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Pikes Peak Research Station is a nonprofit or-
ganization dedicated to promoting the understanding of
the natural world through research and education.
Actively engaged in interdisciplinary research on the
ecosystems of the Pikes Peak region, PPRS is a part of
Colorado Outdoor Education Center, a pioneer in nature
programs for all ages since 1962.

It is with great pleasure that we inaugurate this
new series of publications, Bulletin of Pikes Peak Re-
search Station, with a paper by Dr. F. Martin Brown
describing fossil tsetse flies from the Florissant
Shales. Dr. Brown is known the world over for his
knowledge of Florissant fossil insects. A teacher,
writer, and scientist of world repute, Dr. Brown is a
research associate of many museums and research
organizations, including Pikes Peak Research Station.

The Bulletin of Pikes Peak Research Station will
be puklished at irregular intervals as manuscripts on
the natural history of the Pikes Peak Region become
available. Each bulletin will contain new scientific
information resulting from reseach conducted at the
station, but will also be written so as to convey the
meaning of this research to the largest possible
audience.

Boyce A. Drummond
Editor

COVER ILLUSTRATION
The tsetse fly Glossina morsitans is widely distributed in Africa
and is a strong vector of Rhodesian sleeping sickness of man. The
word "tsetse" comes from the Sechuana language of Bechuanaland and
means "fly destructive to cattle."
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PREFACE

The Earth has a 4.5-billion-year history, but
only in the last few hundred years have scientific
theories and explanations of her behavior emerged so
quickly. As discoveries continue to appear at an ac-
celerated rate, we are able to grasp a better under-
standing of how the earth and life began, what has
happened since that beginning, how present systems
work, and what each of us can do to help it continue.

What is so exciting about the discovery of 35-
million-year-old tsetse flies in Florissant, Colorado?
For the curious, it brings on a myriad of questions:
Why and when did tsetse flies 1leave North America?
What were the -ecological relationships of the or-
ganisms within the ancient Florissant community? What
do the relationships in today's tsetse-fly communities
have to tell us about the ecology of the Florissant
area 35 million years ago? What changes have eccurred
since that time? Although scientists called paleon-
tologists are charged with the responsibility of seek-
ing the answers, all of us share an obligation to ask
such questions.

We delight in the delicate beauty preserved in
the fossils of the Florissant Shales, and marvel at
the opportunity they provide to obtain a remarkable
view into the past. The thrill of discovery helps
complete our understanding of what we experience. We
know that discovery is not invention but is a way to
view our intimate connection with the complexity of
past environments. Discovery enables us to speculate
about the consequences of our own presence here and
encourages us to take long looks rather than limited
glances. We are reminded that humans have evolved to
wonder, that understanding offers joy, and that it is
important to possess a genuine awareness of our
relationship to the total scheme of things.

Roger A. Sanborn

Director

Colorado Outdoor
Education Center
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THE TSETSE FLIES
OF FLORISSANT

by F. Martin Brown

INTRODUCTION

You are right! The only place the disease-
carrying tsetse fly lives today is in tropical Africa.
This has not always been true. About thirty-five mil-
lion years ago tsetse flies lived in the forests that
surrounded ancient Lake Florissant. We do not know if
the ancient members of this fly family transmitted
disease as do the modern ones. Tsetse flies carry
sleeping sickness, a serious disease to which the na-
tives of the land, man and hoofed animals, have ac-

quired some immunity. Europeans and their domestic
animals, however, have not developed an immunity to
the disease. Thus, the tsetse fly has presented a

barrier to those of European background ever since the
early Portuguese explorers tried to settle the inte-
rior of Africa. For most of this century, medical en-
tomologists and pest-control scientists have waged a
slow war against these pesky agents of disease.

During this time, we have learned a great deal
about the tsetse fly, one of many kinds of flies that
bite and suck blood from mammals and other
vertebrates. Tsetse flies are distantly related to
our horse flies, deer flies, and other such noxious
pests. Mosquitoes are more distantly related, about
as close as mice are to us. The females of these dis-
tantly related flies, of which the mosquito is a com-
mon example, need to have a '"blocd meal" before they
can lay fertile eggs. In almost all cases, only the
female of the species does the biting. These insects
do not really bite as do you and I; instead, they stab
a hole through the skin and into the underlying
tissue. A minute drop of saliva is injected through
the proboscis, the piercing organ of the insect, and
prevents the victim's blood from clotting. Mosquitoes

1



infected with malaria, yellow fever, or other
illnesses inject the disease-causing organisms along
with the saliva into the victim, thereby spreading the

sickness. Fortunately, public health measures today
greatly reduce the chance that one may contract
mosquito-borne diseases in the United States. Tsetse

flies differ from the great majority of blood-sucking
flies in one very important respect: the males are
blood-sucking as well as the females---and are just as
dangerous. Kipling's old tag, 'the female is more
deadly than the male," does not hold for tsetse flies!

We find other tsetse fly habits that differen-
tiate them from the majority of flies. One such dif-
ference is the birth cycle. Most flies and other in-
sects lay many eggs after mating. These eggs are laid
on or near the food of the maggots that develop. In
the case of tsetse flies, however, the females give
birth to a single, well-developed maggot, which weighs
about a quarter the bulk of the mother. When prepar-
ing to give birth to a maggot, the mother finds a
suitable place. Often the birthplace is the underside
of a fallen tree that rests a few inches above the
forest floor in the woodland. The female tsetse fly
hangs wupside down under the tree trunk, drops her
young, flies away, and will be ready in fortnight or
so to give birth to another maggot, providing she ob-
tains another blood meal in the interim. A maggot is
born rather <quickly, in only a matter of a few
minutes. The husky newborn maggot, usually a quarter
of an inch long, immediately digs into the forest duff
to live its immature life.

Although the maggots develop under the surface,
they are not in a safe hiding place. The larvae of
several bee flies (Bombyliidae) in the genus Villa
parasitize the maggots. Many newborn maggots do not
have time to burrow before being attacked by numerous
tiny parasitic wasps, some of which attack even while
the maggot is being born. These parasites lay their
eggs in or on the maggot, or the pupa, and the
developing wasp larva feeds on the developing tsetse
fly. Those tsetse-fly maggots that survive their
enemies and pupate undergo a change in their entire
organization, a process similar to the metamorphosis
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of a caterpillar to a butterfly. In the pupal stage,
the digestive organs of the fly maggot (like those of
the leaf-eating caterpillar) are changed to those that
can make use of fluid food. These changes take about
a month, after which the pupal shell splits down the
back, the fly emerges, and the wings develop. The
cycle is then repeated in the next generation.

Today, tsetse flies are found scattered
throughout the tropical parts of sub-Saharan Africa
and to the east of the Sahara in Somalia. At one

time, the smallest of the modern tsetse flies also in-
habited the hinterland of Aden at the southeastern
corner of the Arabian peninsula. Human development
and occupation of the land has largely eliminated the
kind of habitat ecologically suitable for tsetse
flies. About thirty species of Glossina, the genus to
which the tsetse fly belongs, are found in Africa.

In the limited area occupied by the forest around
ancient Lake Florissant, at least four species of
tsetse flies were living. The first of these species
was discovered by S. H. Scudder of Harvard, who first
made extensive excavations at Florissant in the
1870's. He did not recognize the fact that he had
found a fossil tsetse fly. He thought his discovery
was a bot fly such as we find today on cattle and wild

animals. In 1892, Scudder named this fly Paloestrus
oligocenus. Translated into English, the name means
"the ancient botfly . . . from the Oligocene period.'

In 1907, T. D. A. Cockerell, from the University of
Colorado, studied a specimen of Scudder's oligocenus
and found it to be a tsetse fly. Cockerell's correc-
tion of Scudder's work is ironic, for, in 1892, Scud-
der had pointed out the precise feature that had shown
Cockerell that the specimen belonged to the genus
Glossina. This feature was the peculiar path of the
fourth vein in the wing that is found only in the
tsetse fly (Figure 1). It is interesting to note that
before Cockerell made his discovery, Henry Fairfield
Osborne, the great student of fossil mammals, had
written an article about the extinction of many
species of hoofed mammals in America at the ap-
proximate time that Lake Florissant existed. He sug-
gested that this disappearance might have been caused
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by blood-sucking flies carrying diseases.

We think we have a better reason for the change
in the hoofed animal fauna at the time: the 1land was
drying out and grasslands were beginning to develop.
At the time of Lake Florissant, the hoofed mammals
were primarily browsers, feeding on the twigs and
leaves of trees and shrubs. Today most hoofed mammals
are grazers, which need differently designed teeth to
cope with grasses rather than with leaves and twigs.
So, although browsers disappeared, they were replaced
by grazers. We still have both.

There is another point that speaks against
Osborne's idea: tsetse flies and grazing mammals have
lived together in tropical Africa for thousands of
years. Only introduced cattle and horses are fatally
stricken with sleeping sickness disease; the native
animals of the region have gained a measure of
immunity. Even so, however, Dr. Frank Lambrecht
recently (1985) published a most interesting paper
discussing the possibility that the tsetse flies of
Africa had a marked influence upon the development of
modern man by eliminating the Australopithican branch,
allowing the genus Homo to survive as the sole repre-
sentative of the hominid lineage.

Thus, even if the tsetse flies of Florissant did
carry a disease, the hoofed mammals probably had an
acquired immunity to the sickness. At the present we
have no way of learning about the role of ancient
American tsetse flies as disease carriers, but who
knows what new discoveries and understanding the fu-
ture will bring?

It 1is interesting that tsetse flies of Africa do
not invade the grasslands to any great distance. The
fly is essentially an insect of the shade, brush, or
open forest. This type of environment was precisely
the habitat of the ancient species around Lake Floris-
sant thirty-six million years ago. The fossil tsetse
flies of Florissant belong in the same genus as do the
modern ones of Africa. Since we find no real dif-
ference between the ancient and modern tsetse flies,
and their habitats are the same, we can reasonably
suppose that their life histories are similar.

The Florissant tsetse flies may have been a
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little larger than modern ones, but not by much.
Curiously, this does not seem uncommon when modern and
fossil insects are compared, for the ancient ones are
often a little larger than their modern descendants,
as shown by the following measurements: the largest
and smallest of the modern tsetse flies have wing
lengths of approximately 13.5 mm and 6mm,
respectively. The largest and smallest of the Floris-
sant fossilized tsetse flies have wing lengths of 16
mm and 7 mm, respectively.

The very detailed studies that have been made
upon African tsetse flies suggest something about the
climate in the vicinity of ancient Lake Florissant.
The span of temperatures that prevail in areas where
tsetse flies maintain breeding populations today is
from 64°F (18°C) to 86°F (30°C), for above and below
those limits, the females are wunable to produce
larvae. Other evidence at the Florissant fossil beds
suggests that at some times during the year the mean
temperature fell below 64°F. During such times of low
temperatures, it is probable that tsetse fly reproduc-
tion ceased, leading to pulses in the appearance of
new tsetse flies during favorable times of the year in
the Lake Florissant area. However, our educated
guesses about paleoclimates have, as yet, no sound em-
pirical basis. The temperature may never have dropped
too low for reproduction of the flies. Research is
continuing on this problem.

We have no idea why or how the tsetse flies dis-
appeared from North America. During the time they
lived around ancient Lake Florissant, the Atlantic
Ocean was opening between the New and 0ld Worlds.
Millions of years earlier, North and South America,
Europe, and Africa were one huge land mass. When the
continents were in this combined state, the tsetse
flies were probably living in all of the scrub and
forest country that supported herds of hoofed animals.
We also find it probable that these flies lived along
broad rivers and lakes where the forerunners of tapirs

provided a good food source. The tapir, a semi-
aquatic relative of the horse, is now restricted to
two regions -- namely, Malaya in Asia and the tropical
Americas. Today, one such animal, the hairy tapir,
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lives close to treeline in South America. It is found
in the eastern Andes of east central Ecuador at about
11,000 feet above sea level. As the Andes rose
gradually from sea level, this tapir stayed with the
land and somehow acquired a good coat of thin fur!

Fifty years ago some scientists believed that the
forerunners of Glossina, the tsetse fly genus, lived
in what is now Colorado. These proposed forerunners
inhabited the region now covered by Eocene shales, the
Green River Formation in northwestern Colorado, north-
eastern Utah, and southwestern Wyoming. Cockerell
(1924) described this proposed forerunner as Eoph-
lebomyia claripennis, which he placed in Trypetidae, a
family of fruit flies.

When  Cockerell (1925b) discovered a second
specimen of this fossil, he sent it to the British
Museum (Natural History) hoping that Major E. E.
Austen, who was the world authority on tsetse flies at
the time, would examine his find. Austen wrote to
Cockerell stating that ". . . I am, for the moment at
any rate, inclined to consider Eophlebomyia as pos-
sibly representing an annectant form between the An-
thomyiidae and the blood-sucking Muscidae, as repre-
sented by Glossina."

Dr. Curtis Sabrosky of the Systematic Entomology
Laboratory, U.S. Department of Agriculture, kindly ex-
amined for me Cockerell's type of Eophlebomyia
claripennis in the National Museum's Department of
Paleobiology. He came to the conclusion that the fly
is acalyperate (lacking curious leaf-like structures
at the base of each wing), as Cockerell had said, and
thus cannot be an ancestor of the Glossinidae.

In 1930, Joseph Bequaert prepared a synopsis of
our knowledge of tsetse flies to that time. [In large
part this is based upon Hegh (1929).] In this synop-
sis Bequaert noted (p. 159) that Cockerell had
described from Florissant four "apparently quite dis-
tinct species of flies, which unmistakably belong to
the genus Glossina.'" Cockerell did describe four fos-
sil Glossina in his several papers, one of which he
fully acknowledged as being of Scudder's authorship.




FLORISSANT FOSSIL TSETSE FLIES

Muscoidea: Diptera
Glossinidae

Among the Glossinidae, the median (4th) vein is
""hooked" upward toward a very short cross-vein. Ac-
cording to Austen's Handbook of the Tsetse Flies
(1911) this is a unique feature for Glossina, the type
genus for Glossinidae. In 1938, C. T. H. Townsend
published a note about the Florissant fossil
glossinids. In this brief article, less than two
pages long, he proposed two new fossil genera. These
are noted below in the synonymy of Glossina. Hegh
(1946) and Henning (1973) relegate these genera of
Townsend to synonymy. James (1945) noted a number of
other cases where Townsend was in serious error.

A key to the described Colorado fossil Glossinidae

1. Wing over 9 mm 1long....covviiirienrinennenneennnn 3
Wing under 9 mm long......ciiviiiiinnnennnnnnnn 2
2 Distal end of discal cell, ignoring

the bulige, at about right angle
to its costal side, body rela-
tively Stottassnms vamsmnnosins osborni Ckll.

Distal end of discal cell, ignoring
the bulge, at an angle of about
459 to the costal side, abdomen

slender and banded......... armatipes Ckll.
3. Wing about 16 mm long........ oligocena (Scudd.)
Wing about 10-12 mm long.......... veterna Ckll.



Glossina Wiedemann

Wiedemann, C. E. W., 1830, p. 253.
Type species: longipalpis Wiedemann 1830.
Geological horizona: Recent to Oligocene.

These are robust flies with the median vein (4th
vein) wuniquely, abruptly bent or looped upward
where the anterior cross-vein meets it. The
proboscis is staunch, encased in the palpi and
directed forward. There may be as many as 30
modern species or as few as a dozen, depending
upon whose taxonomy you follow. Today there are
no American species. Several genera have been
suggested for various species groups, but on the
whole these generally are considered to be worth
only subgeneric status or to be synonyms.

Synonyms of fossil Glossina:

Paloestrus Scudder, 1892, pp. 18-19. Type

species: oligocenus Scudder, 1892.
Cockerell, 1907, recognized that

Scudder's genus 1s synonymous with
Glossina Wiedemann.

Cockerellitha Townsend, C. T. H., 1938, p.
166. Type species: Glossina osborni
Cockerell, 1909.

Lithoglossina Townsend, C. T. H., 1938, p.
166. Type species: Glossina armatipes
Cockerell, 1917.

oligocena (Scudder) (Paloestrus), 1892, p. 19, pl. 2,
figs. 1, 4. Type 1locality: Florissant,
Colorado, probably from one of Scudder's
pits in the vicinity of Fossil Stump Hill.

Holotype: a somewhat broken specimen but with
critical areas of the wings intact; Scudder
number 13703 and 14086 (obverse and reverse)
now ir. Museum of Comparative Zoology, Har-
vard University, Cambridge, Massachusetts,



No. 3490a,b. The large size of this
species, with a wing about 16 mm long and
very stout body and long forward projecting
proboscis, makes it easily recognized among
the Florissant Glossina.

AMNH: a specimen, field number 295, collected in
1908 by the Cockerell party, including Wil-
liam Morton Wheeler who probably presented
it to the museum. A second specimen, AMNH
18839, was labeled "Type'" in error. This
may be from the same expedition.

BM(NH): a specimen, No. I. 8421, was recovered by
George N. Rohwer from UCM (Cockerell) pit 14
in the Florissant area. It was sent to the
British Museum by Cockerell in 1907 or 1908.
Dr. Paul Whalley informed me that the
specimen is marked "Florissant station 10."
Cockerell (1907a, b, and 1909b) only men-
tions a specimen collected by G. N. Rohwer
at station 14.

UCM: a fine specimen both obverse and reverse
collected by Frederick Sanborn in 1982 in
the Stoll pit, Wilson and Wickham's site on
the o0ld Wilson Ranch, located west of
Florissant. The specimen was given to the
museum by its finder. It 1is the Dbest
specimen of the species yet discovered.

veterna Cockerell, 1916, p. 17. Type locality: Wil-
son Ranch, west of the present town of
Florissant.

Holotype: collected by George Wilson and sent to
Cockerell by F. H. Ward, now USNM 66281.
The species is markedly smaller than
oligocena, having a wing length of only 10.9
mm.

AMNH: a specimen number 39554. Its source is
not known to me.



osborni Cockerell, 1909a, p. 128. Type locality
Florissant, Colorado.

Holotype: British Museum (Natural History) IN.

19223. Collected in 1908. This is the only
specimen known. The wing is 7 mm long.

Glossina (Lithoglossina)

Townsend, C. T. H., 1938, p. 166.
Type species: Glossina armatipes Cockerell, 1917.
Geological horizona: Recent to Oligocene.

Buxton (1955, p. 23) questioned placement of ar-
matipes in the genus Glossina. He wrote '"in one
species (G. armatipes) the hind Dbasitarsus
carries a pair of stout longitudinally striated
spines, which may indicate that it does not ap-
pertain to Glossina." This supports the evidence
noted in the holotype description (below) setting
the species apart from the other three. It might
be well to consider retaining the genus
Lithoglossina Townsend, 1938, for this species.

armitipes Cockerell, 1917, pp. 19-20. Type locality:
Florissant, Colorado, the pit on the Wilson Ranch
(NW1/4, SEl/4, NE1/4, Sec 3, T 13S, R 71W.) to
the west of the present town.

Holotype: A male collected by George Wilson and
sent to Cockerell by F.H. Ward. This is now
USNM 66282. It is the only known specimen.
The strongly banded, 1long and slender ab-
domen sets this species apart from all of
the other Florissant Glossinidae. The wing:
measures 7.5 mm long and the abdomen 6.5,
and its depth about one-quarter of that.
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Plate 1. Glossina oligocena. Dorsal view of
body and right wing. Specimen collected by

Frederick Sanborn. Note the looped course of
median (4th) vein.
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Plate 2. Close-up of wing of Glossina oligocena
shown in Plate 1. Note '"hooked" median (4th)
vein (see arrow), diagnostic of the Glossinidae.
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