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Transantarctic relations of Diachlorini (Dip te ra : Tabanidae)1

A bstract. Diachlorini are d istributed  in  8 vegetation zones, b u t it is only in Neotropis th a t they 
occupy the entire environm ental range. Plesiomorphic, interm ediate and  apom orphic ch aracter 
s ta tes in Diachlorini were discussed. The definition of ancestra l forms is based on plesiom orphic 
ch arac te r sta tes. Their occurrence in A ustralia is indicated by interm ediate ch arac te r s ta tes  in 
east A ustralia and New Caledonia. A four-step sim ilarity analysis resulted  in  two clusters of 
closely related plesiom orphic taxa, one including Cydistom yia  Tayl. and  Nubiloides Cosc.&  P h il ,  
and the o ther w ith Cydistomorpha T ro j. as the basis for all o ther c lusters, b u t nearest to 
Neotropical Stenotahanus LUTZ-related taxa. Similiarity analysis confirmed the hypothesis of m uch 
closer morphological relations between South American and A ustralian  taxa, th a n  between 
A ustralian  and  South African ones. T ransan tarctic  hypothesis is confirmed.
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INTRODUCTION

Four isolated centres can be seen in the  to-day d istribu tion  of the  tribe 
Diachlorini s .s tr . (Trojan  1997}. Three of them  fit a G ondw anan d istribu tion  
p a tte rn . The only exception is two genera, D asyrham phis  E n d . and 
Philipomyia O l s ., occurring in the M editerranean Region. In com parison w ith 
„old” Lepidoselagini (Mackerras 1954, Fairchild  1969) Diachlorini rep resen t a 
younger b ranch  of the subfam ily Tabanidae, and  their taxonom ic position is 
n ea re s t to the  Tabanini (Tr o ja n , Iwan & W ytwer  1997). The new  division of
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1 7 0  P. Trojan

th e  s u b fa m ily  Tabaninae  (Tro ja n  1994) m a k e s  n e c e s s a ry  th e  r e -e x a m in a t io n  
of r e s u l t s  a n d  o p in io n s  c o n c e rn in g  th e  q u e s t io n s  of o rig in  a n d  m ig ra tio n  
r o u te s  o f h o rse -f lie s , a n d  a lso  th e  tim in g  o f th e s e  e v e n ts .

The d iscussion  on the origin of supraspecific taxa  of Tabaninae  h a s  a  long 
trad ition . H ennig  (1952) has  provided the  first outline of the problem . He 
supposed  th a t the  m igration rou tes betw een Neotropical and  Afrotropical 
horse-flies do no t ru n  across the  Atlantic. He also expressed  also the opinion 
th a t finding an  answ er for the  question of m igration chan n els  is necessary  
for recognition of the  basic system atic s tru c tu re  of the  family. Two su ch  
hypothetical channels  were proposed, the northern , or Lem urian, rou te, and  
the sou thern , or Antarctic, route. This concept was su b sequen tly  developed 
by O ldroyd (1957), who proposed two cen tres of evolution for Tabanidae  :

1. A so u th ern  centre with dom inating Diachlorini s. 1. includ ing  a 
conservative group, now know n as Lepidoselagini. This group h a s  undergone 
extensive rad iation  connected with northw ard-d irected  expansion , they  
invaded those areas and  settled tropics.

2. The n o rth e rn  centre was occupied by Tabanini and  Haematopotini. 
From th is  centre they invaded the Afrotropical, O riental and  also Nearctic 
regions.

O ldroyd’s concept can be defined as the bicentric  hypothesis. However, 
h is m ap (Oldroyd 1957: 52, m ap II) ind icates only one rad iation  cen tre  of 
Tabanidae  in tropical S outh  America, an area  rep resen ting  the h ighest 
taxonom ic diversity of the  family. H ennig’s opinion th a t a  high n u m b er of 
species canno t be accepted as a proof of the an tiqu ity  of the  group w as not 
taken  into account. Diachlorini, evidently belonging to the  so u th e rn  centre, 
after O ldroyd (I.e.) originated in South  America, and  by the tra n sa n ta rc tic  
rou te  invaded the so u th -easte rn  p a rt of the  Afrotropical Region and  so u th e rn  
p a rt of A ustralia. The no rthern  route th rough  A rabian P eninsula , India and  
in su la r  O rient to no rthern  A ustralia was used  only by Philolichini and  
Rhinomyzini, bo th  of African origin.

E xplanation of d istribu tion  and evolutionary events in the  so u th e rn  
hem isphere  is strongly influenced by paleogeographical concepts. All above 
trea ted  opinions are based  on the assum ption  of a stab le  position of 
con tinen ts. Actually, such  opinions as th is  of Hartmann (1986), th a t the 
G ondw analand d istribu tion  pa tte rn  hypothesis is only a probable 
specu lation  even if it takes into account resu lts  of paleom agnetic, p late 
tectonic and  deep-sea floor stud ies, are exceptional. At the  sam e time, in the  
first volum e of the „Fauna of A ustra lia”, Dyne G.R. & Walton D.W.(eds) 
(1987) and  a group of co -au tho rs broadly accepted the con tinen ta l drift 
theory as the  m ost probable basic concept for explaining the origin and  
com position of p resen t A ustralian  fauna.

The concept of a  stable position of con tinen ts co n stra in s  the acceptance of 
con tinen ta l bridges or corridors or the possibility of land  an im als living only 
a few days crossing  large oceanic barriers. An exam ple of such  difficulties is 
given by Mackerras (1961: 105), who com pared the horse-flies of New
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T ransan  tare tic relations of Diachlorini 171

Zealand and New Caledonia and  assum ed  an existence of a  Pleistocene land  
bridge betw een the two islands, w hich was necessary  to explain the 
occurrence of Protodasyom mia  End. on both  islands. However, the 
representatives of Cydistom yia  Tayl. live only on New Caledonia. It was 
therefore ind ispensable  to accept the  risky concept of a  one-w ay channel 
betw een these two islands.

For the sake of th is  paper 1 have accepted con tinen ta l drift events as a 
basis  for analysis of the d istribu tion  of Diachlorini. In m orphological analysis 
I have d istinguished  plesiom orphic and  apom orphic characters, especially of 
relict forms. Such  trea tm en t of the  m aterial enables the  designation of 
prim ary and secondary centres of their radiation. C hanging positions of land  
plates and  islands, together with changing  clim atic conditions in successive 
geological periods, allow m ore precise indication of p as t events in the  
evolutionary history of the group. An o ther m atte r of in te rest is the h ab ita t 
p references of several groups of Diachlorini. Their occupance of tropical 
ecosystem s seem  to be quite fresh.

In m any cases of evolution-related considerations on the  origin of 
Diachlorini. ancestra l forms are s itu a ted  ou tside the  area  u n d e r 
investigations. Such  procedure allows one to om it the  som ew hat com plicated 
analysis of character s ta tes  and  the definition of charac te rs  in the ancestra l 
group. It is, however, hardly possible w hen all tax a  belonging to a tribe are 
exam ined.

If we take into accoun t the sequence and  tim ing of the  G ondw anan plate 
b reak  up, and related environm ental events, and  if we accept a  view th a t the  
d issim ilarity  of related taxa  increases with perm anen t isolation, the  following 
w orking hypothesis can be proposed for the explanation of the  p resen t 
d istribu tion  of Diachlorini.

H y p o th esis . The degree of dissim ilarity  betw een the taxa  of Diachlorini o f  
G ondw anan origin should  be:

1. G reatest betw een M adagascar and  the rest of G ondw analand taxa.
2. Sm aller betw een the taxa  of India and  o ther p a rts  of G ondw analand.
3. Still sm aller betw een South  African taxa  and  those of A ustra lia  (and 

S outh  America).
4. Even sm aller betw een the taxa  of New Zealand (with New Caledonia) 

an d  A ustralia  (with South  America).
5. Sm allest betw een A ustralian  and  S outh  A m erican taxa.
T h is  h y p o th e s is  is  e a sy  to  falsify . A s im ila r  v iew  w a s  e x p re s s e d  b y  

H eatwole (1987) in  re la t io n  to  A u s tra l ia n  f a u n a .
The first point is to be rejected, because  there  are no Diachlorini on 

M adagascar. Two species of Tabanotelum  Oldr. occurring on the nearby  
M acarenes (M auritius I.) canno t be taken  as a proof of existence of a  h o rse ­
flies stop betw een Africa and  India because  these  islands of volcanic origin 
are  quite young, and  were formed in the process of sea  floor spreading. 
Therefore they could not serve as a refugium  for old African Diachlorini w hich 
sh o u ld  appear on M adagascar and Indian p lates before 190 or 140 Mybp.
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172 F. Trojan

The sam e is true  for Indian Cydistom yia  T a y l . ,  and  their re la tions to African 
Am anella  O l d r .  or A ustralian  C ydistom yia  T a y l .  need exam ination  b ased  on 
careful analysis of sim ilarity betw een the species of th is  genus. The la s t three 
po in ts of the  hypothesis are open for considerations.

The aim and  scope of the  p resen t paper is to perform  an  evolutionary 
analysis of G ondw anan Diachiońni, and  particu larly  :

1. to analyse their h ab ita t preferences and  d istribu tion  th ro u g h o u t the 
G ondw analand.

2. to exam ine num erical values of the  charac te r s ta tes  for the  pu rposes  of 
the  sim ilarity  analysis;

3. to define a set of characters  and  th e ir  s ta tes  a ttr ib u ted  to the  ancestra l 
form;

4. to indicate the  m ost possible place of the ir origin;
5. to d istinguish  a group of closely related  plesiom orphic tax a  on the basis 

of the sim ilarity analysis;

EVOLUTION OF" GONDWANAN ENVIRONMENTS

A review of the G ondw analand h istory  (Annexe 1) w as com piled from 
n u m ero u s  sources. It was subsequen tly  applied as an  environm ental 
background  for d istribu tion  analysis of Diachiońni. Most d a ta  concerns to the 
A ustra lian  Region. M uch less inform ation was gathered  on African and  
S outh  A m erican geological history, and  the d a ta  on the evolution of the 
A ntarctic environm ent are still largely covered with a th ick  layer of ice.

The occurrence of a large ice sheet covering a large p a rt of the  fused single 
G ondw ana sup erco n tin en t on the C arboniferous-Perm ian boundary  is a 
s ta rting  poin t for a  d iscussion  on the origin of the  land  b io ta  of the sou the rn  
hem isphere. At th is  time only the n o rth e rn  belt of A ustralia  an d  India, the 
n o rth e rn  half of Africa and  the entire no rthern  and  w estern  p a rt of S ou th  
Am erica were free of ice. C ool-adapted Glossopteris flora dom inated  on 
periglacial sw am ps, forming coal deposits. Progressive w arm ing of the  clim ate 
began in U pper Perm ian and  a soft to warm  hum id  clim ate dom inated  over 
all G ondw anan con tinen ts  th ro u g h o u t the  Mesozoic era. C hanges in climatic 
conditions are connected  there writh the  fragm entation of the  previously 
fused G ondw anan continent. An im portan t effect of th is fragm entation  is the 
closing of equatorial and  es tab lishm en t of so u th e rn  circum polar cu rren ts . In 
S outh  Am erica a secondary factor was the form ation of the  A ndean m oun ta in  
barrier. All these  events are ra th e r new  in G ondw anan history,, and  after the 
Perm ian deglaciation there were favourable conditions for the  sp read  of land 
insects over the whole undivided con tinen t. This is the  reason  for a ttach ing  
g reater im portance to the sea barriers, originating as a resu lt of the  b reak-up  
of the  prim arily undivided gian t G ondw analand, and  also in the  case of sea 
tran sg ressions, th an  to the differences in clim ate.

The fragm entation of the  G ondw anan plate (Table I) began 190 Mybp with 
the  separa tion  of M adagascar. Ten m illions year la ter G ondw ana was
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separated  from the no rthern  part of Pangea, nam ely L aurasia, by a large 
Tethys II sea. The separation of India took place during  the Lower 
Cretaceous, approxim ately 140 Mybp, and  of the whole African continent, 
120 Mybp. These dates are of great in te rest for tracing  the evolution of 
anim als. India, for nearly  95 My, and  Africa, for m ore th an  80 My, were 
separated  from other p arts  of G ondw analand, and  also from Europe and  
Asia.

Table I. Fragm entation of the G ondw analand th roughout of earth  history; 
I H m  fused continent, | | isolated lands or islands.

E xplanation of abbreviationss: Af -  Africa, An -  A ntarctica, Au - A ustralia, I -  India, 
M -  M adagascar, NC -  New Caledonia. NZ -  New Zealand, SA -  South  America.

No

9.

Period 
Perm ian to Ju rass ic

Mybp
2 8 0 -2 0 0

Ju rass ic 190
Early Cretaceous 140
Middle Cretaceous 120
Late C retaceous to Palaeocene 8 0 -6 5
Late Palaeocene 6 0 -5 7
Late Eocene 4 5 -3 7
Middle Oligocene 
Miocene

30
" 2 0 -1 0

An other im portan t event was the separa tion  of New C aledonia and  New 
Z ealand from the eastern  part of G ondw ana 80 -  65 Mybp due to the  
expansion of Coral and  Tasm an seas. They moved a long d istance away from 
the m aternal continent. New Zealand h as  rem ained isolated  till now. New 
C aledonia drifted northw ard, and there, in the  Miocene, it cam e into con tact 
with New G uinea owing to a chain of islands form ing a bridge th a t enabled 
the exchange of fau n a  (Tillier 1988).

The separation  of A ustralia from A ntarctica began in the Palaeocene 60 
Mybp, b u t the exchange of fauna was for a  long time possible th ro u g h o u t a 
T asm anian  bridge. Migration th rough  the so u th e rn  route was closed w hen 
the ice cap on the A ntarctica covered the entire  continent, which took place 
in the  Upper Miocene, several million years before now. The northw ard  
m otion of A ustralia resu lted  in a collision of the A ustralian  and  Asian p lates. 
In effect, some p arts  of northern  A ustralia  were subm erged, h u t o ther p arts  
of its form er no rthern  edge emerged. In the Miocene New G uinea and  m ost of 
islands constitu ting  recent in su la r O rient were formed. A u d l e y - C h a r l e s  
(1983) suggest also a transfer from A ustralia  to the Asian con tinen t of some 
fragm ents of land, nam ely sou thern  Tibet, Burm a, Thailand, Indoch ina and  
Malaya. I w ant here to indicate only th a t the  in su la r bridge enabling the 
exchange of fauna  betw een A ustralia  and  O rient was opened only in the 
Miocene, and  during  the last glaciation of the North H em isphere a  large land  
bridge was open due to the lowering of the  sea  level on the  Indian O cean and  
the  Pacific 180 to 100 m  below the  p resen t depth. The long isolation of 
A ustra lia  from India was in terrupted  for a sho rt period in Pleistocene.
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174 P. Trojan

HABITAT PREFERENCES OF GONDWANAN DIACHLORINI

The long-lasting isolation of the four areas settled  by Diachlorini exposed 
them  to different environm ental conditions. At p resen t they occur in  several 
vegetation zones, chiefly in ho t and  hot tem perate clim ates. In the Palearctic  
Region they  are d istribu ted  around  the M editerranean Sea, in the m acch ia  
vegetation type. In the O riental and  A ustra lian  regions they  livein m ore 
hum id  clim ate. The g rea test degree of differentiation is seen  s itu a tio n  we 
m eet in S ou th  America. The m ajority of species occurring  in the  N eotropical 
and  Nearctic regions are d istribu ted  northw ard  of the  line dividing A rgen tina 
into a  sou the rn  p a rt with m ore continental, tem perate  and  cold clim ates, and  
a n o rth e rn  p a rt m oister and  hotter, w ith prevailing tropical clim ates 
( F a i r c h i l d  1969, T r o j a n  1997). Among Am erican Diachlorini o ther th a n  those 
belonging to the C ydistom yia  series, 28 genera  with 342 species are 
d is tribu ted  northw ard  of th is  boundary , chiefly in the  tropical or sub trop ica l 
zones. The only exception is Nubiloides C ose .& P h i l ,  with 2 species living in 
the  cold tem perate  rain  forest ( D a r l i n g t o n  1965) .

Table II. Ranges of plesiom orphie taxa of the  C ydistom yia  series in vegetation zones

Region G enus

Num ber of species in the vegetation zone

D esert
and
semi-
desert

Medi-
te rran
ean

Savan
na

S u b ­
tropi­
cal
forest

Tropic­
al rain  
forest

Tempe
ra te
mixed
forest

Cold
tem pe
ra te
ra in
forest

M ont­
ane

Afrotropical

Amanella & 
Canalicula

0 8 9 0 0 0 0 0

Tabanotelum 0 0 0 0 2 0 0 0
Stenotabanus
cluster

2 0 6 7 44 2 0 5

Neotropica
Agelanius 0 0 0 0 0 0 8 2
Nubiloides 0 1 2 0 0 0 2 0

O riental C ydistom yia 0 0 0 5 16 0 0 0

A ustralian
C ydistom yia 0 0 0 14 70 0 0 0
Chalybosoma 0 0 0 0 3 0 0 0
Chasmiella 0 0 0 0 20 0 0 0

Total 2 9 17 26 155 2 10 7

The C ydistom yia  series, d istribu ted  in four zoogeographical regions (Table 
II), m erits special a tten tion . Two Neotropical genera occurring  so u th  of the  
climatic boundary  are added for com parison. Afrotropical genera are  found in 
two vegetation types, the  savanna  and  the forest savanna , and  in  
M editerranean-type vegetation with an addition of m ixed forest ( U s h e r  1972). 
Two species of Tabanotelam  O l d r .  found on M auritius I. live in  a  tropical 
forest zone. M uch greater differentiation is seen am ong Neotropical 
representatives. The Stenotabanus  c lu ste r is d istribu ted  in six vegetation 
zones, a lthough  the  m ajority of its species prefer the tropical rain forest. Two 
o ther genera, Agelanius  R o n d ,  and  Nubiloides Cosc .&  P h i l . ,  belong to o ther
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series, b u t  they b ear m any apom orphic s ta tes  of charac te rs  and  therefore are 
included there  for the  sake of fu rth e r analysis. They occur there  chiefly in the 
cold tem perate rain  forest zone ( R a t c l i f e  1 9 8 4 ) ,  w hich dom inated  in the p as t 
over large area of the G ondw anan continent. In O riental and  A ustralian  
Regions hab ita t preferences of Diachlońni are lim ited to tropical and  
sub trop ica l forests.

NUMERICAL VALUES OF CHARACTERS

The charac te rs  and  their s ta tes  listed below (Table III, TV, V) and  applied to 
the  sim ilarity analysis of the taxa of the C ydistom yia  series, were also used  
for the pu rposes of defining of the set of charac te rs  of ancestra l form s.

Table III. C haracter sta tes d istinguishing the core of the Cydistom yia  series

No C haracter
Plesiotypic sta te  

value = 0
Interm ediate 

sta te  
value = 0.5

Apotypic 
sta te  

value = 1
1 Head flattened hem ispherical strongly

inflated
2 Frontal callus touching subcallus separated  from 

subcallus
linear or reduced

3 Face pruinose with shin ing 
spots

4 Scape cup-like or 
conical

hood-like pipe-like, oval 
or inflated

5 Pedicel cup-like cup-like with 
dorsal hook

pipe -like

6 Basal plate short m oderate elongate
7 Wings tran sp a ren t

unpatterned
fumigated patterned  or 

wholly dark
8 Bazicosta bare w ith few setu lae wholly setulose
9 Legs nonnal incrassa te  or 

elongate

In cladistic analyses ( R a t c l i f e  1984) all character s ta tes  are divided into 
two groups: plesiotypic, corresponding to „old” or ancestra l forms, and 
apotypic represen ting  „young” or advanced evolutionary changes. Most 
plesiotypic charac te r s ta tes  are seen in genera belonging to the  Cydistom yia  
series. Only they were selected for analysis, w ith one additional genus 
Chasm ia  E n d . ,  closely related to Chasm iella  E n d . ,  both  occurring on New 
G uinea. All characters were divided into th ree groups. The first group of n ine 
ch arac te rs  was used  earlier for determ ining the core of the  Cydistom yia  
series (Table III) ( T r o j a n  1998). A second group of charac te rs  (Table IV) is 
u sed  for descrip tion of num erous genera of Diachlońni in all series. The las t 
group of characters  (Table V), applied rarely and  only for d istingu ish ing  
single genera, plays an  additional role.
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The division of charac te r s ta tes  into plesiotypic and  apotypic, though  
legitim ate in species-level analyses, is hard ly  applicable in relation to genera. 
This is especially true  for species-rich genera with broad  d istr ib u tio n  ranges, 
as they frequently  exhibit great variability in charac te rs. We find there 
plesiotypic and  apotypic s ta tes  of characters, b u t also th e ir in term edia te  
forms, and  in some cases variability is dem onstra ted  over the  whole range of 
ch arac te r s ta tes. These four groups are d istingu ished  for the p u rp o se  of the 
sim ilarity analysis. Three of them  are tabelarized below, the whole range of 
the  ch a rac te r variability received the value 2

The first group of charac te rs  is connected with the definition of the  core of 
the  C ydistom yia  series (Table III).

The list of charac te rs  enum erated  in the above table does n o t e x h a u st the 
n u m b er of charac te rs  of evolutionary significance. 15 su ch  ch a rac te rs  found 
in the  Cydistom yia  series were taken  into accoun t in the sim ilarity  analysis 
(Table IV). They are related to the  head  and  wing morphology.

Table IV. Additional charac te r s ta tes  in the C ydistom yia  series

No C haracter
Plesiotypic 

sta te  
value = 0

Interm ediate 
sta te  

value = 0.5

Apotypic 
s ta te  

value = 1
10 Postocular rim broad narrow lacking
11 Eyes haired w ith som e 

microscopic 
hairs

bare

12 Frons diverging parallel-sided converging
13 Frontal index 1-3.0 3 .1 -4 .0 > 4 .0
14 O cellar tubercle d istinct with 

ocelli
developed 

w ithout ocelli
lacking

15 Subcallus flat swollen inflated
16 Face flat produced inflated
17 Parafacial index 0 .9-1 .4 1.5-1.6 > 1.6
18 Basal plate pipe-like obtuse-angled w ith dorsal 

tooth or process
19 Length of the 

proboscis in relation 
to the head height

shorter equal longer

20 Labellae of the 
proboscis

fleshy partly  sclerotized wholly sclerotized

21 Palpi short m oderate elongate
22 Palpi slender swollen basally wholly swollen 

or flattened
23 Base of the 

costal vein
w ithout groove w ith groove

24 Vein R4 appendiculate angulate sm oothly curved

Moreover five un ique  characters  (Table V) were included. They were 
applied to taxonom ic stud ies for the sake ofdistinguish ing  single genera  of 
the  tribe. Evolutionary significance can be easily ascribed  to m ost of their 
s ta tes.
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. Table V. Unique charac te r sta tes d istinguishing the genera in  Diachlorini

No C haracter
Plesiotypic 

sta te  
value = 0

Interm ediate 
sta te  

value = 0.5

Apomorphic 
s ta te  

value = 1
25 B ands on eyes 2 or more 1 0
26 Tibiae unicolorous 

darkened a t the tip
contrastingly

coloured
27 Body tegum ent m at - metallic
28 Abdomen shape flattened convex or 

tapering
29 Style annuli 4 - 3 or less

ORIGIN OF THE DIACHLORINI

Recent d istribu tion  stud ies ( T r o j a n  1997) indicated  th a t Diachlorini never 
settled  in large areas of North America, Europe and  Asia. In con tinen ta l 
O rient only six species were found in India ( S t o n e  1975), b u t  the ir origin 
needs exam ination. They were not found in T hailand  ( B u r t o n  1978), Malay 
P en insu la  (P h i l ip  1960), Indochina Peninsula, in the  oriental p a rt of C hina 
(W a n g  Z u n g - M in g  1983, 1994) or in J a p a n  ( M u r d o c h  & T a k a h a s h i  1969). All 
coun tries  m entioned  above have h ab ita ts  favourable enough for Diachlorini.

Such  a d istribu tion  p a tte rn  indicates a  p o s t-Ju ra ss ic  origin of the  tribe, 
w hen all p a rts  of G ondw analand were separa ted  from E uram erica  and 
A sioam erica by the  large sea barrier of Tethys II, and  the sea level rise 
subm erged  a  great part of former lands ( S u t t o n  1978). This view can be 
suppo rted  by the d istribu tion  pa tte rn  of older Lepidoselagini. They are 
com m only found chiefly in the sou thern  part of G ondw anan con tinen ts, b u t 
are rep resen ted  in the Holarctic Region by n u m ero u s relict fonns ( T r o j a n  
1996).

If zero states are to be applied in the description of ancestral forms of 
Diachlorini they should be interpreted as follows: Body of m edium  size, m at 
fomented, with oval flattened, unpattem ed  abdomen. Head Hat with broad 
postocular rim. Eyes haired with two or more bands. Frons diverging, index not 
exceeding 3.0. Ocellar tubercle distinct with well developed ocelli. Frontal callus 
touching subcallus. Face and subcallus flat w ithout shining spots. Prarafacial 
index 1.5 to 1.6. Scape and pedicel cup-like, basal plate rather short, pipe-like, 
four style annuli. Proboscis shorter than  head height, labellae soft. Palpi short 
slender. Wings transparent without pattern. Bazicostal plate bare, costal vein 
w ithout groove at the base, vein R4 appendiculate. Legs normal with unicolorous 
tibiae, sometimes darkened at the tip.

This se t of characters is close to th a t proposed by M a c k e r r a s  (1964: 97) 
for the  ancesto r of Oriental and  A ustralian  Diachlorini. The fusiform  shape of 
th e  frontal callus can be d iscussed  only in relation to A ustra lian  and  
O riental form s. These of Afrotropical and  Neotropical regions have frequently  
a  square  lower frontal callus.
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Of special m eaning  for the  analysis of the origin of Diachlorini a re  the 
ch arac te rs  applied for d istingu ish ing  tribes of the  subfam ily Tabaninae  
( T r o j a n ,  Iw a n  & W y t w e r  1997). Interm ediate s ta tes  of these  ch a ra c te rs  can 
indicate proxim ity to ancestra l forms w hich can occur in Lepidoselagini. Two 
such  charac te rs  have a g reater significance: the  setu losity  of the  bazicostal 
p late and  an  in term ediate parafacial index.

The frequency of the  above d iscussed  sta tes  of the  two ch arac te rs  show s 
th a t in Lepidoselagini (Table VI) nearly 6.3 % of the  species exam ined  have 
the in term ediate  form of the parafacial plate, and  15.8% have a se tu lose  
bazicostal plate.

Table VI. Parafacial index and  the setulosity  of basicostal plate in Lepidoselagini occurring  in
four regions

Region

Examined Parafacial index Bazicostal plate

G enera Species 1.0-1.4 1.5 >1.5 bare
w ith  few 
setu lae

wholly
setulose

Neotropical & 
Nearctic

21 50 49 1 0 45 5 0

A ustralian  & 
O riental

10 30 25 5 0 30 0 0

Afrotropical 3 5 5 0 0 5 0 0
Palearctic 4 10 10 0 0 1 4 5

Total 38 95 89 6 0 81 9 5

A sim ilar m ake up  of the values of characters  u n d e r exam ination  (Table 
VII) was com piled for the species of Diachlorini. It m akes possib le the 
com parison of the ir variability in the  four d istribu tion  cen tres of the  tribe. 
The n u m b er of species with in term ediate parafacial p lates is m uch  lower, 
only 2.1%, and  while those with bazicostal p lates with few or n u m ero u s 
setu lae  accoun t for 15.9%.

Both charac te rs, the  parafacial index and  the setu losity  of the  bazicostal 
plate are of different im portance for evolutionary analysis. They are also 
unevenly d istribu ted .

An increasing  nu m b er of setae occurring on the basicostal p late  ind icates 
changes leading tow ards Tabanini. Such  in term ediate form s occur am ong 
Lepidoselagini in Neotropical Eristalotabanus  K r o e b .  and  Phorcotabanus 
F a i r c h . ,  an d  in Nearctis in Anacim as  E n d .  and  M icrotabanus p ygm aeus  
( W il l . ) .  A wholly setu lose bazicostal plate is found in Leucotabanus L u t z .  A  
g reater n u m b er of in term ediate  forms occurs am ong Palearctic 
Lepidoselagini. Only Nanorrhynchas  K r o e b .  has a  bare  bazicosta. In Ochrops 
S z i l .  and  Glaucops S z i l .  it b ears  a  few setu lae  and  in M editerranean  
M ouchaem yia  O l s .  five species have a wholly setu lose bazicostal plate. This 
places th is  genus am ong the cand idates for the  s ta tu s  of an cestra l form s for 
Tabanini. In Neotropical Diachlorini the  bazicosta w ith a few se tu lae  is found 
in 11 genera, b u t th e ir affinity to the  tribe Tabanini needs exam ination.
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Table VII. Parafaeial index and bazicostal setulosity of Diachlorini in four cen tres of their
d istribu tion

Region
Examined Parafaeial index Bazicostal plate

Genera Species 1.0-1.4 1.5 >1.5 bare
w ith few 
setu lae setulose

Neotropical & 
Nearctic

31 96 0 0 96 74 20 2

A ustralian  & 
O riental

7 42 0 3 39 41 1 0

Afrotropical 3 3 0 0 3 3 0 0
Palearctic 2 4 0 0 4 4 0 0

Total 43 145 0 3 142 122 21 2

In term ediate forms of parafaeial p lates can indicate tran sitiona l form s and  
areas betw een Lepidoselagini an d  Diachlorini or Tabanini. Such  in term ediate  
values of the  parafaeial index are seen am ong Lepidoselagini in North 
A m erican Microtabanus pygm aeus  (W il l . )  and  in five species of E ast 
A ustra lian  Cydistom orpha  T r o j .  In Diachlorini the n u m b er of in term ediate  
form s is lesser, and  only three New C aledonian species of C ydistom yia  T a y l . ,  
nam ely C . brachypalpus  T r o j . ,  C . risbeci M a c k . & R a g .  and  C . tiw akai T r o j ., 
have parafaeial index values equal to 1.5.

A com parison of num bers of the  in term ediate forms of parafaeial p lates in 
b o th  tab les (Table VI, VII) ind icates the  only area  of overlap in the  A ustra lian  
Region. Both above m entioned genera, Cydistom orpha  T r o j . and  C ydistom yia  
T ayl. have completely bare bazicostal p lates, w ithou t any setu lae. S uch  
ju n c tio n  betw een these two ch arac te rs  ind icates the  A ustralian  Region as the  
only place where the origin of the tribe Diachlorini can be docum ented . North 
A m erican Microtabanus pygm aeus  (W il l . )  bears some se tu lae  on the  
bazicostal plate, and  occurs in an area  which canno t be accepted as the  
place of origin o\' Diachlorini. Earlier analyses (Troja n  1997) show ed th a t  all 
North Am erican Diachlorini have the ir ancesto rs  in the Neotropical Region. 
An additional argum ent is th a t am ong Lepidoselagini of the Neotropical, 
Palearctic and  Afrotropical regions no in term ediate form s in the  shape of 
parafaeial index have been found to date.

DEGREE OF SIMILARITY WITHIN THE CYDISTOMYIA SERIES

The TYTAN package of d issim ilarity  m easu res  was employed for the  
ana ly sis  of the degree of sim ilarity betw een the tax a  of the  C ydistom yia  
series. Four m easu res were applied: the Euclidean distance, M anhattan  
m etric, C zekanow ski-Soerensen index and  M arczew ski-S teinhaus index. The 
va lues of sim ilarity index (s) ob tained  by calcu lations based  on all these  
m ea su res  range from 0 for m inim um  sim ilarity, to 1 for m axim um  sim ilarity. 
A sim ilarity  m easu re  can be easily converted into a  d issim ilarity  index (d), 
d = l- s .  The analytic procedure was divided into th ree  stages in accordance
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with the proposals d iscussed  above (Table III—V). Only phylogenetically  
classified charac te rs  were taken  into account.

The first stage of analysis encom passes the characters distinguishing the 
Cydistomyia series. C haracter states were defined and tabelarized (Table VIII).

Table VIII. D istribution of distinctive charac te r s ta tes  am ong the genera of the C ydistom yia  series, 
charac te r nam es and s ta tes  as listed in the Table III.

G enus
C haracter num bers

1 2 3 4 5 6 7 8 9
C ydistom yia 0 3 0 0 0 2 0 0 0
C halybosoma 0 0 1 0 0 1 0 0 0
Chasmiella 0 3 0 0 0 1 0 0 0
Chasmia 1 0 0 1 0 1 0 0 0
Amanella 0 0 0 0 0 1 0 0 0
Canalicida 1 0 0 0 0 0.5 0 0 0
Tabanotelum 1 1 0 0 0 1 0 0 0
Agelanius 0.5 1 0 0 0 0 0 1 0
Stenotabanus 1 0 0 0 0 1 0 0 0
Roquezia 0 0 0 0 0 0 0 0 0
Cretotabanus 0 0 0 0 0 0.5 0 0 0
Wilkersonia 0 0 0 0 0 1 0 0 0
Teskeyellus 1 1 0 0 0 0.5 0 0 0
Erioneura 1 0 0 0 0 1 1 0 0
Hemichrysops 1 0.5 0 0 0 0 1 0.5 0
Pseudacanthocera 0 0 0 0 0 0.5 1 0.5 0
Selasom a 0 0 1 0 0 1 1 0.5 1
Spilotabanus 0 0 1 0 0 0.5 1 0.5 0
Stypom m isa 0 0 0 0 0 0.5 0.5 0.5 0
Philipotabanus 0 1 0 0 0.5 0.5 1 0.5 0

Among four c luste rs  d istingu isheded  using  the M arczew ski-S teinhaus 
index, th ree contain  a m ixture  of taxa occurring in South  Am erica, Africa and  
New G uinea, while the  las t one rep resen ts  only S ou th  A m erican genera. 
Sim ilar resu lts  were obtained  w hen the  C zekanow ski-Soerensen index  was 
applied. O ther m easu res, nam ely the M anhattan  m etric and  the  E uclidean  
d istance  show ed sim ilarity indices greater th an  0.95 for m ost of th  genera  
analysed. Also these  m ethods b rough t together taxa  from different regions. 
F irst se t of charac te rs  cam e out was too sm all to provide re su lts  sufficient for 
the  exam ination of the problem .

In the  second stage the analysis w as supp lem ented  w ith 15 additional 
charac te rs  (Table IV). Their s ta tes  are show n below (Table IX).

E xam ination of the  resu lts  show ed th a t  two m easu res  of sim ilarity, the 
C zekanow ski-Soerensen and  M arczew ski-S teinhaus indices, do n o t reflect 
affinities betw een the  taxa. Four subgenera  of Stenotabanus  Lutz were each 
classified into a  different c lu ste r of genera. Geographical affinities are also 
unreflected  in an analysis based  on these  two m easures. The Euclidean  
d istance show ed the  proxim ity of Afrotropical Am anella  O l d r .  to  Neotropical 
R oquezia  W i l k . ,  Cretotabcinus F a i r c h .  a n d  W ilkersonia  F a i r c h .  & B u r g .

http://rcin.org.pl



T ransan tarctic  relations of Diachlorini 181

And Stenotabcinus L u t z  was included in the  sam e c lu ste r  as Canalicula 
O l d r . ,  Tabanotelum  O l d r .  and T eskeyellus  P h i l .&  F a i r c h .  All m easu res  
show ed the  affinity of Chasmiella  E n d .  to C ydistom yia  T a y l .  The M anhattan  
m etric resu lted  in two big c lusters, the first including Agelanius  Rond, and 
six m ore specialised genera of tropical and  subtropical regions of Sou th  
America, the  second contain ing  all taxa  of the C ydistom yia  series core and  
additionally  the taxa  from New G uinea and  A ustralia  as well as Tabanotelum  
Oldr. an d  Teskeyellus  P h i l .  & F a i r c h .  The p icture of affinities becom es 
clearer, b u t  the  the  problem  of the degree of differences betw een S outh  
A m erican, African and  A ustralian  taxa  rem ains unsolved.

Table IX. D istribution of additional character s ta tes am ong the  genera of the C ydistom yia  series, 
charac te r nam es and s ta tes  as in table IV

G enus C haracter num bers
10 11 12 13 14 15 16 17 18 19 20 21 22 23 24

C ydistom yia 1 2 0.7 4.1 2 0 0 1.8 2 0 1 1 1 0 2
Chalybosom a 1 1 1 3.5 2 1 0 2.0 2 0 0 1 0 0 0
Chasmiella 1 2 0.5 3.8 2 0 0 2.0 1 0 1 1 0 0 1
Chasm ia 0 1 0 3.0 1 0 1 2.5 0 1 0 1 0 0 1
Amariella 2 0.5 1 4.5 2 0 0 1.6 1 0 0 1 2 0 0
Cancdicula 0 0 1 4.9 2 1 0 2.5 2 0 0 1 2 1 1
Tabanotelum 2 0.5 0 5.9 2 0 0 1.9 1 0 0 1 0 1 2
Agelanius 1 0 1 3.0 0 1 0 2.1 2 0 1 1 0 0 0
Steno tab anus 0 1 1 4.5 1 0 0 2.1 1 0 0 1 2 1 0
Roquezia 0 1 2 5.0 2 0 0 2.0 1 0 0 0 2 1 0
Cretotabanus 0 1 2 6.7 1 0 0 3.3 1 0 0 0 2 0 2
Wilkersonia 1 1 2 3.3 0 1 0 2.0 0 0 0 0 2 0 0
Teskeyellus 2 1 1 3.0 2 0 0 1.8 1 0 0 0 2 0 0
Erioneura 1 1 1 4.0 2 0 1 2.2 2 0 2 1 0 0 2
Hemichrysops 2 0 0 4.8 2 1 0 2.7 0 0 2 1 2 0 2
Pseudacanthocera 1 1 1 5.0 0 0 0 4.0 1 0 1 1 1 0 1
Selasom a 2 1 2 5.0 2 1 0 3.0 1 0 0 1 3 0 0
Spilotabanus 2 0.5 0 2.4 1 0 0 1.8 2 0 0 1 0 1 2
Stypom m isa 2 2 1 4.3 1 0 1 2.8 1 0 1 1 0 1 2
Philipotabanus 2 1 2 7.5 2 0 0 5.0 2 0 0 1 0 1 2

In the  th ird  stage of analysis the da ta  m atrix  w as supp lem ented  with 
un ique  charac te rs  described above (Table V), whose sta tes  are tab u la ted  
below (Table X).

The c lu ste rs  of tax a  obtained by th is  analysis reflect m ore adequately  the 
rela tions betw een the  genera of Diachlorini. especially w hen the Euclidean 
d istance  and  M anhattan  m etric are applied. The low est sim ilarity (s = 0) is 
found in C hasm ia  E n d . ,  a genus close to, b u t no t inclded in the  Cydistom yia  
series. Philipotabanus F a i r c h .  and Selasom a  M a c q .  exhibit values betw een 
0 .25  to 0.05. A sim ilarity value of 0.3 divides all rem aining genera  into two 
d istinc t c luste rs . The first of them  includes Agelanius  R o n d . ,  Erioneura  B a r r . ,  
H em ichrysops  K r o e b . ,  Pseudacanthocera  L u tz ,  Stypom m isa  E n d .  and 
Spilo tabanus  F a i r c h . ,  all of which were excluded from the previous analysis.
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together w ith Mexican Teskeyellus  PHIL.& F a i r c h . ,  a m ontane relict of the 
N orthern H em isphere. This group of taxa, bearing  m any apom orphies and  
d istribu ted  chiefly in the  tropical p a rt of S outh  America, can  hard ly  be 
regarded as a  paren tal group for G ondw anan Diachlorini.

At the  sam e tim e all characters  with s ta tes  greater th an  2 were removed, 
b ecause  they are related to the  range of the  charac te r variability ra th e r  th a n  
to the ch arac te r sta tes.

Table X. D istribution  of unique characters am ong the taxa of the Cydistomyia  series, nam es of 
characters and the values of their s ta tes as in the table V.

G enus
C haracter num bers

25 26 27 28 29
Cydistom yia 1 0 0 0 0
Chalybosoma 1 1 1 0 0
Chasmiella 1 0 0 1 0
Chasm ia 1 0 0 1 0
Amanella 0.5 0 0 0 0
Canalicula 1 0 0 0 0
Tabanotelum 1 0 0 0 0
Agelanius 1 0 0 0 0
Stenotabanus 0 0 0 0 0
Roquezia 0 0 0 0 0
Cretotabanus 0 0 0 0 0
Wilkersonia 0 0 0 0 0
Teskeyellus 1 0 0 0 1
Erioneura 1 0 0 0 0
H emichrysops 1 0 1 0 0
Pseudacanthocera 1 0 1 0 0
Selasom a 1 0 1 0 0
Spilotabanus 1 0 0.5 0 0
Stypom m isa 1 0 0.5 1 0
Philipotabanus 1 0 0 0 0

T hus a lim ited set of taxa con ta ins a  nearly pure  core of the  Cydistom yia  
series. W hen the M anhattan  m etric is used  for sim ilarity calculations, it is 
divided into two c luste rs  by the sim ilarity value s = 0.37. The first c lu ste r 
includes only Neotropical S tenotabanus  L u tz ,  with its relatives, Roquezia  
W ilk . ,  Cretotabanus  F a i r c h .  and  Wilkevsonia F a i r c h . & B u r g .  In the second 
c lu ste r Canalicula  O l d r .  and Tabanotelum  O l d r .  are d istingu ished  from the 
rem ain ing  genera by the sim ilarity value of 0.42. A sim ilar value of the 
m easu re  is seen in Chalybosom a  O l d r .  South  African Am anella  O l d r .  is 
placed n ea r to Cydistom yia  T a y l .  by the value s = 0.50. The h ighest sim ilarity 
degree, s = 0 .85 was show n by the las t two genera of the c luster, Chasmiella  
E n d .  and C ydistom yia  T a y l .
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The m ain  re su lt of the sim ilarity analysis was the opportun ity  to m ake up 
a se t of m ost sim ilar taxa  for fu rther exam ination, the  true  core of the  
C ydistom yia  series. It includes 6 Neotropical taxa, A gelanius  R o n d . ,  
Nubiloid.es Cosc.&  P h i l . ,  Stenotabanus  L u tz . ,  W ilkersonia  F a i r c h .  & B u r g . ,
CreLotabanus F a i r c h .  and  Roquezia  W ilk .  The O riental and  A ustra lian  group
includes C ydistom yia  T a y l . ,  Chalybosoma  O l d r .  and  Chasm iella  E n d .  From 
Afrotropis are Amartella O l d r . ,  Tabanotelum  O l d r .  and  Canalicula  O l d r .  T o  
th is  set of genera, Cydistom orpha  T a y l .  was added as an  in term ediate  form 
betw een Lepidoselagini and  Diachlodni.

1 . 9  . 8  . 7  . 6  . 5  . 4  . 3  . 2  . 1  0
I I_________I_________ I_________ I__________ I_______ I_________ I________ I_________I_______ L

i-----------------------------------------------------------------------  C y d is t o m y ia
-------------------------1----------------------------------------------------------------------- N u b i l o i d e s

i--------------------------------  Chalybosom a
-------------------------------- '---------------------------------- Amane 11a

-------------------------------------------------  C h a s m ie l la
  r i-----------------------------------------  C a n a l i c u l a

---------- \----------*----------------------------------------  T ab an ote lu m
*---------------------------------------------------  A g e la n iu s

-----------------------------------------------------------------------  S t e n o t a b a n u s
  i------------------ Roque2 i a

i '------------------  W i l k e r s o n i a
---------------------------------------------- '------ C r e to ta b a n u s

-------------------------------------------------------------------------------  C y d is to m o rp h a
I 1--------1--------1------- 1--------1------- 1--------1------- 1--------1 r

Fig. 1. D endrogram  of dissim ilarity between plesiom orphic forms of Diachloriiu calculated by 
using 21 characters and Czekanow ski-Soerensen m easure.

All four m easu res were applied. Best c lustering  w as done using  the 
M arczew ski-S teinhaus and C zekanow ski-Soerensen m easu res  (Fig. 1). The 
first c lu ste r with the sim ilarity value, s=0, is Cydistom yia  T a y l .  and 
Nubiloides Cosc.&  P h i l .  All m easures have CydistomorphaTROJ. as n ea re s t to 
Cretotabanus  F a i r c h . ,  Wilkersonia F a i r c h .& B u r g ,  and  Roquezia  W ilk .  In 
both  cases A ustralian  and  Neotropical taxa  have the  h ighest sim ilarity 
values. The rem aining genera, nam ely Chalybosom a  O l d r . ,  A m anella  O l d r .  
Chasm iella  E n d . ,  Canalicula O l d r . ,  Tabanotelum  O l d r .  and  A gelanius  R o n d .  
co n stitu te  a geographically differentiated c lu ste r of m ore apom orphic forms. 
Special a tten tion  m u st be paid to the position of Cydistom orpha  T r o j .  w hich 
is p laced a t the basis  of all c lusters of plesiom orphic Diachlorini, except the  
above m entioned  Cydistomyia-Nubiloides c luster.

CONCLUDING r e m a r k s

The resu lts  d iscussed  above may be used  for the  the sake of falsification of 
the hypo thesis  form ulated in the in troduction  to the  p resen t paper. The 
degree of sim ilarity is h ighest betw een the taxa  of cold so u th e rn  S ou th  
A m erica and  hot New G uinea, New Caledonia and  east A ustralia , nam ely

http://rcin.org.pl



1 8 4 P. Trojan

betw een C ydistom yia  T a y l .  and  Nubiloid.es Cosc .&  P h i l .  E aste rn  A ustra lian  
Cydistom orpha  T r o j . ,  representative of in term ediate forms of Lepidoselagini, 
can  be regarded as real ancestra l form by virtue of the ir place a t the  basis  of 
all o ther c lusters, b u t n ea re s t to subgenera  of Neotropical S teno tabanus  
L u tz .  In th is  m an n e r African Diachlorini seem to be apom orphic form s of the 
tribe d istribu ted  in ho t tem perate clim ate with M editerranean an d  savanna  
vegetation. Such  h ab ita t adap ta tions do no t occur in A ustra lian  an d  O riental 
Regions and  are ra th e r exceptional am ong Neotropical taxa.

These considerations do no t lead, however, to the tran sfe r of the  place of 
origin from S outh  Am erica to A ustralia. More realistic, in my opinion, is the 
view th a t large unfragm ented  G ondw analand was a cradle of Diachlorini. This 
view is additionally  supported  by the clim atic h istory  of A ntarctica. 
In term ediate forms betw een Lepidoselagini and  Diachlorini are elim inated 
from America, Africa and  Orient. At p resen t they exist only in  A ustra lian  
Region.
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STRESZCZENIE

[Tytuł: T ransan tark tyczne związki Diachlorini s .s tr . (Diptera: Tabanidae)]
Dotychczasowe hipotezy wyjaśniające rozm ieszczenie gondw ańskich  

Diachlorini wywodzą je  z Ameryki Południowej drogą północną z Afryki przez 
M adagaskar, łndie i wyspy O rientu do Nowej Gwinei i A ustralii: lub
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południow ą z Ameryki Południowej przez A ntarktydę do Afryki Południowej 
oraz A ustralii i dalej poprzez wyspy O rientu  do Indii. Obie te hipotezy oparte 
n a  koncepcji stałej pozycji kontynentów  wymagały weryfikacji ze względu n a  
nowe rozw iązania system atyki podrodziny Tabaninae  oraz postępy w 
paleogeografii i paleochronologii półkuli południowej.

A utor przyjął jako  podstaw ę analizy rozm ieszczenia Diachlorini obszaru  
G ondw any teorię dryftu kontynentalnego. Zestaw iono również dane o 
chronologii wydarzeń paleogeograficznych i towarzyszących im w arunkach  
środowiskowych, ja k  również o barierach  m orskich pojaw iających się wraz z 
fragm entacją  kon tynen tu  Gondwany i zanikających lokalnie w Plejstocenie.

Analiza rozmieszczenia Diachlorini wykazała, że zasiedliły one 8 stref 
roślinnych, jednak  większość z nich je s t związana z klimatem tropikalnym i 
subtropikalnym . Najszersze spektrum  środowiskowe zasiedlają neotropikalne i 
nearktyczne gatunki z pokrewieństwa S tenotabanus Lutz. W Regionie 
Neotropikalnym dwa rodzaje, Agelanius Rond. i Nubiloides Cosc. & Phil.. 
Obydwa posiadają wiele plezjomorfii i są  po części związane z występującym w 
zimnej strefie klim atu umiarkowanego lasem deszczowym ze znacznym udziałem 
Nothofagus. Ten typ lasu w przeszłości dominował n a  obszarze całej Gondwany.

Ustalono listę cech oraz ich stanów plezjomorficznych, apomorficznych i 
przejściowych i na  ich podstawie określono przypuszczalny wygląd grupy 
wyjściowej dla Diachlorini Najbardziej prawdopodobnym miejscem powstania 
plem ienia je s t Australia. Formy przejściowe między Lepidoselagini i Diachlorini 
zachowały się do dziś we wschodniej Australii i n a  Nowej Kaledonii.

W ielostopniowa analiza podobieństw  między rodzajam i oparta  n a  czterech 
m iarach , M arczew skiego-Steinhausa, C zekanow skiego-Soerensena. 
odległości miejskiej i euklidesowej, wykazała, że najwyższy stopień 
podobieństw a w ystępuje między plezjomorficznymi rodzajam i Południowej 
Ameryki i Regionu A ustralijskiego. Cydistom yia  Tayl. i Nubiloides Cosc.& 
Phil, stanow ią parę takich rodzajów najbardziej zbliżonych do siebie i 
zarazem  odrębnych od pozostałych. Form a pośrednia, należąca do 
Lepidoselagini au stra lijsk a  Cydistom orpha  T ro j. znajduje się u  podstaw  
podziału w szystkich pozostałych rodzajów plezjomorficznych n a  grupy, przy 
czym najbliższym  jej zgrupow aniem  je s t  pokrew ieństw o południow o­
am erykańskiego Stenotabanus  L u tz .

Analiza podobieństw a morfologicznego w obrębie plezjomorficznych fonn 
Diachlorini pozwoliła n a  udow odnienie hipotezy o gondw ańskim  pochodzeniu 
plem ienia Diachlorini. Formy przejściowe zachow ały się jedynie  n a  obszarze 
Regionu A ustralijskiego, we wschodniej A ustralii i na  Nowej Kaledonii.

R edaktor pracy -  prof. dr hab. R. P isarska
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ANNEXE 1.

Som e more im portant plate tectonic and environm ental events in the G ondw analand history

Period Date 
± Mybp

Position of 
continental plates 
and  sea  barriers

C limate and 
environm ental 

events

Vegetation
and

fauna
Authority

Carbonifero 
u s  -  
Perm ian 
boundary

320-270

Fused
Gondwana and 
Euroam erica.

Cold and  wet. 
G laciation of the 
sou thern  
Gondwana.

lacking

SCHWARZBACH
1961;
WHITE 1990.

I>ower
Perm ian 270-260

Fused
Gondwana and 
Euroam erica.

Cool tem perate 
climate. Coal 
deposites.

Periglacial 
G lossopteris flora.

White 1990.

U pper
Perm ian 260-245

Fused
Gondwana and 
Euroam erica.

Progressive 
warm ing of the 
climate.

D ecrease of 
G lossopterids, 
origin of Conifers, 
Cyeadophytes & 
seed ferns.

Frakes,
Me GOWRAN 
& Bowler 1987; 
White 1990.

Triassic 245-208 Fused
G ondwana and 
Euroam erica.

H ot-arid climate 
from equato r to 
50 N & S, more 
hum id in high 
latitudes.

D ieroidium flora 
of ferns. 
F luorishing of 
conifers, 
cyeadophytes, 
gingkophytes

White 1990.

J u ra s s ic 208-144 Whole Gondwana W arm climate 
th roughout the 
globe w ith high 
rainfall

Unified flora over
all lands:
conifers,
cyeadophytes,
gingkophytes,
tree ferns and
ferns.

White 1990;

Lower
J u ra s s ic

190

180

M adagascar 
separated  from 
Africa.
New Zealand 
elevated.

Hartmann 1986; 

Kamp 1980;

U pper
J u ra s s ic

180-160 Gondwana 
separated  from 
Laurasia by the 
large Tethys II 
sea.

IlEATWOLE 1987.

C etaceous 144-66.4 Both Americas 
broadly separated 
by the sea.
Bering bridge 
open for the biota 
migration.

Soft clim ate over 
all lands from 
A la sea to 
A ntarctica

Unified vegetation 
of broad-leaved 
mixed forests

Go se ,S cott & 
Swartz 1980;

Hartmann 1986

Lower
C retaeous

144-125

140

Sea level rise. 
G reat pa rt of 
continents 
subm erged.
India breaks away 
from Gondwana.

Climate cooling in 
A ustralia

White 1990 

Heatwole 1987
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Lower
C retaceous

144-125

144-66

120

Argentina 
(Patagonia) 
overflooded by the 
sea.
Fragm entation of 
A ustralia into a 
num ber of 
islands.
Africa b reaks 
away from 
Gondwana

Sea transgression

Hartmann 1986  

Main  1987 

Heatwole 1987

Upper
C retaceous

97 -6 6 .4

95

80

80

C ontinental 
shelves 6 tim es as 
extensive as a t 
p resen t (partly 
submerged). 
A ustralia 
begins the 
breaking away 
from A ntarctica.

New Zealand 
moved away from 
Gondwana.
New Caledonia 
separated  from 
A ustralia and  
New Zealand.

Hot subtropical 
climate.High 
hum idity, cold to 
mild temperatures.

Expansion of 
T asm an & Coral 
Sea.

Tropical rain  
forest broadly 
distributed. 
Nothofagus flora 
established .

S utton 1978;

White 1990;

Frakes, 
McGowran. & 
Bowler 1987; 
Heatwole 1978:

Tillier 1988.

Tertiary

Paleocene

6 6 .4 -1 .6

60 Separation  of 
A ustralia from 
A ntarctica

Cooling of the 
climate.
Hot-wet climate 
with high rainfall

Nothofagus flora 
replaces tropical 
forms

Crook 1981; 
Main 1987; 
Heatwole 1987;

Paleocene -  
Oligocene

66 .4-
2 3 .7

Afrit a  (Namib, 
Kalahari & Sahara). 
South America 
(Peru, Columbia. 
Bolivia & Jamaica)

Arid climate. 

Arid climate

S chwarz bach 
1961;

Eocene 57 .8-
3 6 .6

New Caledonia Hot-arid climate S chwarzbach
1961;

Lower
Eocene

57 .8 -5 2 A ustralia Tropical warm- 
wet climate

Notofagus rain 
forest widely 
d istributed .

Frakes, 
McGowran & 
Bowler 1987;

Middle
Eocene

45 Collision of India 
with Asian plate. 
Break up of the 
Tasmanian bridge 
between Antarctica 
and Australia

Equatorial 
cu rren t closed.

P o w ell & al. 
1985;

White 1990;

Upper
Eocene

4 2 -3 6 .6 A ntarctica

A ustralia

Ice sheet s ta rts  to 
develop. 
Temperature and 
humidity decreases, 
aridization of the 
climate.

Vegetation still 
p resent.
Notofagus rain 
forest decreases. 
Dry adapted 
vegetation develops.

White 1990;
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O ligoeene 36.6-
23.7

F usion of North 
and South  
America.
South America 
separated from 
Antarctica. Land 
connections  
betw een  
Gondwanan  
continents closed.

Cireumpolar  
current 
established. 
Climate cooling

Migration of 
plants & anim als  
begins.

Go s e , S cott & 
Swartz 1980;

Katz 1982;

Frakes, 
McGowran & 
Bowler 1987;

M iocene 23 .7 -5 .3 .New G uinea and  
Insular Orient 
em erged a s a 
result of collision  
of Australian and 
Asian plates. 
Antarctica

Australia

.Progressive 
cooling of the 
earth clim ate.

Ice sh eet is  
northward 20 0  
km more than  
recently.

E xchange of 
fauna betw een  
Orient and  
A ustralia begins.

Tropical rain forest 
still remains.

S chuster 1972; 
Ratclife 1984; 
Main 1987: 
Heatwole 1987;

White 1990.

P leistocene 1.6-0.01 Pacific sea level fell 
180-100 m below 
present depth.
South East Asia, 
New Guinea and 
Australia connected 
by land and insular 
bridges.
Tierra del Fuego 
connected with 
South America. 
Tasmania connected 
with Australia. 
Australia

New Guinea

South America, 
Amazonia w as a 
large inland sea  .

Clim ate cooling

Aridisation of the 
clim ate increases. 
M ountains & 
high lands with  
tropical wet 
clim ates  
established. 
During pluvial 
periods.

Recent flora 
dvelops.
Tropical flora 
transferred from 
Australia to New 
G uinea.

Tropical rain 
forest starts to 
develop.

Audley-Charles 
& HOIJER 1973;

THENIUS 1972;

Darlington

1965;

White 1990; 

Ratclife 1984;

COLINVAUX
1989.

Holocene 0 .0147 New Zealand 
Tasm ania

New Guinea 
New Caledonia

Deglaciation Large areas of 
Nothofagus rain 
forest and  
conifers. 
Nothofagus 
forests only in 
high m ountains.

Darlington 1965;
Bridgewater
1987;
Darlington 1965; 
Bonnet de 
Larbogne, TlIiiER 
A ,  TŁLIERS.
1991.
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