0 .0°0 1°0 O°0 ZT'0-11°0 ®°0I Z°ZI 0'Z 0'8E 'S 271  ‘uim
© pof  06°C SETO Z'Y Z'0 ASEC0 0°1 0°%C 970 Z0°0 O£'0 09°0 O0°SI 2'ZT $°Z O°¥L 6°S 9°§1  cxwm i
% - ) . T Soq asm0n
; . . ) ) - ) VISQCLNANEY
LI S0 SI'T ¥°6 '0°0° SE°0 6°0 0°0  0°E 0070 02°0° {570 O'IT ¥'3z 0°y 0°SZf 't 0'21 . ‘W oepusy L
09 110 SE'0 ¥°Z 00 $0°0 £°0°9'¥6 §°1 20'0TOE'0 12°0 L9 2T 0°T 09 §'9.z°z1 SIf weouy
ov 1°0 SI°0 £°0 070 $0°0 90 Z'¥V1 0°Z 0°0 EE°0 OZ'0 £'9 Y'Y SE TOL 9°C OV X (=W
ot ¥1°0 01°0 ¥°0 0°0 §0°0 9°0 0°0 670 Z0°0 ('O Y0'0 €9 TN O'1 §@T ¥'S €T cupm
00t * %170 020 0°1 070 £0°0 970 Z'IC S'€ Z0°0 OSY0 LE'0 ¥'9  9°9C O0°y .0°ZE 8'S §'S1  Cxew
. . . ¥1§ Aooxg
09 ¥1°0 01°0 $°0 i'0 S0°0 9°0 Z'ZZ C€°F 10°Q 0%°0 SE'0 £'9 9°9f O°1 T'IL S§'S 0wl X (z=w)
0z Z1°0 Z1°0 %°0 0°0 €0°0 9°0 0°0 O 00°0 0C°0 YI'0 9°9 ¥°%Z O°T 0°0f €'S §°2T ‘v
s 0% "ZT°0 01°0 970 1°0 SO°C 9°0 ¥°¥E S°1 20°0 0S°0 L0 9°9  8°8Y 0°1 §°E 9'S 6T Cxew
' . _ £14 wooig
ST 7 89°0 0£°0 'S 0°0 €0°0 9°D 9741 'L Z0°0 OO0'I B1°0D 9°BL #°%Z 0°% 0°00F $'S §°T1  Tl4 wooxq
. LY
: 0g1 210 ¥I'0 L0 0°C {00 9°0 §'¥C ' 20°0 O0E'0 YI'0 '8 €°9I- S ¥UE ¥E LW 1 (y=N)
0z €00 S0°0 Z'0 0°0 €0°0 TO 0'0C §°0 00°0 0Z'0 BO'O ¥'S ['9. 0T §YZ TS T'I  -upm
. 008 1Z°0 £0'0 Z'T 'O S1'0 @°0 Y'001 O0°C 20°0 050 LI'0 0°ST @@y Oy ©°'ZS L° 9°Si  -¥wm Rog
ﬁ—ﬁl\.ﬂ . - L] - —nc%ﬁﬂ
. roty Lo 8w T a0 s Yoa Yoz ‘o 10 Zers” oma fon sp w g 9, :
- : =& 0 .
- . /% ; .
5 . ) )
- *0g6] Isniny o

03 aunp Bujanp 'AsAloj ‘ualepuay U} IBPYIIMMES JO BIRITQREY hluu...- pww Foq .._.—-u.mwu Jo s1ajamsawd L3ypTend 1eymp *Z o1qel

L

P T e



e e g T s e —

e R

‘&

)

Hellichiella and Other Simuliid Species

from Renfdalen and Luwrtjﬁrna

-

Rengdalen Bog

- The first larvae of Hellichiella from RenSdalen bog ‘were .

Jfound in streams 12; 13 and 14 in the second and third weeks of June

. 1979 mssociated with mature larvae and pupae of Greniera brachiata

?ubtsov. Iﬁe low .density of simuliids in these streams led to finding
their bog ofigin and discovery of the breeding source of Hellichiella’
in this habitat. The relative abundance gf.simuliids‘ih these thrée
streams and bog during June and July 1979 is Summaéized in Table'B.
These preliﬁiﬁary results, ﬂased on random coliectiods, show that
H. rendalense was the dominant species, comprising 61.2% of six species
present in ‘the bog, but it was less than half as. abundant in each of
the three streams The other species followed 'near hexééhg trend,

-+

being more abundant in the bog than in :he streams; e apparent

absence of Greniera brachliiata the bog is attributed to its early

development, with adults having co ietely emerged. before June 27, the‘

time of first collection f bog. Both E. aureum (Frigs) and

S. noelleri Friederichs occurred as _young developing larvae, up to 5th
] \

instars, in early July; hence no.pupae or adults of these two species

were found. : .

The proportions of H. rendalense and H. near dogieli, based

-

146

@

on- the 1979 collections (Table 3).:are shown in Tables "4,5. , Identifications

o
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1Y

of last instar 1arvae (Table 4) showed that H. rendalense was the
dominant species in 1979? comprising'QZ;ZZlof Hellichiella larvae from

the Sog, and 63.6%, 85.7% and 80.0% from streams 12, 15 and ld.respeccively.
The dominance ¢f H. rendalense over H. near dogieli isrevident also from /
identifications of reared adults. (Table 5) which occurred in nearly ‘//z
identical proportions as the larvae. These resultslindicate alsbd that

these two specie5adevelop simultaneously without siénificant temporal

or spatial separation. Mature larvae, with small fat bodies, and pupae

Qf both species were found in about the same proportions from the third

week of June to the second week of July 1979. There ‘was no evidence

‘of a second larval generation nor of reared adults developing’ eggs in

ctptivity without a blood meal. However, one of the four larval collections

of June ég (Table 4) showed an equal proportion ofﬂlhe two species of

Hellichiella, indicating a microhabitat’ oreference by these two species.

Since this collection was.made about 10 m further up into the bog, it

-~

- appears that larvae of H. near dogielil occur preferentially in the

outer bog seepages while those of H. rendalense are distributed primé;i;h’ 2
at«the edge of the bog. i )
The %eaults~of random collections of larvae from Rengdalen
bog of the 1980 season are shown in Table ‘6. The proportion of © T
H. rendalenae s. l.-in this season was again the highest, compriaing

about 352(of the eight- species found in the bog. However, this :
proportion is about half that of the previous season because of the

larger populations of the other species encountered over the'longer

collecting period in'1980. The relative abundance of’ E, vernum remained

essentially unchanged from the previous season. G. brachiata was

-the dominant species, oecurriné‘as penultimate and last instar larvae
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| from the three streams issuing from Renadalen bog for the 1980 season

, 152

during the first week.of June, showing that this species also.breeds
-in the bog. 1In July, 'when the earlier species had declined larvae :
of other species, such as E. aureum and S. noelleri, became more
numerous. Hence, this seasonal speciessucce551on is a factor affecting

the proportion of H. gggglense s.l. The reSults of larval collections

are shown in Table 7 - The relative abundance of gi rendalense s.1. 'was

~ about half of that from the bog and less than half of. that of N. vernum

5.4 1 which comprised about 50% of the eight species from all three streams.

ro-

The proportions of H. rendalense and H. near dogieli based -

on mature 1arvaefrom both rubber strips and random collections of 1980

from bog and streams are shown in Table 8. The fis::\EEEE?e larvae of
' Ay
these two species occurred in the second week of June and the last

larvae in the gecond week of July. From'a total of 1164 last instar
- LT 1 - .

larvae of Hellichiella, 25.8% were identified as H. rendalense and .

3]

-74.2% as H. near gagiel This propor{ional difference was generally :

o

maintained through the season, ‘without evidence of temporal succession

.

between species. The same’ results were obtained from stream 13, while

" the proportion of larvae in stream 14 was found to be nearlx\-?ual

: between the species, with 8 difference of about- 12 more larvae of

g;_near dogieli. In the latter two streams larvae of H. rendalense

- occurred for about one week longer into early July,-and in the bog one

week longer into mid July, indicating a slightly protracted period of

larval development for thia apecies relative to that of H. near. dogieli.
/

This greafsx proportion of gé_near dogieli Tarvae in 1980 is the reverse

.

of that of the previous season (Table 4) when larvae .of H. rendalense

were the more abundant. This indicates that the relative abundance

-
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Hellichiella spp.

between these species may vary between seésons.
The proportion of these twa Species in 1980 determined from
Teared adults is shown in Table 9.. B. rendalense comprised 85.7%

and H. near dogieli 14.3%7 of adults*from the bog, with similar

. proportion for stream l4. These results also show-that tﬁe proportion

of reared females to males was about 1.5:1 for H. rendalense and 6:1
for H. near dogieli. Hence, the expected sex ratio of 1:1 dbtained for

79 (Table 5) was not obtained for the bog-

population in 1980. This is the converse of 1980 results of larval
collection where H. rendalense was only 25.8% and H. near dogieli 74.2%
(Table 8). . The higher proportion of H. near dogiéli larvae should have
p;o&uced,thé expected equally high;r proportion of reared adults of
this species, but the results show the.oppésite, namely, H. rendalense
adults were the more abundant. Considering that immatures and adults
of both species were identified correctly, the above anomalies may be
explained simply as follows: On June 18 ﬁoat Hellichiella larvae

were in their final instar, particularly male larvae which develop
earlier than feﬁales,,thus they werejﬁbfﬁ‘susceptible to drift béfore
pupating. At this time, the f}ve d;ys of éonuinuoué rain -from June 18

to 24 (Fig. 5) that flooded the bog and resulted in a ten-fold increase

in water flow, washed downstream significant number of the earlier

maturing male larvae. The corregponding decrease of/ﬂﬁia"ﬁﬁggz resulted

in a lower propoftion of reared males relative to females. The 1:1°

propoftion,of H. rendalense males and femalee reared from stream 14

(Table 9) lends support to this explanation; larvae ‘drifting downstream

were more successful in reattaching onto substrates than larvae at the

bog's edge, thus pupating in preferred water micracurrents in the stream

~
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!

o . - ‘
Asmyrti¥rna Bog - . .
} o . .
The results of larval collections from Asmyrtjérna bpg are
Y N . -
hown in Table 10. These results reveal, among other"pertinent i

information, that the development of simuiiids-at this- site 25§p£;asonally

more advaﬁced.thap that at Renddalen bog. Both G- brachiata and

St. duedecimgza! two early specles which occurred mainly as mature larvae
and.pupae in ehe second week of June 1in Rengdalen, had already eme}ged
in Rsmy;tjﬁrna on June 9, as indicated by the absemde of larvae and
presence of exuviae of these two sﬁecies at this site.? S}milaply,
nearly 502 of H. rendaleese and gé_diei dogieli larvae were in their
last instar and about 5% had pupaFed (fable 11); by cdbtrast in-
Renfdalen the first pupae of Hellichiella sﬁp:‘occurfed about one.
week later.

The more numerous specles showed significant differences in

.. ¢ :
abundance of larvae between the two sampling sites in Xsmyrtjﬁrna.

\\> H. rendalense and H. near dogieli eombine&; comprised 192 of ggveg:'

3epecies'aampled from the edge of the bog,cumparedto'éﬁz ef s8ix species

from mid bog. The btherfgbeciee: particularly B. cragsum, E. vernum,

.E bicorne and S. noelleri occur preferemtielly at the periphery of Ehe
bog, and are thus considered here as peripheral bog apeeies, while
g;_gggggg shows no significant preference fo:_ezﬂker site.

The proportions of H. rendalense:gnd H. near dogieli based
en identifications of maturéle:ﬁweand adults reared.from pupae. are
shown in Table 1l. vAt the edge of the bog a totel of 216 larvee

. consisted of 312 H. rendalense ned 69% B. near dogieli. In mid bog &"
total of 934 larvae consisted of 3.2% H. rendalense and 96.8 H. near

' ) e Ll .
a - Wl -

<
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dogieli . fhis shows that H. near dogieli was the more abuodant'epecies
and occurred preferegtielly in mid bog, while H. rendalense occurred
preferentially at the peribhery of the bog. .

This microhabitat preference by these two epecies is not
readily apparent from results of reared adults. Pupae of both species,

and therefore reared adults, were relatively scarre at the edge of the

bog (Table 11), probably due to nf " drifting beyond the upper

seepages where all the samples were taR@#* (Fig. 28). Larval drift
occurred also with E. aureum and S. noelleri whose larvae in late July

were primarily in the upper seepages at the bog's edge, while most

pupae occurred in drainage stream 10 to 20 m farther below the seepages.

" The proportﬁggg,of adults from mid bog shows that a sample of 482

reared specimens consisted of 637 H. rendalense and 37% H. near dogieli;

these proportions are the opposite from what would be expected by the

relative abundance of larvae. In addition, the sex ratio of H. ‘rendalense

adults ‘was nearly 1:1, while that of H. near dogieli was about 1 2 in

favour of females. These results alsg show that H. near dogieli began to

emerge about ome week later than H. rendalense, with males pupating in

-

- greatef proportion earlier than females for both species.- The greater
‘tendency to drift by E; near dogieli (see next section) is a factor to

.be considered affecting the unexpected difference in proportion betﬁeep

L

larvae and reared adults, as it was for similar results from Renddalen
bog. In shallower seepages, ! to 5 cm deep, Hellichiella pupae were '

usually attached to and hidden among loose, decaying leaves of Betula,

Salix and eedgeaiiﬁ nearly standing water. In the 10 to 30 cm degp

seepage in mid'xsmyrtibrna bog, pupae'ﬁere found also on the bottom

"

{90
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substrate and surface vegetation, together with 1lArvde. Pupae often
occurred clumped in groups of 3-5 individuals on flat wurfaces of leaves,
with the cocoon opening ana filaments oriented down-current. In nearly
standing water, at the efgg of seepages, pupae were oriented in all
ections. Al]l pupas ﬁ'llected,we;e loosely attached to the substrate,
e:feciglly thosg>in mi&-bog. As the vegetation was lifted out of the

wAter, pupae-would often detach, float down-current and re-settle on
. . -

€ seepage bottom. Whether there is a preference by one or both

. Hellichiella species to pupate on the seepage bottom or on surface
vegetiation wés,not determined. Noﬁetheless, larvae do not necessarily

" pupatle wvhere they filter-feed, and the resulting differential drift

of pupating last instar 1aryae may affect samp%;ng of one species of
pup;e selectivgly over another, thus contributing to the apparent
digﬁroportioﬁ betweenllarvae and fEaréd adulfs.

A summary comparing ﬁhe relative'abundance of Hellichiella
larvae and other simuliid species from Renadalen and Asmyrtjﬁrna is
shown in Table 12. Hellichiella spp., primarily H. near dogieli in
1980 and H. rendalense in 1979 were more abundant in Renadalen bog
than in Fhe iaauing streams. Hellichiella spp. were not found in -two

samples taken June 5 and 13, 1980 from stream 15 nor in_one sample of

. ' v - j
June 6 from the_Renga river, indicating that these species are absent

from streams not origihating directly froii bégs. One sample of 155

third to sixth instar larvae taken from Ren3dalen bog 2 on June 15
containéa 63.6% of Hellichiella 8pp., and 36.4% ;;_vernuﬁ,s.l., thus

confirming that bogs in Ren8dalen are the primary breeding sites of
S

. 0
Hellichiella. 1In Asmyrtidrna, Hellichiella larvae were generally more

abundant in the middle than at the periphery of the bog; specifically,
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H. pear dogieli occurréd'preferentially in mid bog while H. rendalense
occurred prim.ari.ly at the ecfige, indicating_ a microhabitat preferer_xce
by these two sp_ecies. f_l_.‘crassm (Rubtsov) is also a peripheral bog
species whose larvae begin to deve}op in early July, after the other
Hellichiella species haire near]_.y complf:tec.l éupatingl H. crassum has
not been considered further in this thesis, sincé: cytotaxonomically

it is not in the same group %s the other species studied.

~ -
t
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Larval Drift

' Onl;\four tests on larval drift at the edge of Renadalen bog

were obtained from June 14 to 18 before flood waters prevented additional

\ sleve exposure. The‘resulfs, presentéd in Tﬁble 13, show that Hellichiella

[

spp. and other simuliids drift downstream from tdhe bog as young and mature

larvae. Five times more last instar larvae of H. near dogieli than

H. rendalense were caught drifting from the bog This occurred during
:‘the period when water volume flowing from the bog and streams was reduced

by drought to 2 minumum of about 60 litres/min. The larger proportion

of drifting H. near dogield larvaé may be related to the larger lgfval

population of this spe;ies in 1980 (Table 8). Furthermore, the fewer

puﬁae and reared ‘adults of thia'species”ig\felation to H. rendalense

from both major bogs may reflect the effect of & higher propensity of

-
g e gt gt - p e e e

H. near dogieli to drift. This is the more surprising when realizing

e

that, in Asmyrtjarna bog, H. near dogieli occurred preferentially in

mid bog seepages (Table 11) where larvae would be expected to be less

VA T ey,

likely swept into drainage streams at the edge of the bog. Conversely,

the smaller number of H. rendalense larvae cﬁught in the sieve indicates

V. et e
-

. a relatively lower tendency of this species to drift. This differential

-

’ ) -

larval drift ma§ reflect the occurrence of H. rerndalense larvae primarily

ey

at the edge of the bog (Table 11), thus separating these two species.

% into two different microhabitats. - . ~
1 ) - . o : : .
g - Larvae of St. duodecimata, E. vernum 8.le, 5 -~ N

R 4
S. noelleri and E. aureum were also found to drift from the bog (Table 13).

Larvae of E. vernum comprised the largest proportiom of the seven specles,
found in the drift saﬁpleé.r Coﬁsidering that this was only the second

't

most numerous bog species (Tables 6 and 10) the many larvae caught

¢
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drifting from gEE"E;g reflects this species' high tendency to disperse

-downstream from its breeding site. The lower proportion of E. aureum -

and S. noelleri larvae in the drift samples may be related to the smaller
b ~

incipient population of these two species in mid June

-

Larval Density e

R

Assessment of 1arva¥ﬁdeﬂsit§/et the edge of Renfdalen bog and
ensuing streais is~reﬁotted in Tables 14, 15 and 16. The numbers of

larvae of each specles from each strip shown in the above tables were

_ divided by thé surface area of the strip (25 x 1.2 = 30 cm ). The

results are presented in Figs. 7, d,_b, 10 and 11, and show the spatiel
and seasonal distribution of larval densities of each species or aﬁecies
complexes. The values for each sempliﬁg'date et the bog origin are |
ave;eées of_the numﬁer of Iarvae/cq? collected on each of the six strips.
The values for each sampling date and site at 10 m, 20!m, and 30 n;
dowhstream from the bog are avetgges of larval deneitieh from two strips;

one each from stream 13 and 14, at each distance from the bog. The

N\
absence of larvae on the strips on June 21 is associlated with the five

days of coptindﬁs rain which reflooded the‘bog and streams. The resulting
increase in water flow and current.above.the optimal limit fotLEhe gpecies
(Fig. 12) flushed the larvae from the edge of the bog and prevented their
reattachment further downstream. Although a few larvae remained on
submerged-vegetation in the tog, their deneity was significantly below
that of the pre-flood ﬁétiod; Other workers have found that rainfall

difies stream discharge and the resulting changes 1n discharge affects

-.:5,\ T

* rates”of larval colonization and detachment. This influences" directly

estimatee of simnliid abundance (Carlseon 1967; Disney 1972 Merritt

et al. 1978; Pegel and Rihm 1976; Ross and Merritt 1978) .

LI
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; Larval density of H. rendalense and H. near dogieli combined
? was highest.in the'bog and became lower downstream (Fig. 7). The ' v

4
'density in the' bog increased gradually dur%ng the season to a maximum

. average of 4. 0+1 larvae/cm2 on Jine 18 and decreased therafter to, 1eas

»

than 1 larva/cm ; after July 15 no more Hellichiella larvae wgre/found
. on the strips Thié gradual increaae in larval density is attributed
to three faetors. 1) The firat collection was made with whole or

~ B N + .
: unfrflled rubber strips which were less efficient for attacﬂﬁbnt-of

B T Y SR TPy

1ar'vae than the modified frilled strips used for aubseqnent tests,

Higher densities of larvae on narrow strips tham on wide cnes has been

observed also for other simuliid species (Pegel and Rﬂhm 1876).

L4

2) Increase in number of larvae 1n alI atages of development. The

”

first two collections from June 5 to 8 contained all young larvae, up

" to the aixth ingtar, which are more difficult to colleét,while on June 18‘

¥
1

when the first Hellichiella pupae were collected, nearly 501 of larvae

~

enpraT T A T TR PET TTTA  3

were in the last instar, sthe rest being in the fourth to sixth instars.
Larval inatare'were'diatinguiahed by the size of the head capsule,
following Fredeen (1981). 3) Increase in concentration of larvae near
the edge of the bog, related to a deerease in water flow from the bog

during the dry period of Jume 7 to 18 (see ébove). By, contrast the .

. density of” larvae in the drainage atreama 13 and 14 below the bog was
conaistently less: than 1 larva/cmz.
‘ Larvae of B. vernum s.1. alao occurred in hiéher density in '
the bog than in the drainage-streams below the bog (Fig. B)ﬂ A peak
of 3.3 1arvaelem2 occurred around June 12, nearly one whek before’ the

peak reache& by Bellichiella larvae. However, the deneity;of E; vernum

? ol 1i'_ 1arvge below.the bog was eomparatively higher than those of Hellichiella.

-
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Figs. 7.-to 11 Spatial and seasonal distribution of simuliid larvae
(third to last instars) at the edge of Renadalen bog
and 10 m, 20 m and 30 m downstream from the bog.
Larval density at each point is based on the averagge
number of larvae collected on six strips in the bog
and two strips, ome each in stream 13 and 14, at
each distance downstream (see Tables 14, 15 and 16).
Note, the absence of larvae on 21 June is related
to the five days of rainfall that flooded the bog
and streams (see text).

Fig. 7 H. rendalense and H. near dogieli larvae combined.
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Fig. 8 Spatial and seasonal distribution of E. vernum s.l. larvae.
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This reflects the higher tendency of E. vernum larvae to drift from the
L]

bog (see Table 13) and their relatively greater tolerance for higher

water currents (see next section).

Current Preferénce

The relative abundance,of lervee on strips-exposed in differeﬁé
vater currents at tfie edge of Renddalen bog are reported in Tables 17
and 18 and illustrated in figs. 12, 13, 14 and 15. In generel;species
of Eusimulium s.1. showed siﬁilar preferences,-with_peak abundance-
occurring in water currents of about 20 cm/eec. In ﬁarticular, 23% of

larvae of H. rendalense and H. near dogieli combined occurred in currents
. \ . . .

of 0 to 10~cm/sec., although no larvae were found filter eeding_
completely stationary water. The lower ﬁfeportion of larvae of bo
_ E. vernum s.1. and E. aureum in. currents between 0 and 25 cm/sec. re leaip
‘their tolerance for a wider range in water current. About 25% of '

E. vernum end 23% of §+ aureum larvae occurred in currents of 56 to -

60 cm/sec. compared to a negligible 0.5% of Hellichiella larvae. Byh
contrast, larvae of S. noelleri showed a specifically Eifferent cureent
prefErence. Larval density of this speciee was directly related to

water current; only about 2% occurred in currents of 0 to 10 cm/secli

about 23% in 15 to 25 cm/sec. and about 75% in 50 to 60 cm/sec.

requirement for high water current restricted S. noelleri larvae at

ENRERR Ser

Comemal o el arbaae o an

L P S
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water currenés afe generally lower”tgpn at the bog's edge.
‘ Thus, current preferences may réfleét, in general, thé
distribution of larvae of sympatric species in particular microhabitats
-.in the bdg biotope. Larvae of Hellichiella species, with lowest current
| prefergﬁces, develop épecifically in the bog, and occur in firsé order
streams draining the bog only secondarily as larvae drift from their
primary habitat. Larﬁae of E. vernum s.1., with a higher tolerance
for water current, occur at the edge of the bog and actiﬁely migrate
to streams draining the bog. E. aureum and S. noelleri are also sympatric
but bothwdevélop about one-moﬁthllater than the other two groups of
species; their lérvaé are separated in microhabitats with water currents
optimal for the s;;‘ecies. 'Seve;:al workers have reported that water
_speed is one of the most important ecological factors influencing the
.. distributig;-and abundance of simuliid larvae and pupae, mainly because
water currenf carries fopd, supplies oxyéEn and help larvae migrate.to
- more suitable sites in their habitat. (Wu 1931; Dalmat 1955; Carlssen
1962, 1967; Usova 1961; Hynes 1970; Colbo and Moorhouse 1978; Gersabeck
and Merritt 1979; Mohsen and Mulla 1982). Therefore, factors that
minimize competition for food and space among aquatic stages of Hellichiella
and other bog~sp;cies include li' microhabitat specificity related to

water current preferences of 1afvaa, and 2) differences is seasonal development.

‘Foreadditional evidence of seasonal succession of bog simuliids,

1t woild_have been desirable to a@alyse the emergencéggage collections
of adultg from Rengdalen. HBowever, the data fgomrlarval and pupal
cél}ectiohs presented jn this thesis give sufficient evidence to show
that abundghce offdifferent species depends on microhabitat and seasonal

development.
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Figs. 12 and 13 Abundance of larvae (third to last instars)
of H: rendalense and H. near dogieli combined |

(Fig. 12) and E. vernum s.1. (Fig. 13) relative : i
to water current in Renadalen bog. (See T~
Table 17) .
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Figs. 14 and 15 Abundance of larvae (third to last instarsd

of E. aureum (Fig. 14) and S. noelleri (Fig. 15)
relative to water current in Renada

var

13

(See Table 18)
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Geographical Distribution

Occurrencé of Hellichiella spp. in Ontario and other Régions.‘

The relative abundance'of larval simuliids in bog-like habitats
in southern Ontario is reported ié\(3315—19. Ewo of the 16 sites examined
are shown in Figs. 30 and 31.. These sites are desqﬂgﬁed in terms éf
water quality, reported in Table 20, and type of végetationﬂfor two
typical sites, repor£e§ in Table 21. The 16 sites examined for
Hellichiella 'spp. consist of small marshes with surface water drainiug
through seepages (5-20 cm deep and 30—50 cm wide) containing simuliid
larvae in water current of(l to 30 cm/sec: These sites are generally

fed by snow melt water and, in the absence of tecurrent.rains, normally

become dry before early summer. 1In May these marshes are focal breeding

sites of Aedes (Ochlerotatus) mosquitoes and some species of Anopheles

. in summer after reflooding by rains. During May overwintered females of

Anopheles earlei Walker were frequently netted while attracted to the author at

these sites. These wetland habitats where Hellichie;laiand other
Eudimulium species were found, are typically small (10 to 50 m2) in southern
Ontaric, often éppearing as roadside,gtainages covered with emergent vegetation.
Unlike the more extemsive bog habitaés in higher latitudes, as in Norway:

;hese southern miniatu;e wgtiands generally lack Sphagnum mosses. Notable
differences'in water quality of sites in southern from those of central
Ontario were in pH, conductivity.and concentration of cations (Table 20).
Water samples from the- Bruce Trail (Hamilton) Bruce Peninsula ang
Caledon had nearly neutral pH, and relatively higher conductivity ‘and
cation concentration, reflecting their location on limestone region of
southern Ontario. In the other sites in Muskoka and Algonquin Park on

L
the Precambrian shield, the water is typically acidic and conductivity
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and concentration of cationo corre3pondingiy lower. Water samples of
rivers from ﬁlgooouin Paci were included (Table 20) as examples of‘
habitats ?ith water quality similar to bogs in tﬁis region but lacking
species of Hellichiella.

| " The 14 species of siﬁuliids found in these bog seepages (Table 19)

include H. anatinum, H. innocems, H. excisum and H. rivuli. These

Hellichiella species occurred in relatively low concentration in 13 of .

the 16 sites examined. H. anatinum was found exclusively on the .

Prccambrian shield north of ﬁuskoia and comprised 2.0% of the 13 spccies

from that region; H. innocens andlgL excisum occurred primarily in the

limestone region south of Muskoka and comprised about 3% of 10 species,

: while H rivuli comprised about 2% of the specles south and about 6%

- north of Muskoka. , v
The influence, if any, of water chemistry on the distribution .

of Hellichiella species in bog habitcts-remains to be determined. Theé

ubiquitous occurrence of Sphagnum mosses in_bog habitats of these species 1 “

in Norway is significant. These plants not only regulate the hydrology
of these bogs by their great capacity to hold water, but Sphagna have
-also a high capacity to extract small quantities of nutrients in the rain
that falls on them, giving up hydrogen ions in exchange. Thua, they ,
.accively acidify their habitat'(Waiker;1970, in Barber 1981). .
| However, the dominant:kactors which,reflect the distribution
of chgse species are oiotic and pﬁysical, as in other simuliios (Ross and
Merritt 1978; Carlsson 1972- Usova 1961 Colbo and Moorhouse 1978).

Low water volume andcurrentare the most obvious factors
assoclated with immature stages of Hellichiella in Nomvay. Additional - : ) -i

" L. N W
observations in Omtaria indicate that $imilar species are.lio}ted to '
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bog seepages’ also by these two factérs. In Eﬁgland H. latipes is
confined also to shallow marshy seepages with sluggish water curreat

(\%Fig. 32 and Table 22). This type of habitat -is similar to that reported
by Doby et al. 1958 for, this species in France. They found fortuitously
larvae of H. latipes (their subexcisum) in nearly standiné water,

associated with mosquito larvae of Aedes (Ochlerotatus) spp., Culex BPP.,

Theobaldia spp. and Anopheles maculipennis Meigen. Additionally, larvae -

~

and pupae of H. saccai were initially found fortuitously among decaying
vegetatiqn in nearly standing water, by ﬁrof. G. Sacca, during an
ecologicai stiudy of residggl Anopheline mosquitoes in the Agro Pontino
region of Italy (Rivosecchi 1967, 1978).7 Iﬁmature stages: of H. dogield -

have been reported to o@qur in streams with éibeptionally faster water

current of 30-50 cm/sec, in north-eastern Eurépe (Rubtsov 1956; Usova 1961).

However, this ﬁay reflect collection of this ppécies in drainage streams,

as' they were found on stones and grass, rather than from bog se;égges._
It should be noted that Hellichiella species are not unique

among simuliids in their requirements for 1ow watdr current. .Most species

of Eusimulium,Greuiera and Parahelodon also.occur in shallow seepages with

low water current, as observed during this study and by othef workers.

Species of the E. aureum group are generally adapted to seepages with

-

-nearly standing water. One of these species, E. galudiéﬁlum.Rivéaecchi
bears witnéss to its adaptation to marshy habitats (Rivoaecchi 1978)
In the Ethiopian region S ruficorne Maq. also occurs in shallow streams
with slow moving wa;er (Van Someren 1944; Freeman and DeMeillcn 1953;

Crosskey 1960, '1969). S - -

Ho&ever, the significance of adaptation of Hellichiella species
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to slow water current is related to the dist%ﬁytion of certain species,
such as H. rendalense s.1. and H. anatinum, in e#tensive sedge-Sphagnum
bogs in the Boreal region which are génerally unknown as primary habitat
2
of simuliids. Studies ‘on distribution of simuliids in the subarctic and
Boreal regions do not refér specifically to bogs as habitats of these

insects (Rubtsov 1959-64, 1973; Usova 1961; Shewell 1958; Downes 1965;

Peterson 1970). Twinn (1936) shows .the habitat of H. excisum (his

subexcisum) as a shallow Stream, about 1 m wide, draining a raised bog,

but appérenfly was unaware of the bog as a potential breeding habitat.’
These wetlands cover extensive areas in this region (Fig. 33) where
annual precipitation.exceeds evaporation and the flat land topography

retards water drainage (Sjérs 1961; P’ yavchenko 1958 Romanov 1961;

- Radforth and Brawner 1977; Jeglum et al. 1979). 'These rain-fed or

ombrotrophic bogs in the U.5.5.R. cover an areaof about 71.4 million
acres (m.a.), equivalent to about 70% of the world's total; in Canada

9.6 m.a., Finland 9.5 m.a.,.Sw;den 6.0 m.a., Norway 2.1 m.a..and south

central Europe the remainder”of about 2 m.a. (Romanov 1961). The extent

‘of colonization of these areas by Hellichiella Spp. can be deduced from

few available collection records listed in Table 23 and shown in Figs,
34 to 39, _

Of particular significance is tho distribufion of H. anatinum
(Fig. 36) which ia clearly centered essentially around the Hudson Bay
lowlands where.the: largest area of Sghagg bogs occurs in North America.

This is also the habitat of Opinaga new cytotype (see Chapter 1). In hisg
. . ;

ecological study of simuliids of Quebec, C. Back (pers.-oomm.) foﬁnd high

-~
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concentrations of H. apatinum larvae ;u certain bog sites.eas; of James
Bay. One collectiom %rom Opinaga in Hey 29, léfB consisted of‘662

| H. anatinup and 33% N. vernum; this'groportion is similar to that of
related species from bogs in Reudaién. This and other distribution
records of Hellichiella species‘ffoﬁ'nurmansk, Ural-0b River basin and
Novosibirsk Siberian wetlands (Rubtsov 1959-64, 1975;¢Usova 1961;
Patrusheva 1962, 1971) indicate that the ombrotrophic peat bogs.of.the
Boreal‘region contains the largest concentration of Hellichiella'species:

‘éouth of this region, in both Neh:ctic and Palaearctic, most species

occur in small isolated habitats which, due to diier ¢limate, are mere'

vestiges at the fringe of the more extensive bogs in higher latitudes.

N Distribution and Habitat Specificity Related to Host Specificity
In addition to being habitat specific, certain species of

. Hellichiella, whose feeding habit ef females is known, are also host-

specific, feeding either on woodland birds or aquatic birds (Bennett 1960;
Anderson and DeFoliart 1961; Golini 1975; Herman et al. 1975). In South-

Central Ontario; Michigan and Eastern U.S.A. species of Heilichielle

knowq ﬁo feed on and transmit Leucocytozoon simondi to ducks and geese'
are primarily H. anatinum (Bennett 1960; Fallig and Smith 1964; Fallis
and Beanett 1966; Andersqn 1968), H. innocens (Herman et al. 1975;

Tarshis, pers. comm.} and H..Congareenarum (Stone 1964' Stone and Snoddy

1969) The incidence of females of these Species feeding on these birds .
is generally low at these latitudes (Fallis and oth gg“}era. comm. )
icompared to the much larger ﬁumber at higher latitudes (Golini 1975).

. )
This is attributed to the fact that bo;h simul@ide B?S hosts are more

|

B U O g . -

iy e - - -
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numerous in the Boreal region and reproduce in the same extensive bog
‘habitats. In Rendalen, Ksmyrtjarna lakelet on the upper reaches of the
bog (Figs. 1 and 2) contains in the summer flocks of reproducicg ducks
and other aquatic birds during the. emergence period of H. rendalecse,s.l.
Birds seen and kncwn to nest in this bog (A. Kiaer, pers. comm.)

include ducks such as the gplden-eye‘gpcephala clanguia clangula, the osprey

Pandion haliéius heliérus and waders such.as Charadinus apricarius,
A A LN

Calidrius alpina and Tringa nebularis.

The occurrence of L. simondi in domestic and wﬁ}d ducks in
this region (Eide et al. 1969; Eide and Fallis 1972) shows that these
simuliids feed on wild aquatic birds in this reéiou as they do on
domestic-ducge,(Golini 1975). -

The open wetle;ds of the Boreal region of North Americanlare
* the primary reproductive habitats and summer feeding grounds of flocks
of ‘ducks and geese, such as Canedargoose‘(Brante canadensis) (Fié. 40)

o

black duck (Anas rﬁbripes) (Fig. 41) apd common golden-eye (Bucephala

' clangula americana) (F;g. 42) (Bellrose 1976). . This breeding range

corresponds with the known distributidn:of H. enatinum (Fig. 35) including
H. innocens and Opinaga sibling in the bogs’eround Hudson Bay lcwlends _
and of H. minus (Fig. 39) in the west. The first two of these simuliid
'species are known indirectly to feed on the Anseriforues of this region

by the occurrence of L. simondi in the young of these birds (Laird and

| Bennett 1970; Bemnett agd MacInnes 1972). Interestrngly,Downes (1965)
indicates that simuliids in the tundra are adapfted, as adults, to £ly

close to the ground to minimize the resistance of wind. In fact, low
flying 1s inpereji also in the host-seeking behaviour of duck-feeding -

R L T SrY GNP,
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simuliids, such as H. anatinum and H. rendalense s.l1. (Fallis and
= arat aum f. IEnda’ense
Bennett 1966; Golini 1975). Thus in the open Boreal wetlands this low

flight imparts-a double advantage in these ornithophiliec simuliids.

Eonversely, the distribution of the autogenous Hellichiella species,
H. drassum and H. baffinense, in subarctic wetlands also réiects their

adaptation to this biotope by their loss of the host-seeking flight

-

Furthermore, the distribution of Hellichiella spp. is linked
A'g .

also with the migration routes and winter feeding grounds of various

aquatic hosts. Particularly, the distribution of H. congéreenarum

‘along the south-eastern states (Fig..37) and rhar of H. minus in the

west (Fig. 39) clearly reflects the migration routes and winter feeding

ranges of severa; specles of aquatic birds (Belbrose 1976). Thus, the

low incidénce of Hellichiella spp..in southorn Ontario is reélated oot

only to the fewer suitable breeding habitats but also\to fewer hosts

which migrate from or briefly stop in transit in this region. The comments

of Rivosecchi (in litt.) are notablel He inferprets the occurrence.of ‘

.H..saccai in the Agro Pontino region as an iJLlated case of a habitat

. .linked with the migration routes of aduatic birds vhose normal breeding

grounds are in northern Europe ‘and winter feeding'habitats in North Africa.

& Since avian hosts of H. saccai and H, latipes are not known, their geo-

! graphical distr}bution, and also that of* H. rendalense s.1l., in’relatio%“
to.their hosts romains to be determined. Howeyor, the ocgorrence of |

S

L?¢ simondi in wild ducks, Anas crecca L. and A. platyrhynchos L., in Rendalen

(Eide et ail—lggg) ihdicates not only that these birds are normal hosts of

and breeding habitats.

5Lz
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The Palustrine Biotope, “the Unifying Factor

in the Epizootioloéy of Haemobporidia

The association of Hellichiella species and other simuliids

with bog habitats brings these flies closer ecologically to mosquitoes

and other biting flies which normally breed in bogs and marshes., Particularly,‘

dertain species of Anopheline mosquitoes, such as Anopheles freeborni Aitken,

are known to breed in marshes with some water current (Bates 1954; James and
Harwaod 1969). Species of thia\subfamily of moequitoes are also known-vectors
of'élasmodium. The mein vector of malaria in the Philippines, é, minimus
Theobalq, breeds in small flowing streems in the foothills (Russell 1932,
in James and Harwood 1969). Therefore,-certain'species of both simuliids and

culicide are adapted in the ecotone between lentic and lotic habitats.

Significantly, these nematocerous flies not only breed in similar habitats,

but they are also capable of transmitting naematozoe parasites: Leucocytozoon

8pp. by simuliids, crnmarily Hellichiella spp. (Fallis and Bennett 1960;

. .Anderson 1968; Eide and Fallis 1972; Herman et al. 1975; Golini 1975) .

., -gnd Plasmodium spp. by Anopheles spp. (Jueed 1952; James and Harwood 1969)..

In addition, some speciee‘of biting midges (CeretOpogonidae) which alsc breed
in bog-like habitats and shallow edgea of. streams, are vectors of Akiba

and Parahaemoproteus (Falliis and Bennett ‘1960; Bennett et al. 1965)

. ability of these insects to transmit these blood paraeitee indicates that

S

the breeding habitat may be thé unifying ecological factor in the epizoo-

-

tiology of haemosporidie This suggesta the the corollary that haemosporidia

parasites evolved in the’ paluatrine biotope in asgociation with nematocerous

.

flies, through a monoxenic Coccidia ancestor, some of which became vectors

L .

to vertebrate hosts.

.
. .
-
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Table 21. Végetation occurring in two small bogs in southern Ontario

during late sp}ing and summer where Hellichiella spp. were collected.

1

Bog 1. New Griffin, Hwy #11, ca. 15 Km south of Huntsville

: Equisetaceae
Equisetum arvense

Alismataceae
Sagitteria latifolia

Balsaminaceae . °
. Impatiens capensis

Compositae . o
Aster simplex
Bidens cernua
Solidago graminifolia

Cyperaceae
Carex lurids
Gramineae L
Glyceria canadensis

Leersia oryzoides
Phalaris arund;naceag

Juncaceae
Juncus effusus

Lablatae
Lycopus virginicus _
Leguminosae . L . ' o : !
Lotus corniculatus

Myricaceae
Myrica gale

. Polygonaceae
Polygonum hydropiper

Rublaceae
Galium boreale -
.G. tinctorium

Sparganiaceae
Sparganium chlorocarpum

Shrubs and Trees : : :
Betula sp. ' ' :
Salix sp,




Table 21. (cont.)
—
S

Bog #2. Bruce Trail between Hamilton and Ancaster
!

N

Equisetaceae |
Equisetum arvense

Cyperaceae
Carex cristatella
C. retrosa
Eleocharis palustris
Scirpus atrovirens’

Gramineae
Elymus virginicus
Glyceria canadensis
“Phalaris arundinacea
Phleum pratense

' Compositae
Cardus acanthoides
Solidago graminifolia

Lemnaceae
Lemna minor

Onagraceae
.Epibolium palustre

Ranunculaceae - -
Caltha palustre ;
Typhaceae
Typha latifolia
Shrubs and Trees

Betula sp.
Salix sp.

194
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Table 22. Some more common vegetation from the breeding habitat of

Hellichiella latipes from Knebworth, Susgex, England in mid August 1980.

Species
Dioscoraceaé '

Tamus commtnis L.
Gramineae

Phragmites sp.

Lemnaceae .
Lemna minor L. N

Onagraceae
Epibolium hirsutum L.
E. angustifolium L.

Polygonaceae

" Rumex hydrolapathum Hudson

Ranuncﬁlaceae
Ranunculus aquatilis W
Rosaceae
Rubus fructicusus L.
Rubilaceae
~  Galium aparine L.
' Solanaceae
Atropa bella-donna l.
Unbelliferae

Anthiscus sylvestris (L.) Bern.

Urticaceae ‘
Urtica diodica L.

Common Name

-Black Briony

Grass
Duckweed

Great Willow Herb
Rose-Bay Willow Herb; Fireweed

Dock

Water Crowfoot

Blsckberfy

&

.. Goose Grass -

Deadly Nightshade
Cow Parsley

Stinging Nettle
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//’ )
N Nawfoundland

|~ - Peatiand damimnt.

Peaclands large and abundane

==Z— The rame, but distribution mere !o:a.l
\ — NS / \/

Fig. 33. Polar projection o!gz;rthlands showing areas of abundant bogs

and peatland in the Boreal zone; transational regions reach
the broken lines.

(Reproduced from Sjdsrs 1961. Endeavur 20, p. 220, Fig. 13)

This zone includes the largest habitat area of ﬁellichiella BPP.
and other bog simuliids, and corresponds to the northern
breeding habitat of aquatic bird hosts.

—



Table 23.

Geographiﬁal Distribution of Hellichiella species of the

EUROPE
Species

dogieli Rubtsov

near dogieli
‘fallisi Golini '

latipes Meigen
(syn. subexcisum Edw.)

rendalense Golini

saccail Rivosecchi

zerbgzzi Edwards

.
Locality

U.5.5.R.
Karelia

Urals, Ob R. basin

Finland
Enontekio
Finnish Lapland

. Norway

Norway .
Rendalep

Norway
Rendalen *

Great Britain

France :
Poitier, Rambouillet,
Le Plessis~Trevise

Belle-Ile, Queberon

Norway
Rendalen

Italy
Lazio

LY

England -
France 7=
U.S.S.R.

EKola Pen. ?
South Yamal

197

Reference

Ussova 1961
Rubtsov 1959-~64, 1956
Patrusheva 1962, 1976

Kuusela 1971

“

Raastad & Davies 1977

‘Golini 1975, 1982

Golini 1975, 1982

Edwards 1915

L. Davies 1966, 1968
Crosskey & Bass pers.
comm, 1981-82

Grenier 1953

Doby et al. 1958
Golini 1975, 1982

Rivosecchi 1967, 1978,

" pers. coum,

Edwards 1920
Greniler 1953

Rubtsov 1962
Patrusheva 1?71

~




Table :23. (coﬁt.)

/

HORTH AMERICA
Species

anatinum Wood

Opinaga

congareenarim Dyar & Shannon
.’\-

congareenarua 'b’

excisum Davies,Peterson & Wood

Locality

Canada
Goose Ba&, Labrador

’ Churchill, Hanicoba_

Quebec, Ungava Bay
Opinaga, Montreal
McConnell R., N.W,T.

Ontafzj
Vancouver Is., B.C.

el

Maine
New Hampshire

Opinaga, Quebec

U.S.A.

North Carolina,

N.Y. Island, Virginia,
Gonnecticut, Georgia,
Louisiana, Florida,
Alabamg,_Delaware
Canada

Ontirio

. Ontario

) ' W

Canada
Ontario

Quebec

Newfoundland

198

Reference

- Shewell 1955.

Dunbar 1962, 1967
Laird & Beamett 1970
Back & Harper 1978

"Bennett & MacInnes'72

Wood 1963, Wood et al
1963, Golini 1982

Mahrt J.L. pers. com.

Bﬁuer & Granett 1979

J. Burger pers. comm.

Golini 1982
(C. Back coll.)

Dyar & Shannon 19%7
Jamnback & Stone 1957
Stone 1964

.Stone % Snoddy 1969

R. Lake pers. comm.

Davies et al.1962
Wood et al.l1963

Dunbar 1962, 1967 -

&
2

Twinn, 1936, Davies
et al.1962, Wood et
al. 1963, Golini 1982,

' Dunbar, 1967

-y

Back & Harper 1978,1979

Lewis & Bennett 1973 .-




Table 23. (cont.)

NORTE AMERICA

Species

/

ex;isuﬁ Daviﬁ%'Peterson & Wood

“\\innocens Shewell v

-

minus Dyar & Shannon

"W

199

A - —
€ :y' Reference

. Canada : ~
Kalso, B.C. Wood pers. comm,

U.S.A, - "
_Haihe - Bauer & Granett 1979
Michigan Merritt et al.1978

Canada Dunbar, 1967,

Ontario Shewell 1952, Davies

British Columbia et al.1962, Wood et al

1963, Golini 1982 -
. ~—

Opinaga, P.Q. ~ C. Back & Wood pers.
o comm.
U.5.4A.
‘Maine Bauer & Granett 1979
¥ichigan Herman et al.1975 7
Merritt et 5;11938 : i
U.5.A. | | : . -

Dyar & Shannon 1927 _
Stone 1952 S

Yosemite, California -
College, Alaska
Mescow, Idaho
Belton,.ﬂontaﬁa
Glacier, Washington ) .
Yellowscoqe Pk. Wyoming - '

Cana&a" .." ‘ . . \\
Cariboo, gritish Columbia Hearle 1932 a

Kalso, Vancouv. Is. B.C,Wood pers. comm ‘
Villimms et al. 1980

£

Canada
" ontario Twinn 1936, Dayies et
: al 1962, Wood et al.
U.S.A. 19?3, Folini 1982—
New Hempshire, Stone 1964
Connecticut, :
"Maine ".. Bauer & branett: 1979 i
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Table 24A. Species of Simuliidae Reported ir this Study.

Most of these species occur in the palustrine biotope except those marked
with an asterisk *. :

Palaearctic Region

Proszmlzwn
Prosimulium hzrfnpes Fries*

Cnephia - : ‘ _ , .
Metaenephia pallipes Fries* St ‘ .
Stegopterna duodecimata Rubzov & ' T
Gremem brachiata ?Rubzov (probable new entity)A - 1

E‘uszmulz.wn < S S '

Hellwhwlla dogzelt Rubzov ' ' '
near dogieli ?Ussova (probable new entity)

H. erassum Rubzov -

H. fallisi Golini

H. latipes Meigen (auct. 3ubea:c1,swn Edw.) '

H. rendalense Golini

#. gaccai Rivosecchi

. H. yerburyi Edwards d

- Parghellichiella:-armulum LunstrUm*

. P. anmuliforme Rubzov*

P, olonicum Ussova*
Nevermannia vernum ,8.5. Macqnart -
N. bicorne . Dorogostaiakii Rubzov and Vlasenko* . '

_Euemlzm aureum TFties . I
-Simulium :
Odagmia ornatum Meigen* "

0. rotundata zov &
t Argentisimuliim noelleri Friederichs,

*

.
ot 'Argentisimulézh’ﬁzgz;v and Yankovskyi, 1982
." 4 Species records new to Scandinavia - . ‘ '




Table 24B. (con't.)
Nearctic Region

Prosimulium - I -
Parahelodon gzbaom. Twinn ‘
P, decemarticulatum Twinn

Cnephia . -
Cnephia dacotense. Dyar and Shannon
Stegopterna mutata Malloch :
‘Greniera denaria Davies;Peterson and Wood

Eugimulium .
Hellichiella anatinmum. Wood
H. congareenarwm Dyar and Shannon
H. eongareenarum "b" (cytospecies, Dunbar 1967)
- H. -exeiswn  Davies Peterson and Wood .
H. innocens  Shewell ’:> '
H. minor  Dyar and Shannon
H. rivult  Twinn . .
H. Opinaga (cytospecies, new entity)
Paraghellichiella canomcﬁ‘lwn Dyar and Shannon*
P. elarum Hart*
P. euryadmmculwn Davies*
P. emarginatum Davies, Peterson and. Wood* C
" P; joharmseni . Dyar and Shamnon* - -
;?Jermarm'ba ‘eroxtoni Nicholson and Hickel
. Vernuwm s.l. -Macquart
Eusimuliuwm aurewn Fries
Simuliwnm :
t Archesimuliwm tuberoswum Lundstrém - -
Stmulium venustum Say

L

tArchesimiliuon’ Rubzov and Yankovskyi, 1982

" T
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SUMMARY

The relationship among simuliiq species in the genus Hellichiellé
from Europe and North America was studied on the basis of ﬁheir salivary
gland chromosomes, moxrphology aﬁd ecpiogy. .The-banqiﬁg pattern of
polytene chromosomes of eight speciés was examined and compafed with

that of H. congareenarum defined by Dunbar (1967) as the standard. Species

studied for the first time are E. rendalense (from Norway), H. latipes
(subexcisum syn 'from Britain) and H. saccal (from-Italy) and the
undescribed cytospecies "Opinaga" (from James Bay region, Quebec) and - S

H. near dogieli (from Norway) . H. gareenarum, H. anatinum and H.

innocens were restudied., These species are distinguished by the following

inversions relative to the standard.

4

1) H. anatinum: one fixed inversion, IIS-1, and the éex]
differential segments IJL-1 }Xl) ;nd IIL-I 2 (xz) B L
. 2) "Opinaga" cytospecies: | with fixed inversions IS-l .
aasocia:ed with the sex differential segment IS-1,2 (Y); IIS-Z and IIIL-

3) B, ren@alense. with complexly rearranged IIIL-A,S;B‘andVJ'.‘.
_sex differential _éegmencs '115-3'(Y,), II5-3,4 (Y;), IIS-5 (%,) and IIS-5,6
%), " '

4) H. near dogieli: with fixed inversion IIS- 3 corresponding
to the Y differential segment in H. rendalense. - o ) ) R

5) z&_latipes: with f{xed inversions IL-1; complexly rearranged - - g

. .o \ . . '
208 |



" that of H. latipes.

209

' o . - e

-

1I11-9,10, 11 and the H-band at the base of IIS, expressed in chromosomes

.of female larvae (X:Hb ) but not in those of male larvae (Y:Hb ).

6) ﬁ; saccai: wifb fixed inversion IL-1; expression of the
: >

nucleolar organizer in. females (X:Nq+) but not in males (Y:NO™); Hb+/Hb_

" {s autosomal, and complexly rearranged IIIL-9,10,11 which is éimilar to

]

Furthetmore, preliminary evi@qnce-indiEates that H. yerburyi

is not a distincf spécies from H. latipes. It is concluded that H. imnocens

coﬁéorms in all respects with Dunbar‘s (1967) description and that the

! i
sibling distinction between congareenarum and congareenarum b’ is not

valid. The possibligzugfists that the IIIL-1.sequence of "Opinaga

" leads to the first step of the comploxly rearranged I1IL-4,5,8 of

H. rendalense, thus being‘phylogenetically intermediate between the

i

Palaearctic and Nearctic species .of Hellichiella

The genus HellicHIélla Riv. &Card is ‘redefined according to

its type Species H. saccai ‘and includes all the specles- examined cytologicelly .

in this study, as well as those included in Dumbar’'s (1967) congareenarum

éubgroup B. Thus this genus 1s distinguiahed morphologically and

edologically from the annulum-group sensu stricto which is represented

]

by the taxon Parahellichiella subg. n. Described for the first time

: are the larvae, pupae and males of H. rendalense and H. near dogieli,

and the female of H. near dogleli and pupa of H. fallisli. The female

\
and pupa, but not the male, of H. fallisi are distinguished from those

: N

of H. rendalense. ) -
These Hellichiella species are compared morphologically with

each other, ahd sister species aqo shown to differ by few but discrete

-

3

=5 b
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character differences. The original description of H. dogieli as .
reported by Rubtsbv.(1956) is reproduced in translation, and it is
concluded that a) this species is a senior homonym of H. dogieli sensu
Usova (1959), and b) H. near dogiell is different fﬁth both H. dogieli
(Rubtsov) and H. dogiell sensu Usova. ‘ B
The laruae and pupse of H. rendalense and H. near dogielil occur
in ombrotrophic, sloping sedge-Sphagnum baegs in Norway, developing in
shallow seepages with water current 1-30 cm/sec and temperature‘loo- 16°¢c.
This habitat is further descﬁ@&ed in terms of water ouality and vegetation
from the bog surface. H. rendslense larvae cccur nrimarily at the
bog's edge, while those of H. near dogiell occur normally in mid bog:
This-microhabitat preference substantiates the differences'betueen
theseESpecies confirmed by chromosomsl and morphological evidence. Data

-

presented on larval drift and water current and on microhabitat preferences

show: that water current is a msjor factor influencing microhabitat specifi-
city. Certain Sphagnum bogs~in‘Norway-are the source of Hellichiella

lsrvae and the origin of first order drainage streams which are secondarily

’

colonized by these and other simul{ids.
The' distribution of other Hellichiella species in Ontario and

other regions show that’ these simuliids occur in similar palustrine_

habitats._'Their.primary distribution is 1ocated-in the'boreal‘region, e

)

and is associated with the breeding and feeding habitat of aquatic bixd

hosts. Thesespecies, some of which -are known as vectors of Leucocytozoon,

-

are compared ecologicslhy for the first time with other vectors of

haematozoa,fsuch as Anopheline’mosquitoes and Ceratonogonid flies. It is

theorized that the breeding habitat is. the unifying ecological factor in

" the epizootiology of, Haemosporidia A list of species considered in this
thesis is given in Tables _24A and 24B,

L4
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Fig. 16

Fig., 177

View of Ak@rktrommen and Mistra river in Rendalen,
showing in the background the mountain ridge linked

“with Renaskarven -and Renafjellet beyond which is

situated Renaquen watershed. Note, the Mistra is
a third oxder river which, drains also the Renidalen

watershed through the second order Renia river.

+Other simuliids, but not Hellichiella, breed in this,

relatively large river, -e.g. Prosimuliunm hirtipes,

Metacnephia pallipes, Simulium austeni, S. ornatum,

S. rostratum. (Picture taken from As Gard)

View of .Renadalen watershed drained by the Renfa river
showing location of the bog (arrow) s@rrounded by
boreai forest_(cf.zF{gs. 20, 22 ). Notice,,other

~patches of treeless terrain in lower background have

‘various degrees of surfgce water drainage and are

poteﬁtial bregdihg.sitqs of Hellichiella. - In the far
background is Sélen mountain 1755m a.s.l. . (Picture

e e —— , .
taken from foot of Renafjellet, looking _east)
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Fig.”17
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Fig. 18 Upper séction of stream 12 vith emergence cage; source.

of the brook from Renadalen bog is hidden just behind
. bushes of Salix. Larvae and pupae of Hellichiella, occurring
sparingly on submerged stones and leaves, were found

initially in- this stream in mid June 1979.

) In‘absence
of rain water flow is reduced to an imperceptible S o

trigkle or it may desiccate compleféiy.

4
g
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Flg. 19 Mid section of stream 14 just aboge Renadalen road and

about 10m below the bog source, showing reduced water’

. - «level and stone bottom in early June when larvae of .
" Hellichiella are found on submerged stones. Incipient T
budding of Betula and Salix is concurrent with larval

development. The 40cm wide basin used to collecq rain-
water and the pH meter are shown beside the brook. Note,

after 40mm of contiruous rain, water volume nearly. over-
flows the banks of this brook.
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Fig. 20

Brigin of stream 13 at the edge of Renadalen bog in
early June, showing normal water level from a majof
seépage'flowing 5 to 30 cm/sec into tHe right branch
of the.stream. Larvae and pupae of Hellichiella are .

loosely attached on decaying sedges Just below water

‘surface. Initial new growth of sedges contrasts with

partly‘decaying old sedges accumulating over the bog
surface. The 30 cm wide brass sieve used for larval -

drift tests is shown with other collecting éﬁuipmenti

e

View of Renddalen bog, looking toward the lowéx"
‘periphery in early June. Note ‘the slightly raised

" and sloping surfacé‘govered with sedges, ericaceéous -

biants, few lichens - Cladina rangiferina-— on drier

" upper periphery (foreground), low palsa mounds mainly

of Sphagnum,30 to 50 cm high,and few dwarf piﬁe trees,

_The tops of twd,emg;gehhe cages in the ;ower‘backgrognd

are barely visible due.to the codvex,ﬁog surface.

~ (See Table 1 for a list of plé%ts indigenous to this

habitat). In far higher background is Renifjellet:
Mosquitoes (mainly-égggg Spp.) and‘b;ting m;dggg
(mainly Culicoides pulicarfs (L) and C. nr. impunctatus
Goefghebuer)* were collected at this and other sites -

in Rendalen while biting man in mid to late June

* ‘det, A. Downes . -

‘
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Fig. 20
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Images en couleur . .



Fig. 22

Fig. 23

I

Pe?ipherf of Renadalen bog .a origin of stream 13
(see fig. 20) looking toward the stream. Notice
fully grown sedges in early July and dense vegetation
of Betula and Salix at the edge of the bog and

beginning of the brook. The emergence cage is set

on the seepages shown in Fig. 20 . Darker upright
sedges Iin foreground were inundated by flood water,
in third week of June, which reache about 10m@_geptﬂ
above normal at this site.

v

Stream 13 about 30 m from the bog énd-juét below
Renadalen road. The stream bed is overgrown with.
vegetation and water in normal flow under the
emergence cage is barely visible. Larvae and pupae
of Hellichiella are relatively scarce on vegetation
trailing in the w&ter of this brook. In third week
of June 1980 flood water level reached 1/3 the height

of the cage which became nearly uprooted by‘thé current.
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Fig. 22
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' COLOURED PICTURES .



Fig. 24 Lower periphe{y of Renadalen bog showing drainage
brook leading into stream 13. Notice the brook in
full capacity at the end of June 1980 when water
had recedéd to 1/3 flood level after 5 days of

continuous rainfall (see text). .

Fig. 25 Lower periphery of Renaeelen bog showing the 30 to 60 cm
rhdee;; drainage brook in mid June 1980, before the rains,
barely flowing at 1/3 full capacity and nearly desiccated
compered to the period after rainfall (Fig. 24) The
" max,~min. thermometer used te monitor daily water
temperature is momentarily exposed on corner of

emergence cage.
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Fig. 24




Fig. 26 One of the 25 cm long- fringed rubber strips on which

simuliids were collected during larval density tests.

‘On the right is shown part of the sedge-covered

seepage in Renadalen bog where the strip was floating.
, N Jome pupae and 13rvaéﬂ!§1lected=on this strip are shown
' . fh the petri dish and in the ethanol vial respectively

or the left. (The fly, Eristalis Sp., was persistently

N . | attracted to the white plastic background while the
picture was ‘being taken.)

r ~

Fig. 27 View of Fuglasen plateau in far background where
Asmyrtjorna bog is located (arrow) ‘The picture was-
taken from highway #117 just before dgscent down the
mountain éhown in Fig. 16
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- Fig, 28 The lower edge of Ksmyrtjﬁrna bog in late June

-

Fig. 29

’\l

Bhowing seepages from raised upper level of bog

where samples of Hellichiella larvae weré taken

(arrows). Scarcity of pupae at these points indicates
that mature larvae may have drifted and pupated in the
flooded lower foreground just below the seepages.
Adult females of Culicoides pulicaris (L.) and C. sp.
near, impunctatus Goetg. were collected at this bog and
vicinity while bzting man in mid to, late June.

L

Hid Ksmyrtjnrna oog showing the 20 m long, 30 cm wide
and 20 co deep rill, in early June, where mid bog
samples. of Hellichiella were taken. This rill originated

just below a raised area of the bog saturated with

‘surface water, and &issipated into the ground about 20 m

.
farther down (on tlie right). The imperceptible surface

water flow stops completely in dry periods, but_somg bottom

flov from peripheral seepage was sufficient to -keep

larvae and pupae thriving. ?In he far high background. is
Renafjellet.) l
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Fig. 29
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. Fig. 30 The stream draining new Griffin "bog", 8 km south of
' Huntsville, Ontario. Hellichiella'larvae and pupae

occur sparingly on decaying sedges in 5 to 20 cm/sec
water current from early to late May. Note abundance
of sedges on margins of the 50 em wide stream. Some
plants from this habitat are listed in Table. 21.1In
the absence of -rain this stream desiccates almost

» ' - ' completely in mid summer.

2

Fig. 31 A rild 20 to 30 cm wide draining a cattail. marsh

Vo in Caledon, Oﬂﬁhrio, where H. excisum larvae and

. | ‘ pupae ocecur on vegetation in 5 to 10 cm/sec water
m/4//) current in early May. In May and June,this marsh e
harbours an abundance of birds, likely hosts of | -

excisum adults. _In the absence of rain the flow

PR TE YT

from this marsh stops completely in summer. .
In mid May overwintering females of Anopheles earfei
have also been collected around this site.
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Fig. 32

The habitat of H. latipes in Knebworth Wood, Herts.
England, showing thick growth of vegetafion covering

the stream which drains water from surrounding

farmlands. In mid August 1§80,,When the picture was taken,
only ; trickle of water remained and no simuliids

were found in the stream. Dr. R. W, Crosskey, in

mid background, has collected 1étiEes larvae .and

pupae in this stream in March. Some plants from this
site;ére listed in Table 22.
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Fig. 40,

o

Abundance ‘and migration’ corridors of Canada goose (Branta canadensis)

from the Boreal region breeding grounds—to southern wintering areas

‘ of Noxth America. The distribution of H. ‘anatinum, H congareenarum

and H. innocens, which feed on the Anseriformes, is reflected in the

: distributiodF;;L;hbse and‘othFr aquatic birds.
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Fig -. 41 (1 ,'.

Abundance and migration corridors of the black duck (Anas rubripes)

from the Boreal region breeding.grounds to the southern wintering
areas bf North America. The distribution of H. anatinum and H.”

congareenarum is reflected in thé distribution of these and

other ‘aquatic birds.
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Fig. 42. Abundance of the common go]bdeye duck (Bucephala clangula americana) i
’ in the Boreal region breeding grounds and-southern overwintering areas.
The distribur.:l.on of certain Hellichiella spp., primarily H. anatinum

and H. congareenarum. is reflected in the distribution of these and

other aquatic birds,
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