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Editorial

Inventories — What are they good for?

Do we have the same interpretation of species? Do we use the same literature? Can we trust any
chironomid species identification if it is not documented, either through description, reference
literature or reference material? - In my opinion the answers are “no”.

We have all experienced that re-identification of a midge sometimes results in a species or spe-
cies group different from the one the specimen originally was identified as. It could be our own
original identification or it could be someone else’s. The fact that many Chironomidae species are
difficult to identify perhaps makes us experience this more often in our group, I don’t know, but
it is clearly a problem for static inventories and check-lists.

Moreover, many if not most identifications made in faunistic and ecological studies are unrefer-
enced in publications. Thus, there is no possibility for the reader to know what literature was used,
if reference specimens were examined, or even if the material has been deposited in a publicly
accessible collection. How can the reader know if the author(s) used the most recent and geo-
graphically relevant taxonomic revisions and identification keys? It definitely makes a difference
in the interpretation of a species identification (e.g. Tanytarsus mendax) if it is clear that the lat-
est clarification of its taxonomy (Spies 1998) is used and not an older revision (Reiss & Fittkau
1971). So apart from giving credit where it belongs, citing the taxonomic literature is scientifi-
cally important and should be as mandatory as any other methodological reference.

The increased use of molecular markers in species identification, discovery and delineation (i.e.
DNA barcoding) provides an additional set of objective characters for species in Chironomidae.
The Barcode of Life Data Systems database (BOLD) currently holds almost 16 000 sequences of
more than 1000 named species and offer a tool to unify the taxonomy and interpretation of chi-
ronomid species world-wide. Through our work with DNA barcoding of Chironomidae in Trond-
heim, we have discovered numerous cryptic species and molecular data has helped us understand
species boundaries as well as phylogenetic relationships. There is no doubt that this is part of the
future for chironomid taxonomy and thus also disciplines that rely on solid taxonomic founda-
tions for identifications and analysis of species distributions and ecology.

To avoid the creation of useless inventories and erroneous check-lists we should all be careful
in how we use and document our identification procedures. It doesn’t matter if they are based
on morphology or molecules. If the results are not made repeatable by proper description of the
methods, it is not science. Therefore, cite your methods and references, and deposit your speci-
mens in scientific collections!

Torbjern Ekrem

Museum of Natural History and Archaeology, Norwegian University of Science and Technology, NO-7491
Trondheim, Norway. E-mail: torbjorn.ekrem@ntnu.no
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DRr. WiLLIAM P. CorFMAN: CELEBRATING 50 YEARS OF
RESEARCH ON CHIRONOMIDAE

“Midges are an addiction. Can’t get through the
day without my midge fix.” WPC

Bill Coffman’s addiction to midges has been a
revelation and an inspiration to his students and
colleagues for many years. His knowledge of the
family, his uncanny ability to differentiate species
by the pupal exuviae, and his enthusiasm over the
range of wonders, from tiny structures to biogeo-
graphical patterns, is well known and respected.
From humble beginnings at Thiel College, Penns-
ylvania (where he first met his wife of over 40 ye-
ars), to a long and fruitful career at the University
of Pittsburgh, Bill Coffman exemplifies the focus
and the dedication that few scientists have for their
subjects. He trained with the best, including Dr.
John Stall at Thiel, Dr. Ken Cummins at Pitt and
followed the steps of giants in the field through
post-docs at a government laboratory in Baden-
Wurttemberg, Germany. He also spent time at the
Max Plank Institute in Pl6n, Germany, where na-
mes such as Thienemann, Lenz and others adorn
not only the halls of the institution but the taxono-
mic literature as well. He has been honored with
his own chironomid genus (Coffmania) and a spe-
cies (Robackia coffmanii), immortalizing his name
for generations to come.

Dr. William P. Coffman, University of Pittsburgh, Penn-
sylvania, September 2012.

His work has delved into methodologies and de-
fining characters, through ecology and biogeo-
graphy, taxonomy and evolution. His insights
into the Chironomidae family species richness and
diversity, evolutionary patterns, extinction rates,
biogeographical puzzles and adaptation have been
profound and are likely to shape the directions in
this field of research in the future. His collection
of world-wide pupal exuviae is unparalleled and
extensive, with over 1,000 undescribed species,
many from the Neotropics. But perhaps his grea-
test contribution so far is a family of scientists and
researchers that have been touched, bitten perhaps,
by the “bug” of knowing and using this family to
resolve long-standing questions of evolution, bio-
geography, taxonomy and conservation.

Bill Coffman’s collection, now housed at the La
Selva Biological Station of the Organization for
Tropical Studies in Costa Rica, is the foundation
for the development of species-level fine tools for
bioassessment and ecology, with practical applica-
tions to habitat valuation and conservation. His
undescribed species, keys and insights, captured in
exquisitely prepared specimens (over 100,000 in
the collection) and in his detailed notes, sketches
and illustrations, will continue to train students in
the fine points of chironomid taxonomy and ap-
plications. His name will continue to appear in
the chironomid literature for many years after he
iS gone.

“Chironomids are like the bacteria of the aquatic
systems” WPC

Bill Coffman thought of chironomids as the bacte-
ria of the aquatic systems, the most diverse, speci-
es rich and ubiquitous organism in the wide range
of aquatic habitats, from the Arctic Circle to the
deep tropics. Midges occupy habitats unsuitable
to most other organisms, able to thrive from ther-
mal waters to ice-packed lakes; they fulfill every
trophic role in aquatic ecosystems, playing the part
of predators, herbivores, detritivores, filter feeders,
parasites and specialists, feeding on wood, diatoms
and other insects. They have an extraordinary ran-
ge of life habits and an uncanny consistency of life
history, which allowed specialists like Bill to learn
from them how streams and lakes function. They
are a family-level model of entire communities,
offering species-level definition that allows us to
ask questions rarely possible with other groups. In
Bill’s words, they are “the middle man in aquatic



William Coffman collecting aquatic insects in the Murg
River, northern Black Forest near Rogstag, Germany,
1968

Journal and first collection of chironomids by William
Coffman, Winona Lake, Indiana, 1961.

Alotanypus sp. pupal exuviae mounted by William Coff-
man.

ecosystems,” supporting and maintaining the ener-
gy flow of most freshwater ecosystems. And their
diversity is barely known in much of the world.
Thousands of species remain to be discovered
and described, up to 20,000 estimated around the
world, including perhaps the most puzzling and
difficult fauna of all: terrestrial chironomids. In
spite of the challenges, the accumulated knowled-
ge that a handful of specialists like Bill Coffman
have bequeathed us will continue to build through
the continued work on his and other collections.
It is only unfortunate that chironomid taxonomy;,
as a field of study, has not been pursued or sup-
ported by most world universities or institutions.
Very few true specialists continue to work on the
family and the new generation is not coming up
in the needed numbers, at a time when the scienti-
fic world needs them the most. The current wave
of species extinction, mostly through habitat de-
struction and compounded by climate change, will
make the techniques and knowledge application of
this fauna more important than ever.

A new beginning for tropical chironomids

The relocation of Bill Coffman’s collections to
Costa Rica, a country well known for its respect
and love for biological diversity, will ensure a long
life and a continued use of this amazing resource.
The new William P. Coffman Laboratory of Aqua-
tic Entomology at the La Selva Biological Station
will make the collection available to scientists and
students, to continue to develop it and add to it,
explore it, publish its secrets and train a new ge-
neration of local ecologists and taxonomists. His
unique collections from the Afrotropical Region,
India and other locations around the world will be
made available for regional scientists to study and
build upon. The most extensive Nearctic collecti-
on of chironomid pupal exuviae, an important part
of the latest version of the Nearctic Keys to the fa-
mily, will be housed and curated here. Workshops
on the use of chironomid pupal exuviae as tools
in biodiversity surveys, bioassessments, pollution
studies and habitat conservation, will truly revolu-
tionize the way we approach river and stream con-
servation in the Neotropics. Printed and electronic
keys will make use of the latest visualization tech-
nologies, accelerating the learning process for the-
se new chironomid scientists. Other technologies,
such as genetic barcoding, will help elucidate and
resolve long standing taxonomic issues, all based
on the strong foundation provided by many years
of experience in anatomy and morphology. Fu-
ture techniques, such as computer-assisted pattern
recognition, will eventually allow students and
field biologists recognize species much like we



currently use them to recognize fingerprints and
faces. And its applications to conservation, pol-
lution monitoring and control and priority setting
for conservation and management, are just some of
the many upcoming benefits to society.

“When a door opens, and you are young, you go
Sfor it” WPC

During a celebration of Bill’s career at the Depart-
ment of Biology of the University of Pittsburgh,
he recounted his early experiences in biology, as
an undergraduate in Thiel College. His introduc-
tion to chironomids, like for most of us that have
followed similar paths, was in part fortuitous, and
in part absorbing. So many species and so many
forms! How could this have evolved? He spent
four summers collecting and sorting, trying to
overcome the dearth in literature and the resistance
from other biologists to study this difficult group.
Even when redirected as a student of Ken Cum-
mins in Pittsburgh to develop keys to all the aqua-
tic insects of Linesville Creek, he continued to
“chip away at the resistance to name” these many
species, to figure out how can there be so many of
them in a single stream. His doggedness paid off,
inspiring a dozen students and challenging estab-
lished notions. And this legacy will go on, through
his papers, his extraordinary collection, his notes
and drawings and his insights. His legacy will
continue to open doors for those few curious stu-
dents, filled with energy and frustration and deep
and unfulfilled desire to learn and figure out the
roots of this diversity and apply it to today’s biodi-
versity challenges.

A Passionate Scientist, a Scholar and a Teacher

Bill Coffman is, most of all, a well-rounded scien-
tist, dedicated to his field with a quiet but intense
passion, the same passion and attention to detail

William Coffman introducing his daughter Kendal to
Chironomidae, 19609.

Dr. William P. Coffman at the University of Pittsburgh,
Pennsylvania.

he applied to his personal life. For many years he
collected stamps with a depth of knowledge and
thoroughness only comparable to his knowledge
of the midges. He studied history with a critical
and discriminating eye, amassing an extraordinary
library that he voraciously consumed and interna-
lized. His expertise in World War 11, in tropical
exploration and history is hardly known by anyone
outside his near family circle. He lived a relatively
solitary professional life, teaching courses at Pitt
(including Introductory Biology) that inspired tho-
se that cared to listen with his understanding and
craving for knowledge. Largely lost in a young
generation, those that did listen were inspired and
moved, as the many testimonials from students at-
test. Bill was not one to go to many professio-
nal meetings, nor did he pursue research grants or
feel that needed them. His tools were simple: two
microscopes, a drawing tube, his notebooks, and
few hand tools. His biggest investment was time:
time to seek, see, compare, discriminate and re-
solve. After nearly 50 years of looking at millions
of chironomid exuviae with a single-minded and
hyper-trained eye, he broke through the extraordi-
nary fog of species and resolved the characters and
the keys, fine-tuning the pieces of the puzzle that
have stumped researchers before him for over 100
years. Much like deciphering a hieroglyph, the
tiny exuviae released their secrets to him, which
he captured and preserved in his slides and notes,
in his impromptu lectures to a fortunate few, in his
field observations and his deep biogeographical
and taxonomic insights. This is one of William
Coffman’s most important scientific legacies.

However, his most important legacy has been the
gift of his friendship, his mentorship, his love for
science and his family, his relentless pursuit of
knowledge and his deep human qualities. Many
people benefitted personally and professionally
from their association with Bill Coffman. He de-
veloped long lasting relationships with people like



Sam Roback, the Dean of North American chi-
ronomid workers, and Ken Cummins and is wife
Peggy Wilzbach, who collected and shared many
specimens from their trips around the world. Sci-
entists like Jim Sedell, Norman Anderson, Henri
Laville, Jan Sykora and former students like Rick
Jacobson, Lou Yurasits, Len Ferrington, Dave War-
tinbee, Bill Walker, Roger Carrillo and | (among
others) benefited and made careers from our close
relationship with Bill, providing specimens, in-
sights, writing papers and developing theories that
together represent the accumulated knowledge of a
productive career. Our gratitude cannot be expres-
sed with simple words, but it is immortalized by
our joint accomplishments, the papers we wrote,
the courses we taught, the species we discovered
and the memories we shared. Thank you, Bill, for
all that you have done for all of us.
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DEAR SEPP!

We miss your activity, your scientific leadership
and your encouraging laughter.

Much has been said about your numerous merits,
in the gratulations to your 75th and 80th birthday
in Chironomus Newsletter'?, in the celebration of
the award of the Meigen-medal®, and on the oc-
casion of your retirement as director of the ZSM*.

Only one honourable act is missing from these ac-
counts: the opening of ,,Sammlung Fittkau* 2011
in the Museum of Ethnology in Munich, a large
collection of different South American artifacts of
mainly Amazonas tribes, showing the outcome of
your and your dear wife’s friendship with those
people. One newspaper declared the collection as
,»the second part of your scientific life”. I congratu-
lated you at the time for stepping on the road to im-
mortality. Well, you are still immortal in this sense.

I remember an early visit to P16n, where to a speci-
al room of family Fittkau the entrance for visitors
was strongly forbidden, because of the danger that
one would not return alive as a consequence of the
many poisoned arrows etc. in the room.

We would not like to repeat all your merits here.
But we thought that those who were closely con-
nected with you, should report on their most me-
morable reminiscences of you, so to speak ,,The
best of Sepp™.

Wolfgang

Wolfgang Wiilker:

In 1968, you and I were together at the Interna-
tional Congress of Entomology in Moscow. Both
of us were selected to take part in a post-congress
excursion to Borok on the river Volga. Our Rus-
sian colleagues still acted with some reservation
towards the ugly Germans in Moscow, but in Bo-
rok they were thawing remarkably and we had nice
evenings with various local families. We both were
directed to stay in a small house together with a
nice young lady as our supervisor (most probably
the daughter of a mighty Russian). In the begin-
ning, she wanted to take a bath and was not sure
whether or not this was ok in the presence of two
wild Germans in the same house. I never forget
you saying ,,we are very shy persons“ — which in-
deed we were - and so the bathing could go on!

Elisabeth Stur:

Sepp became my ‘Doktorvater’ in 1993, right after
he retired as director of the ZSM. He had been per-
suaded by Ulrike Nolte to take one ‘last” PhD-stu-
dent to work with chironomids in Brazil. — Well, as
it turned out, I was not his last PhD student, — he
could not say “no” to supervise the remaining ‘last
students’, my Brazilian friends and colleagues An-
gela, Sofia and Maria. Sepp and his beloved wife
Elise has been part of my life since then, and I am
very grateful for all their support.

Elise and Sepp at the train station in Icking, Germany, July 2011. Photo: Angela Sanseverino.



Joachim Illies and Ernst Josef Fittkau on their way to collect at the Wasserkuppe, 1948. Photo: Family archive.

I have many fond memories of Sepp. As supervi-
sor he was very patient in explaining morphologi-
cal structures and teaching how to draw, and he
was always encouraging in the writing process.
However, his care for students and colleagues be-
yond the professional activity was perhaps even
more remarkable — no matter what background the
person might have.

One memory I have is from a warm sunny Feb-
ruary-day in Munich when I could convince him
to leave the office for the benefit of some hours in
the nearby Biergarten. It was such a fine day and
we had a very joyful conversation of bygone days;
including stories from his time with Thienemann,
Brundin and many other chironomologists whom
I only knew from literature. I still remember this
day with affection.

Angela Sanseverino:

»The lines are too straight; your drawing needs
more movement and life. It was a spring morning
in 2000, and with those words Sepp introduced me
the art of taxonomy. Immediately he took his pen
and ink, and showed me how to give to a seta a

10

simple and elegant movement. Sepp was always
filling our lives with his enthusiasm and friends-
hip. And of course, making us laugh with his brilli-
ant stories, which are so well known by those who
had the privilege to have been part of his life. I met
Sepp for the first time in 1994, during the first Bra-
zilian Chironomidae meeting. At that time I was
a biology undergraduate student and after some
minutes talking to him, I knew for sure that in the
future I would like to do my doctoral dissertation
under his supervision. It took five years more until
I could finally be ready to start my PhD in Munich.
Sepp generously accepted to supervise me, even
though it would cost hours of his time, which he
was aiming to spend entirely with his wife Elise
and family after so many years dedicated to scien-
ce and research. He was not only a supervisor, but
a mentor and a dear friend who had always a kind
word and smile and a house with opened doors to
his students. Elise and Sepp have always welco-
med me with open arms to their home. Like the
warm welcome they gave me and my family last
year in July, when we visited them in Icking af-
ter the Chironomid Symposium in Trondheim. We
had a very nice conversation about family, friends,
old stories and the future. On May 18,2012 I came



to Icking to say goodbye to Sepp. It was also a
spring morning. We did not exchange words, it
was not necessary. Some flies, bees and butterflies
were flying around. A light wind blew making flo-
wers and trees move exactly the way Sepp once
intended to explain to me.

Sofia Wiedenbrug:

I was lucky to be Sepp’s PhD student and there
are many stories that I could tell. He impressed me
quite a lot right from the beginning! I had brought
many samples from Brazil to Germany, but in Mu-
nich I realized that this material was insufficient
to work on my PhD and I was so desolated about
that! So, Sepp told me, he was invited to the “I
Encontro Brasileiro sobre Chironomidae” in Rio
and that I should attend this meeting, too. He of-
fered himself to go with me to south Brazil in order
to do some sampling after the Congress. At that

Young family in Manaus, 1963. Photo: Family archive.
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time, I was not an experienced driver so he himself
drove the car from Rio de Janeiro to Porto Alegre
which, by the way, is a 1.500 km trip, teaching me
all the way down to the south a lot about the fauna
and flora of my own country. He was very pleasant
company and a gentleman!

He is still present in my mind while I'm working, I
can hear his comments about the drawings and the
importance of being able to see and interpret dif-
ficult structures. I miss him as a teacher and I miss
him as a friend. Thank you, Sepp.

Maria C Messias:

I was introduced to Sepp by my adviser Sebastido
de Oliveira, in Instituto Oswaldo Cruz , Rio de
Janeiro, 1995. Both had met after a period of 20
years, when Sepp and Oliveira celebrated this oc-
casion for the peer-reviewing of my Ph.D. thesis
proposal to Instituto Oswaldo Cruz and Zoologis-



che Staatssammlung, Germany. Later, several ti-
mes I heard Sepp encourage me to advance the re-
search work telling me ,, go on, Maria, the work is
going ok, a big master does not fall from heaven®.
What I learned from him was not only on Chiro-
nomidae, but personal values such as happiness of
living, to share and celebrate friendship. A master
might not fall from heaven, but a master like Sepp
stimulated us to grow with him, to dream and work
hard, so that we can achieve our dreams, heaven
and perfection.

Martin Spies:

In my early 1980s undergraduate years — long be-
fore I succumbed to the siren song of the midges
(you never ordered or coaxed me into this group)
— on the way to a field course you told me some
things about your work on chironomids. Suddenly
you burst into a desperate cry (like I never heard
from you again): “That [personal name omitted
here] is destroying my [taxon name omitted here]
systematics!” In the years to follow, you proceeded
to collaborate closely with that same person to pro-
duce several standard references for everyone stu-
dying the taxon in question. You tried hard not to
let differences in professional opinion affect perso-
nal relations, and in the interests of the latter you
were ready to make compromises in the former.

In your words of gratitude upon being awarded the
Meigen medal®, you wrote: “It has been a parti-
cularly important aim for me to coordinate chiro-
nomid research internationally and to provide trai-
ning for junior colleagues.” I feel fortunate to have
watched you do both, and to be among those aware
of the resulting benefits we keep enjoying. You
have succeeded, Sepp, and — in contrast to some
elbow societies in other disciplines — our commu-
nity has been the better for that work of yours.

When someone approached you with an idea for
something to study, you often responded with a
broad smile and your jovial “Machen Sie mal!”
(the closest translation, unfortunately, has become
a copyrighted slogan for a global sportswear sel-
ler). I cannot thank you enough for all your opti-
mistic encouragement, infinitely patient guidance,
and unselfish help.

If there is any place where we may meet again,
I’m positive that you’ll receive us there with now
eternal energy and enthusiasm, and share with us,
immediately after our arrival, what you’ve disco-
vered in this next new world of wonder.
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Roland Gerstmeier:

In 1980 Sepp gave me the opportunity to prepare
my doctoral thesis at the ZSM. I really appreciated
the topic — especially when I was in a small boat
on large Starnberger See, hauling an Ekman-Birge
sampler with profundal benthos and substrate for
up to 120 m from bottom to surface. Much deeper
still, however, was my gratitude for the total freed-
om that Sepp offered me and all his students.

I greatly enjoyed coffee breaks at the museum
with him and Frieder Reiss, when the two reco-
unted their adventures in South America — stories
about indigenous people in Amazonia, for example
Sepp’s affiliation with the Canela tribe, or about
struggles with flight attendants when he brought
whole spears, blowpipes or canoes into the cabin.
One evening in a hotel room shared with Frieder,
Sepp intentionally broke a giant traditional, old
and precious clay pot. When Frieder cried out why
he did this, Sepp’s answer was: “How else should
I bring this on the airplane? I can glue the pieces
back together in Munich” (which he did). In 1983,
at the age of 56, Sepp travelled to Peru with some
considerably younger companions. After a 45-mi-
nute drive from Lima to the high Andes (4800 m),
Sepp jumped out of the car and galloped across
the slopes like a mountain goat, while his fellow
travelers suffered from bad headache and lethargy.

Sepp has opened my way and my senses to many
things — he will always be in my mind and in my
heart.

Claus Orendt:

[ remember Sepp as a master of ,,very dry humour*
or stories, which seemed unbelieveable to students
of today. One example of each:

When we were on our first field campaign for my
diploma thesis, Sepp accompanied me on our boat
at Lake Chiemsee hauling some corers for sediment
samples on a beautiful and warm day of spring.
Everything was great: the wheather, the sampling
site and landscape, and in the background the gor-
gious scenery of the nearer mountains of the Alps.
We all were really impressed by this paradise-like
surrounding, and when we thankfully realized and
expressed this with words at the same moment, he
concluded: ,,Really, you should pay an extra char-
ge to be allowed to do this work here.*

The other story happened even earlier, when we
were on excursion to study aquatic invertebrates
in a student‘s course. The whether was cold and
rainy, and none of us were very motivated to stay



longer in the nature. We’d rather go home and
study the animals collected the day before or al-
cohol-preserved material in the warm lab. In this
moment, when he noticed our severe decline in
motivation, Sepp started to tell stories of tough
excursion conditions from times when he was a
student and a young researcher. During one cold
excursion they were happy to find a (cold) spring,
in which they were able to warm up their hands...
However, Sepp overestimated the pedagogical use
of his description. We weren’t just impressed, but
also shivered, and not convinced to get a grip on
ourselves.

In his job, Sepp had only very restricted time or
space for personal things. For us as students and
a very long time after the examinations, he was
,Professor Fittkau* or simply ,,Fittkau®. But later,
he dearly tried to compensate for this and realized
that he had neglected something which should be
brought in order. One of the nicest moments for
me was - [ think it was at his 70% birthday party
taking place at the Zoologische Staatssammlung
Munich —, when he came to me (and others), at
a certain time, clapped friendly on my shoulder,
and declared with a bright and very happy smile:
1 told the others [i.e. students, and perhaps some
staff from the museum], that I am ,Sepp‘”. That
came deeply from his heart and showed his sense
of responsibility for a familiar atmosphere. This
was greatly appreciated.
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DR. MARTA MARGREITER - KowNAcka (1939 —2012)

Dr. Marta Margreiter - Kownacka (1939-2012)

Marta Margreiter—Kownacka was born on 14 Sep-
tember 1939 in Krakdw into the family of the re-
nowned Polish archaeologist, Professor Stanislaus
Buratynski. After graduating from high school in
1956 Marta was accepted into the Faculty of Bi-
ology and Earth Sciences at the Jagiellonian Uni-
versity in Krakow to study biology. In October
1961 Marta was employed by the Department of
Water Biology, Polish Academy of Sciences and
embarked on a decade of important research. She
joined the team that was conducting a comprehen-
sive study of high-mountain streams, lakes and
small reservoirs, mainly of the Tatra mountains,
and comparing the results with other mountain

ranges in Europe. In 1968, Marta defended her
thesis “Bottom animals of the Sucha Woda stream
(High Tatars) on an annual basis,” and was award-
ed her PhD. The results of this period of research
she published together with her first husband, An-
drew Kownacki. In the same time, together we
started research on alpine Chironomidae, describ-
ing several new species for science of the genus
Diamesa.

In 1972 Marta gained a scholarship at the Univer-
sity of Innsbruck. An injury while skiing resulted
in her long-term treatment in Austria, which ulti-
mately became her home. From 1973 until 1986
she was a contract researcher at the University of
Innsbruck, and in 1986, at the Austrian Academy
of Sciences in Vienna. When the contracts expi-
red, Marta established her own Institut fiir Oko-
metrie (Institute for Ecometrics) in Vienna, where
she carried out research on the impact of hydrode-
velopment on alpine streams for both government
and commercial organizations. Marta met her se-
cond husband, Gerhard Margreiter in Austria. He
died on 7 March 2011 in Vienna.

Marta published more than 50 scientific papers
and expert opinions and participated actively in
many scientific congresses and conferences. She
was honoured with the naming of a new species of
fly (Chironomidae, Diptera) in her name—Diamesa
martae. Her biography is published in “The Great
Encyclopedia of the Tatra Mts” (Paryska, Paryski,
1995).

Andrzej Kownacki

14



CURRENT RESEARCH

CHIRONOMIDAE (DIPTERA) IN THE HIMALAYAN LAKES — A STUDY OF SUB-FOSSIL
ASSEMBLAGES IN THE SEDIMENTS OF TWO HIGH ALTITUDE LAKES FROM INEPAL

Subodh Sharma?, Susan E. Gresens? and Berthold Janecek®
tAquatic Ecology Centre, School of Science, Kathmandu University, Nepal
E-mail: subodh.sharma@ku.edu.np

2Department of Biological Sciences, Towson University, MD, USA
SUniversity of Natural Resources and Applied Life Sciences (BOKU), Vienna, Austria

Abstract

Chironomid head capsules were identified from
sediment cores taken from Lake Gokyo (4750 m)
and Lake Gosaikunda (4350 m) in the east-central
Himalaya, to determine taxonomic composition of
chironomid assemblages over time. The sedimen-
tation rate of Lake Gosaikunda was estimated at
0.05 cm/yr and that of Gokyo was estimated at 0.07
cm/yr by *'°Pb and '*’Cs dating. Micropsectra sp.
was dominant in the sediments of both lakes. Lake
Gokyo sediments also contained Pseudodiamesa
sp., Eukiefferiella/Tvetenia sp., Orthocladius/Cri-
cotopus sp. and Rheocricotopus sp. The concentra-
tion of headcapsules was nearly an order of mag-
nitude greater in the Lake Gosaikunda core, which
contained mostly Micropsectra sp. and Pseudo-
diamesa sp. These taxa are typical of cold oligo-
trophic lakes. Differences in lake depth, dissolved
minerals, plus epi- and hypolimnetic temperature
and dissolved oxygen suggest that stratification
and temperature-induced increases in primary
production may affect chironomid assemblages
in these pristine lakes. Palaeolimnological studies
of Himalayan lakes should include replicate cores
within lake, to increase headcapsule sample sizes
given potentially high rates of sedimentation from
glacial runoff.

Introduction

High-altitude lakes are considered to be very sen-
sitive to climate change (Parry et al. 2007). Cli-
mate change is an especially pressing environmen-
tal issue for a country like Nepal with its location
in the Central Himalaya. The normal seasonal pat-
tern of monsoon rainfall appears to be changing,
but there is little data on variation in the form and
amount of precipitation across the Himalaya, and
consequently much uncertainty about the fate of
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Himalayan glaciers in the face of climate warm-
ing (Bolch et al. 2012). Shrinkage of many of
these glaciers affects the discharge of rivers and
lakes in the region. Palaeolimnological techniques
present the possibility to infer change in environ-
mental conditions over time, such as lake water
temperature (Walker et al. 1991) using sub-fossil
chironomid head capsules preserved in lake sedi-
ments. However, climate reconstruction modeling
requires a calibration dataset based on samples of
chironomid head capsules from a large number of
lakes spanning a gradient of average temperature.
The strong association between lake temperature
and lentic chironomid distribution has been well-
established by numerous calibration datasets from
Western Europe and the Nearctic (Eggermont and
Heiri 2011). A calibration dataset for Nepalese
lakes has not yet been constructed: this study rep-
resents a necessary first step towards establishing
the relationship between chironomid assemblages
and temperature for Himalayan lakes by sam-
pling two remote very high altitude lakes. There
is hardly any information available on chironomid
assemblages and temperature for Himalayan lakes
and this study is therefore a necessary first step,
based on which several other high altitude lakes
are planned to be studied in the future.

The chironomid fauna of the high altitude lakes
in the Nepalese Himalaya in particular are poorly
known. This is due to the physical difficulty in
reaching these lakes, as well as government re-
strictions on access. Fortunately, most of the high
altitude lakes in Nepal are protected by law and
categorized as National Parks and Nature Re-
serves and thus have experienced relatively little
direct human disturbance. Limnological studies in
the Nepal Himalaya have focused on low altitude
lakes (Bhandari 1993; Swar 1980) due to the vis-
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ible impact of nutrient enrichment and eutrophica-
tion. In contrast, the water chemistry of high-ele-
vation lakes is mainly determined by weathering
of rocks (Tartari et al. 1998); similar high altitude
lakes in Sikkim and Kashmir (Zutshil991; Khan
and Zutshi 1980; Sharma and Pant 1979) exhibited
very low concentrations of dissolved nutrients and
minerals and also low phytoplankton abundance.

Previous studies of the chironomid fauna of nine
Himalayan lakes, located at altitudes from 4830 m
to 5580 m, were conducted by Manca et al. (1998),
Reiss (1968), Roback and Coffmann (1987), and
Loeffler (1969). The first detailed study on mor-
phometry, bathymetry, physico-chemical, and bi-
ology of high altitude lakes in Nepal was provided
by Lami et al. (1998), and included a palacolim-
nological component. The World Wildlife Fund/
Nepal (2010) reported the first survey of the Lake
Gokyo Series, including bathymetrics, sediment-
dating and a description of the chironomid fauna.

The aim of this study was to describe the sub-
fossil chironomids assemblages in sediments from
the deepest part of two high-elevation Himalayan
lakes, in conjunction with temperature and oxygen
measurements. These data establish the distribu-
tion of lentic chironomid taxa at the low-tempera-
ture/high elevation extreme and thus contribute to
the construction of a calibration dataset specific to
the Himalayan region.

Materials and Methods
Study sites

Two lakes in the main Himalayan range were
studied: Gokyo (“Third Lake”) which lies in the
eastern zone of Everest National Park, and Lake
Gosaikunda, lying in the central zone of Langtang
National Park (Figure 1, Table 1). Lake Gokyo
is fed by drainage from Ngozumba glacier and
springs from Renjo La Pass to the north-west.
Although there are four other major lakes in the
headwaters of Kosi River system, they have no
surface-water connection to Lake Gokyo. Lake
Gosaikunda is fed by snowmelt and by a perennial
spring source to the north-east, considered a holy
place by Hindus and Buddhists. There are many
lakes in the series connecting Lake Gosaikunda
with the River Trisuli in the Gandaki river system.
The geology surrounding the lake consists mostly
of exposed bedrock and glacier debris (Bortolami
1998). The lake bottom is composed of silt-clay
sediment in the deeper water and sand-silt in the
littoral zone. The average minimum temperature in
the Everest region of these high-altitude lakes is
-7.7°C in January, and the average maximum tem-
perature is 16.2°C in August (Tartari et al. 1998).
Vegetation in the catchment is sparse but consists
of juniper, rhododendron and herbs.

Bathymetric maps of the lakes were compiled us-
ing GIS software from sounding data collected us-

Sediment core — Lake Gokyo

Sediment core — Lake Gosaikunda
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Figure 1. Location map and photos of the study area (not in scale). Lake Gokyo (Mt. Everest National Park) is shown
to the right and Lake Gosaikunda (Langtang National Park) to the left.
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ing a GPS (Garmin Venture SC) in tandem with Table 1. Parameters of Lake Gokyo, sampled May 2009,
an Ecosounder model PLASTIMO ECHOTEST II and Lake Gosaikunda, sampled October 2010 (Aquatic

(Sharma et al. 2011). Sediment samples were col- Ecol.ogy‘ Centre, Kathmandu University, personal com-
lected from the deepest part of the lakes (Figure 2) munication).

using a Uwitec gravity corer, @ 60mm diameter Name of lake Gokyo Gosaikunda
(http://www.uwitec.at) operated from an inflatable Coordinates 86°41’N 28°5'N

boat. Sediment dat.lng was performc.ed by analysis 27957 E 85°25'F

of 2'%Ph and "’Cs isotopes at the Tibetan Plateau

Research Institute of the Chinese Academy of Sci- Elevation 4750 m 4426 m

ences in Beijing (WWF/Nepal 2010). Two core Surface area 42.9 ha 13.8 ha
samples were collected from Gokyo Lake, and one Max. depth 420m 240m

from Gosaikunda Lake; cores were cut into 5 mm

slices and transported in an ice box. Only the core Temp (top/bottom) | 8.0/4.5°C 9:217:5°C

2 was actually dated from Lake Gokyo. DO (top/bottom) 8.3/6.3 mg/L  6.1/3.6 mg/L

Chironomid head-capsule analysis Na 037 mg/L 1.93 mg/L
» ) ) K 0.26 mg/L 1.80 mg/L

Although the chitin head capsule of chironomid Fe 0.78 mg/L 0.80 mg/L

larvae may remain preserved in lake sediments for
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Figure 2. Bathymetric map of Lake Gokyo (left) and Lake Gosaikunda (right). Stars indicate sites where the sediment
cores were taken.

thousands of years, they are usually lacking deli- Results
cate morphological features; yet they can be iden-
tified to genus level, or at least grouped into con-
sistent morphotypes. Extraction of head capsules
from sediment samples followed the methods of
Walker (2001) for air dried sediment samples, but
with slight modifications. Samples were defloccu-
lated in 10% KOH overnight (up to 18 hrs) without
heating. The sediment was then passed through a
100pm mesh sieve and chironomid head capsules
were removed by a fine probe under a stereomi-
croscope at 40x. After dehydration in 95% etha-
nol, head capsules were slide-mounted in Euparal.
Identifications were made at 400%, based on the
keys of Wiederholm (1983), Roback and Coff-
mann (1987), Walker (2007), and Brooks et al.
(2007). Head capsules with a complete mentum
or two corresponding halves were counted as one
individual. Slides are retained at the Aquatic Ecol-
ogy Centre of the School of Science, Kathmandu
University. The sub-fossil chironomid assemblage in Lake

Gokyo was dominated by Micropsectra sp. (Tany-

tarsini) and Orthocladiinae, with some Pseudodia-

In Lake Gosaikunda, the number of head capsules
per sub-sample within the core ranged from 62 to
175, whereas in Lake Gokyo the concentration of
head capsules was lower, from 7 to 41 per sub-
sample of core 1 and from 8§ to 30 for core 2 (Fig-
ure 3). In Lake Gokyo, numbers decreased from
the sediment surface to 4 to 5 cm depth; density
then started to increase towards 6 cm depth, and
then decreased at 15 to 10 cm depth in core 2. The
natural sedimentation rate in Lake Gokyo was es-
timated at 0.07 cm, and in Lake Gosaikunda as
0.05 cm per annum on average. Extrapolation of
this value to the sediment cores suggests that cores
from Lake Gokyo might represent a time span of
approximately 140 years, and that of Lake Gosa-
ikunda as 1000 years. However, a single core does
not necessarily reflect sediment loading for the
lake as a whole (Lami et al. 1998).
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Figure 3. Head capsules count in two different cores from Lake Gokyo (left), and single core in Lake Gosaikunda

(right).

Figure 4. Chironomid stratiography of Lake Gokyo in core 1 (left), and core 2 (right). Chironomid taxa are given as %
abundance; sum represents the total number of head capsules.

mesa (Diamesinae; Figure 4). The Orthocladiinae
were represented by an Orthocladius / Cricotopus
morphotype and an Eukiefferiella / Tvetenia mor-
photype. The remaining orthoclad, Rheocricoto-
pus sp. was distinctive and was found in both of
the Gokyo cores. In contrast, Lake Gosaikunda
was dominated by Micropsectra sp. followed by
Pseudodiamesa sp. (Figure 5) with occasional oc-
currence of Orthocladius sp.

Discussion

The greatest difference in chironomid assemblages
was seen in the concentration of head capsules in
the sediment cores, which was almost an order of
magnitude greater in Lake Gosaikunda (Figures
4, 5). This may be due to greater sedimentation
rates in Lake Gokyo, which receives direct glacial
meltwater. The trend of lower numbers of head
capsules at shallower sediment layers might
possibly reflect increased sedimentation from
glaciers, which have generally been receding in the
central and eastern Himalaya (Bolch et al. 2012).
The three cores from these two lakes were more
similarin terms ofrelative abundance of chironomid
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Figure 5. Chironomid stratiography of Lake Gosaikun-
da. Taxa are given as % abundance and sum represents
the total number of head capsules.

taxa. The Serensen distance (based on relative
abundance data) between the two assemblages from
Lake Gokyo was 34.5%, whereas the distances
between the Lake Gosaikunda assemblage and
those of Lake Gokyo cores 1 and 2 were slightly



larger at 47.4% and 41.0% respectively. Overall,
Micropsectra sp. was dominant and composed up
to half of the individuals per core in both lakes
(Table 2). Pseudodiamesa was sub-dominant in
Lake Gosaikunda (41%), whereas in Lake Gokyo
Orthocladius/Cricotopus was subdominant.

In the Nepal Himalaya above 2000 m, Roback and
Coffmann (1987) reported Micropsectra sp. as the
dominant Chironominae. Manca et al. (1998) also
found Micropsectra larvae in 27 lakes out of 28
studied, located between 4532 m and 5580 m in the
Everest National Park. They believed that there

Pseudosmitta were also reported by Loffler (1969)
in the region at lower altitudes between 2500-2600
m. Rheocricotopus found in both the cores from
Lake Gokyo is also reported by Hamerlik et al.
(2010) from Sharmar Tso Lake in Tibet.

Given that both lakes are fed by glacial meltwater
and/or snowmelt in landscapes dominated by bare
rock and glacial debris, it is likely that a combina-
tion of high sedimentation and low primary pro-
duction rates explain the low abundance and taxo-
nomic composition of chironomid head capsules
in these lakes. Higher concentrations of head cap-

Table 2. Relative abundance (in %) of chironomid taxa recorded in the lake sediments of both the lakes.

Taxon Lake Gokyo Lake Gosaikunda
core 1 (6 cm) core 2 (10 cm) (20 cm)

Eukiefferiella/Tvetenia sp. 25 0 0

Micropsectra sp. 38 53 58

Orthocladius /Cricotopus sp. 18 37

Orthocladius sp. 0 0

Pseudodiamesa sp. 14 41

Rheocricotopus sp. 5 5 0

were at least two forms of Micropsectra larvae in
the region, the most widespread being similar to
other undescribed species reported by Roback and
Coffmann (1987). Hamerlik et al. (2010) reported
Micropsectra sp. as the most abundant taxon in the
Tibetan lakes they studied, and considered this to
represent a species close to Micropsectra nepa-
lensis Sawedal, as described in Roback and Coff-
mann (1987). Across the Holarctic, Micropsectra
is typical of cold, unproductive lakes (Eggermont
and Heiri 2011).

Pseudodiamesa is also a dependable indicator of
cold temperature lakes in the Holarctic (Egger-
mont and Heiri 2011). Pseudodiamesa sp. in this
study probably represent Pseudodiamesa (Pach-
ydiamesa) nepalensis Reiss as reported by Reiss
(1968) above 5000 m a.s.l. in the Nepal Himalaya.
Manca et al. (1998) mentioned that in the Hima-
laya P. nepalensis probably replaces both P. nivosa
(Goetghebuer), which is wide-spread in the palae-
arctic region, and P. branickii, a Holarctic species
found at 850-2500 m elevation, and at higher el-
evations in Central Asia and Nepal (Pagast, 1947;
Sather, 1968).

Manca et al. (1998) reported Orthocladiinae as
fairly common and in the Everest region, and com-
posed of three genera, of which the commonest is
Cricotopus. However, samples of adult chirono-
mids made during this survey contained Orthocla-
dius sp. but not Cricotopus sp. Acricotopus and
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sules obtained from Lake Gosaikunda may reflect
the morphometry of Lake Gosaikunda which has
a smaller surface area and is almost half as deep
than Lake Gokyo (Table 1). Though Lake Gosa-
ikunda was sampled in October (vs. May for Lake
Gokyo) the surface water temperatures of the two
lakes differed by little more than a degree; in con-
trast the bottom water of Lake Gosaikunda was
three degrees warmer and contained only 57% as
much dissolved oxygen compared to Lake Gokyo
(Table 1). These data, together with higher con-
centrations of dissolved Sodium and Potassium
from weathering, suggest that Lake Gosaikunda
supported slightly higher productivity of chirono-
mids, due to warmth and possibly autochthonous
production. Lake depth, the degree of stratifica-
tion and hypolimnetic oxygen deficit may relate
to the differences in chironomid assemblages ob-
served (Heiri et al. 2003; Velle et al. 2010).

The low and variable concentration of head cap-
sules, especially in the Lake Gokyo cores, cre-
ates uncertainty in interpretation of the shifts in
chironomid composition observed. This varia-
tion may reflect changes in silt load from glacial
melt-water. In general, it is more difficult to infer
recent temperature change, because variation in
local environmental factors masks our ability to
detect small temperature changes of only a cou-
ple of degrees (Velle et al. 2010, Velle et al. 2012,
Eggermont & Heiri 2012). Lake morphometry
influences variation in sediment cores, due to eco-



logical responses of chironomid taxa to depth and
development of the littoral zone and stratification
(Heiri et al. 2003). Chironomid calibration data-
sets are commonly based on single cores from the
deepest part of the lake. A comparison of within-
lake spatial variability in chironomid assemblages
and its impact on temperature modeling found sig-
nificant heterogeneity among cores from the deep-
est part of five lakes, as well bias due to change
in assemblage structure in cores along littoral to
profundal transects (Heiri et al. 2003). Change in
lake trophic status may or may not be related to av-
erage temperature change, thus the cause of shifts
in chironomid assemblage composition must be
interpreted judiciously in temperature reconstruc-
tion (Velle et al. 2010).

Given the spatial variability of precipitation within
the Himalaya (Bolch et al. 2012) as well as global
warming, Lakes Gokyo and Gosaikunda provide
valuable baseline data on subfossil chironomid
assemblages of high-altitude, unproductive lakes.
Given the large amount of variability in lake-spe-
cific factors such as morphometry, productivity
and exposure of the catchment to persistent snow-
packs, future sampling effort may best be directed
towards increasing the number of lakes sampled
and measuring additional temperature proxies
from the cores, e.g. diatoms or pollen (Chase et
al. 2008; Velle et al. 2010; Eggermont and Heiri
2012). Thus, across lakes, a clearer signal of re-
gional temperature change may be inferred. Sam-
pling design for construction of a Himalayan
calibration dataset must also address covariation
of temperature and trophic state: while the cold-
est, highest altitude lakes are least impacted by
human activity, lakes at lower elevations are not
only warmer, but are more likely to be impacted
by anthropogenic nutrient enrichment. The remote
location of Lakes Gokyo and Gosaikunda is a re-
minder that it can be difficult to quantify average
annual air temperature appropriately; however the
measurement of epi- and hypolimnion temperature
and dissolved oxygen, as reported here, is valuable
in modeling the relation of chironomid assem-
blages to lake temperature (Eggermont and Heiri
2012). Replicate within-lake cores will be vital for
future palaeolimnological studies of those Himala-
yan lakes where sedimentation rates may be high
and chironomid productivity is low. In the Hima-
laya, continued deposition of debris by receding
glaciers is forming many new lakes (Bolch et al.
2012), which will provide an opportunity to ob-
serve both ontological changes on lake productiv-
ity as well as responses to climate change.
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Introduction

It is well established that the traditional taxonomy
and nomenclature of Chironomidae relies on adult
males whose usually characteristic genitalia pro-
vide evidence of species distinction. In the early
days some names were based on female adults
of variable distinctiveness — but females are dif-
ficult to identify (Ekrem et al. 2010) and many of
these names remain dubious. In Russia especially,
a system based on larval morphology grew in par-
allel to the conventional adult-based system. The
systems became reconciled with the studies that
underlay the production of the Holarctic generic
keys to Chironomidae, commencing notably with
the larval volume (Wiederholm, 1983). Ever since
Thienemann’s pioneering studies, it has been evi-
dent that the pupa, notably the cast skins (exuviae)
provide a wealth of features that can aid in identi-
fication (e.g. Wiederholm, 1986). Furthermore, the
pupae can be readily associated with name-bearing
adults when a pharate (‘cloaked”) adult stage is
visible within the pupa. Association of larvae with
the name-bearing later stages has been much more
difficult, time-consuming and fraught with risk of
failure. Yet it is identification of the larval stage
that is needed by most applied researchers due to
the value of the immature stages of the family in
aquatic monitoring for water quality, although the
pupal stage also has advocates (reviewed by Sin-
clair & Gresens, 2008). Few use the adult stage for
such purposes as their provenance and association
with the water body can be verified only by emer-
gence trapping, and sampling of adults lies outside
regular aquatic monitoring protocols.

An answer to this mismatch in demand and taxo-
nomic expertise may lie with the actual and poten-
tial use of molecular data. In the past two decades
researchers have used data derived from DNA to
estimate phylogenies for their inherent interest
(e.g. Guryev et al. 2001), in supplementing mor-
phological characters (Cranston et al. 2012), in es-
timation of support for biogeographic hypotheses
(e.g. Krosch et al. 2009; Cranston et al. 2010) and
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increasingly to propose identification of any or all
stages (Carew et al. 2007; Ekrem et al. 2007). In
the realm of understanding midge diversity and
community structure, cryptic diversity has been
detected (Carew et al. 2005) including by use spe-
cifically of a ‘DNA barcoding’ approach (Pfen-
ninger 2007; Sinclair & Gresens 2008; Ekrem
et al. 2010). Phylogeographic molecular genetic
studies have been undertaken to reveal the origin
and maintenance of chironomid populations (e.g.
Martin et al. 2002; Krosch et al. 2009; Kaiser et al.
2010) and fine-scale patterns of gene flow among
adjacent streams have been assessed (Krosch et
al. 2011a). Early on, adult stages were used in
such studies with immature stages incorporated
in some. Hence, many techniques for DNA ex-
traction from single chironomid specimens were
developed specifically for adult bodies and, thus,
relatively larger amounts of tissue (e.g. Willassen
1999; Wang & Wang 2012). Although molecular
techniques have been used to associate the sexes
of adults (Willassen 2005), explicit attempts made
to associate previously unknown immature stages
with adult stages have been few. Species associa-
tions were either ‘known’ from cultivation (e.g.
Chironomus, Guryev et al. 2001) or by rearing in
the field (e.g. Archaeochlus / Austrochlus, Cran-
ston et al. 2002) or in the laboratory (Sinclair &
Gresens 2008). Targetted ‘taxonomic’ associations
of life histories solely via DNA have been often
incidental and remain rare in chironomid studies.

In seeking to maximize numbers and/or diversity
of taxa for large-scale molecular phylogenetic
and population genetics studies, we sought the
aquatic immature stages, using conventional tech-
niques with aquatic nets and kicking substrates or
interception of drifting individuals (Cranston et
al. 2010, 2012; Krosch et al. 2011a, b). In over
2 decades of working intermittently with molecu-
lar aspects of Chironomidae, between us we be-
lieve we have encountered most problems, solved
many, and have unpublished insights into what can
go wrong, what works well, and what can be im-
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proved in our protocols. Largely in response to re-
quests from interested colleagues, we describe here
the simple technique that makes possible retrieval
of PCR-quality DNA from chironomids including
even from single pupal exuviae. Previous attempts
to extract DNA from exuviae using a modified salt-
ing out protocol (Miller et al. 1988) failed, and we
assumed such specimens lacked sufficient remain-
ing tissue post-adult emergence for DNA extrac-
tion. However with careful handling of specimens
and more sensitive modern extraction techniques
described below, good DNA can be recovered,
thereby allowing access to greater numbers of im-
mature stages, and avoiding the need for laborious
and often unrewarding rearing, making molecular
associations between life stages simpler.

Methods
Field

We use all traditional and some less usual sam-
pling when collecting material in the field, accord-
ing to the purpose. For population genetics studies
we sample intensively in a narrowly defined area
containing the appropriate microhabitat(s), seek-
ing known target taxa. For phylogenetic studies
in which we seek also to maximise diversity, we
sample all visible microhabitats. At all lotic sites
we place a drift net downstream of other collect-
ing activity for the duration of the visit, or longer,
including overnight if feasible, for pupal includ-
ing exuvial sampling. In contrast to most studies,
we sort specimens from the substrate at or close to
the sampling location using dissector microscopes.
Live sorting is preferable with specimens being
picked with fine forceps and placed immediately
into isopropanol or molecular grade ethanol, and
never into formalin, methanol or ethanol that has in
any way been ‘denatured’. Only if a sample cannot
be sorted ‘live’ in timely manner do we preserve
in alcohol, after removal of larger particulate mat-
ter and sieving for medium-sized organic removal.
Isopropanol, although more expensive, is widely
available for use in molecular labs, preserves DNA
very well, is less volatile and less flammable (im-
portant if flights are involved in field work) and
is not hygroscopic — your 100% alcohol remains
‘absolute’. Most failures to extract DNA from
specimens are associated with the age and storage
of older material (which should be kept cold and
dark) or unwitting use of certain denatured etha-
nols as supplied to many ‘wet labs’. We suspect
that some total DNA destruction is caused by cus-
toms irradiation of international mailed material
but cannot verify this.

For some taxa, life history stage and location it
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is possible to know the specimen identity prior
to laboratory processing for molecular work. For
instance, reared monoculture such as species of
Chironomus may be assumed to be that species,
and those familiar with the fauna of a particular
area can identify much without slide preparation.
However as we know, accurate identification us-
ing morphology requires slide preparation, which
is prima facie incompatible with DNA extraction.
For larvae we amputate the head and prepare it as
a temporary slide mount (in Hoyers mountant) for
rapid identification prior to decision on DNA ex-
traction: the same applies to male genitalia. If se-
quenced, these vouchers are remounted in Euparal
for permanence. For pupae, identification often
can be made without prior slide preparation.

Laboratory

We extract total genomic DNA from specimens us-
ing a Qiagen DNeasy® Blood and Tissue Kit (Qia-
gen, Hilden, Germany) following manufacturer’s
protocol. Modifications to this protocol were as
follows: (1) tissue was digested with proteinase K
overnight at 37°C; (2) after digestion, cuticles were
removed carefully using fine-tipped forceps and
transferred to 90% isopropanol before vouchering
as slides in Euparal; (3) the final elution volume
was 100 pL to increase the final DNA concentra-
tion of the eluate; and (4) the incubation time for
elution was increased to 5 minutes. Furthermore,
digestions were never vortexed while cuticles re-
mained in solution to avoid damage to diagnostic
morphological characters. At all stages, care with
handling is essential and we found using the solu-
tion’s surface tension, rather than direct pressure
from forceps, to be sufficient for transferring spec-
imens between micro-centrifuge tubes. We antici-
pate that extraction kits from other manufacturers
may produce similar results under the same modi-
fication, but this remains untested currently.

We report extraction success from pupal exuviae
only here and do so simply in terms of reporting
successful amplification and sequencing of the
barcode region of the mitochondrial COIl gene
and the slower evolving nuclear 28S rRNA region.
We acknowledge that using more stringent quality
control measures (e.g. NanoDrop or BioAnalyzer
technologies) may provide more information about
actual DNA concentration and quality. However,
we envisage that the majority of end-users of ex-
tracted DNA from pupal exuviae will be interested
in utilising DNA for traditional PCR and Sanger
sequencing and thus we believe our qualitative as-
sessment valid in this case. Reactions were carried
out in a total volume of 25 pL, containing 2-5 pL



A. Pharate adult pupa of Stictocladius lacuniferus Freeman, from New Zealand. Note the leg sheaths are all extended
and none recurved under wing sheath. B. Pupal exuviae: abdomen of Stictocladius uniserialis Freeman, from Austral-
ia. The genus Stictocladius, following morphological review by Cranston & Sether (2010) and Sether & Cranston
(2012) is now the subject of molecular study by Matt Krosch and Peter Cranston. The pupal stage not only provides
good morphological features, but has provided valuable DNA even from exuviae, as outlined in the article.

of template DNA, 0.6 uL of each primer (10 pmol/
pL — manufactured by Geneworks, Adelaide,
Australia), 1.75-3.5 puL of of 5X MyTaq Red Re-
action Buffer (Bioline, London, UK) and 0.2 puL
of MyTaq DNA Polymerase (Bioline). Primer se-
quences and PCR protocols for both genes can be
found in Krosch et al. (2011b). Amplified products
were purified using an ISOLATE PCR and Gel Kit
(Bioline) according to manufacturer’s protocols,
but using only 13 pL of elution buffer and with a
longer incubation time following addition of elu-
tion buffer to increase final concentration of ampli-
fied fragments. As with DNA extraction, choice of
manufacturer of kits for the purification of ampli-
fied products is likely not to influence success rates
greatly. Purified fragments were sequenced using
ABI BigDye® Terminator v3.1 chemistry, precipi-
tated using a standard ethanol-based protocol and
analysed on an ABI3500 sequencing platform at
the Molecular Genetics Research Facility (QUT,
Brisbane). For more detailed information on meth-
ods and success of ‘routine’ DNA extraction from
larvae or pupae we refer the reader to our existing
publications cited below that use molecular data.

Vouchering specimens

In the early days, the few people working with
chironomid DNA had a rather casual approach to
vouchering material needed to verify that sequenc-
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es obtained actually derived from a named and
retained specimen (Jon Martin U. of Melbourne,
pers. comm, Peter Cranston, pers. obs.). This arose
partially in the belief that DNA extraction from
small insects involved grinding up (destroying) at
least a complete specimen, sometimes more than
one, because of the demands of the salting-out pro-
tocol (Miller et al. 1988). Maintenance of reliable
vouchers followed with: 1. growing awareness that
not all published sequences were what they were
purported to be; 2. recognition that ‘inessential’
parts of a single specimen could provide enough
DNA by newer extraction protocols, and the rest
be retained as a voucher; 3. recognition that the
cuticle alone, after gentle extraction of DNA, pro-
vides a complete voucher; and 4. multiple speci-
mens from natural populations should and need
never be co-extracted. However, the latter point
does remain viable for multiple specimens from
laboratory culture lines or egg masses for use in
downstream applications that require large quanti-
ties of DNA, such as optimisation of DNA systems
or PCR primers.

Procedures are a little time-consuming and need
accurate recording — we give each potential mo-
lecular specimen a unique ‘site (year date) plus se-
quential numerical code’ at the outset — whether or
not DNA is obtained. This unique identifier is as-



sociated with the DNA throughout processing, and
with the cuticile obtained after extraction, or the
slide-mounted larval head capsule if it is only the
body that is taken through extraction. These slide
mounted materials are treated with the same care
in preparation, curation and specified repository
as type material in a taxonomic study. The unique
specifier code and associated data remains linked
to the data submitted to Genbank (http:/www.

ncbi.nlm.nih.gov/genbank/).
Results

This technique, which already has worked well
across other life stages from many subfamilies of
Chironomidae, was trialed on exuvial specimens
across a range of Orthocladiinae taxa. Of 58 exu-
vial specimens derived from separate field collec-
tions made at various sites across Australia during
2011 and 2012, extracted as described above, 27
have been successfully amplified and sequenced
for COIl and 17 for 28S. Sequence quality always
was acceptable under standard QC metrics (e.g.
signal strength) applied by the sequencing software
and sequencing success was repeatable via both
multiple attempts using the same purified PCR
product and multiple initial PCR reactions. More-
over, vouchers made from cuticles post-digestion
showed that diagnostic characters remained intact
and morphology - and molecular-based identifica-
tions converged for all specimens. A number of
specimens, in addition to those successfully se-
quenced for either locus, amplified successfully
(as assessed using 1.5% agarose check gels) but
did not produce clean or useable sequence. This
suggests that further optimisation of protocols may
be necessary, especially with regard to the ratio of
DNA template to primer in sequencing reactions.

It is not surprising that even this technique can fail
to recover usable DNA from some specimens. Ex-
traction of DNA from pupal exuviae relies on the
presence of muscle tissue that is left behind on the
inner surface of the cuticle by the emerging adult.
DNA cannot be extracted from the cuticle itself.
Thus, we suspect that the success of this tech-
nique is highly correlated with how long exuviae
have been exposed to the aquatic environment
after adult emergence. The longer the exposure
time prior to collection, the greater the likelihood
of any remaining muscle tissue being scoured or
degraded. The same principle applies to the dura-
tion that specimens spend in alcohol collections.
Furthermore, we note also problems encountered
with degraded ethanol for preservation and quar-
antine of shipped specimens using X-rays (particu-
larly to the USA). These factors act to shear DNA
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strands and greatly reduce efficiency of extraction
and amplification, often to the point of complete
failure for entire collections. Moreover, given the
much higher copy number of mitochondrial ge-
nomes within each cell, we anticipated that DNA
extracted from exuviae would perform better for
amplifying mtDNA loci than nuclear. Although we
did not observe a dramatic difference in total num-
bers sequenced for each locus here, 28S amplifica-
tion required more troubleshooting than COI. The
use of intermediate primers for COI, which often
produce sequence data from older more degraded
specimens (Jon Martin, pers. comm.) may allow
even sub-optimal specimens to be used.

Discussion

The addition of PCR-quality DNA sequences from
‘wild caught’ pupal exuviae described here ex-
pands the number of sequenceable specimens for
chironomid researchers who collect in aquatic en-
vironments. The greatest benefit of this technique
will likely be in aiding the development of mo-
lecular associations between life stages of species
by negating the need for rearing of larvae through
to adults. This technique also has potential impor-
tance for those investigating population genetic
structure, gene flow and dispersal where sample
sizes must be maximised from each study site. We
encourage other researchers to retain, and attempt
to extract DNA from exuviae and not consider
these important specimens valueless for molecular
purposes.

However the addition of a ‘new’ life history
stage, the pupal exuviae, to the repertoire of
those engaged in molecular studies of Chirono-
midae should not obscure that even this suite of
techniques do not provide the perfect answer to
all questions. We note that there are sporadic and
difficult to diagnose difficulties with extraction
for some specimens or collection conditions in
addition to the unknown age and history of col-
lected exuviae, or interceptions of larvae, pupae
and adults by netting. There are sporadic problems
with amplification of DNA from mermithids rather
than the midge host, apparently restricted to 18S
rRNA and probably due to primer degeneracy.

The procedures and protocols associated with
specimen tracking, vouchering and truly geocod-
ed and permanently labelled specimens are partic-
ularly important as we recognise increased cryptic
diversity. Unique vouchers allow us to revisit ac-
tual specimens (and locations) of ‘known’ molecu-
lar identity and seek to validate perhaps obscure
or overlooked morphology that will allow non-
molecular identification. Furthermore, GenBank
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is not prescriptive concerning vouchering and thus
the database is error-ridden and requires validation
and correction for many anomalous taxa. To date
we have no complete and reliable library to test
our species identifications (Ekrem et al. 2007) and
thus morphological vouchers for DNA sequences
remain as important as morphological types. Webb
et al. (2012) illustrate a salutary case of difficul-
ties in tracking down morphological vouchers for
molecular databased N. American Ephemeroptera,
despite the DNA barcode initiative’s long-standing
instructions concerning appropriate vouchering.
DNA taxonomy does not over-ride the common
sense understanding of how to go about systematic
science, regarding repeatability and documenta-
tion of evidence.
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KIEFFERULUS BARBATITARSIS (KIEFFER, 1911) AND KIEFFERULUS TAINANUS
(KIEFFER, 1912) ARE DISTINCT SPECIES, NOT SYNONYMS

Jon Martin
Genetic Department, University of Melbourne, Victoria, 3010, Australia
E-mail: . martin@unimelb.edu.au

Abstract

Morphological and molecular studies indicate that
Kiefferulus tainanus (Kieffer 1912) is quite dis-
tinct from K. barbatitarsis (Kieffer 1911), and not
a synonym of the latter species, as has previously
been suggested by Chaudhuri and Guha (1987).
The suggestion of synonymy seems to have been
based on a comparison of the figures of K. tain-
anus in Sasa (1979), rather than an examination of
the types. While the adults show some similarities,
other characters, and mitochondrial COI sequence,
clearly indicate that the two species are not identi-
cal, and not particularly closely related. Australian
material previously considered to be K. tainanus
is probably incorrectly identified and represents a
separate, but closely related species.

Introduction

In his paper on chironomids of Thailand, Cranston
(2007) noted that the identity of Kiefferulus spe-
cies of South East Asia was not clear. One group
for which uncertainty has existed in the past, is
three species described by Kieffer: K. barbatitar-
sis (Kieffer 1911), K. tainanus (Kieffer 1912), and
K. biroi (Kieffer 1918). Kieffer originally placed
K. barbatitarsis and K. biroi in Chironomus, but
he described K. tainanus as a Tendipes. Kiefferu-
lus barbatitarsis, described from India, remained
in Chironomus, although Sublette and Sublette
(1973) classed it as unknown Chironomini. Chaud-
huri and Ghosh (1986) re-examined the types in
the Indian Museum, along with rearings, and re-
described the species as Kiefferulus.

Kiefferulus tainanus was originally described
from Tainan, Taiwan. It was variously placed in
Phytochironomus (Kieffer 1921) and Glyptoten-
dipes (Goetghebuer 1937-54), before Sasa (1979)
re-described it for all stages from Japanese speci-
mens. He placed it in Chironomus, although noting
that it did not fit the strict definition. Hashimoto et
al. (1981) also placed it in Chironomus, but noting
that it was “rather related to Kiefferulus and Glyp-
totendipes”. Chaudhuri and Ghosh (1987) placed
it in Kiefferulus, when they placed it as a probable
synonym of K. barbatitarsis, then Cranston and
Martin (1989) placed it in Nilodorum, before re-
storing it to Kiefferulus in an analysis that included
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a syntype in the British Museum (Cranston et al.
1990).

K. biroi was originally described from Colombo,
Sri Lanka, and later from Australia, India and
Japan. Freeman (1961) placed it in the subgenus
Nilodorum of Chironomus, and later as the genus
Nilodorum (Freeman & Cranston 1980). Saxena et
al. (1985) also referred Indian specimens to Nilo-
dorum. Hashimoto et al. (1981) had synonymised
it with C. tainanus, but the rather obscure publica-
tion was generally unknown. The synonymy was
restated by Cranston and Martin (1989), and again
when K. tainanus was returned to the genus Kief-
ferulus (Cranston et al. 1990). However, the possi-
ble synonymy of these species with K. barbatitar-
sis has been largely ignored. Chaudhuri and Guha
(1987) apparently did not examine any type mate-
rial of K. tainanus, but rather relied on the quite
detailed re-description of Sasa (1979) since they
attribute K. tainanus to Sasa in their listing of syn-
onymies. The purpose of this paper is to provide
morphological and molecular data to clarify that
the two species, K. barbatitarsis and K. tainanus
as re-described by Chauhuri and Ghosh (1987)
and Sasa (1979) respectively, are not in question
and that it is clear that they are morphologically
distinct.

Material Examined

While the conclusions here are largely based on
a comparison of previously published work, some
additional specimens were examined.

Kiefferulus barbatitarsis:

1 male Mai Ping N.P., Lamphung Province,
Thailand. 6 [11.2002, coll: P.S.Cranston. Part
of abdomen used for DNA extraction (BOLD
CoTW018-08), and photo of hypopygium used in
Figure 1.

Kiefferulus tainanus:

1 male believed to be syntype, bearing three labels,
respectively ‘tainanus Kieff. det Kieffer’,"Formosa
Sauter’, ‘Purchd. from Budapest Mus. BM 1922-
72’ (British Museum Natural History) - used to es-
tablish K. tainanus by Cranston et al. (1990), and
a photograph of the hypopygium used in Figure 1.


mailto:j.martin@unimelb.edu.au

Figure 1. Male hypopygium (left) and superior volsella (right) of K. barbatitarsis (top), K. tainanus (middle), and
Australian K. “tainanus” (below). Photos at top and middle courtesy of P.S. Cranston.
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1 male Okhla, nr. Delhi, India, OK1, coll. S.
Taneja (now Saxena); 1 male pupal exuviae
Yamuna River, Okhla, nr. Delhi, India OK2; larva
Honshu, Japan, 9.1X.2001 GenBank accession no.
DQ648225), 1 male Mai Ping N.P., Lamphung
Province, Thailand. 6.111.2002, coll: P.S.Cranston.
Part of abdomen used for DNA extraction.

Australian specimens previously considered to be
K. tainanus:

1 male Goanna Lagoon, Alligator Rivers Region,
Northern Territory, 15.1X.1979, Coll. R. Marchant;
1 male Somerset Dam, Queensland AQ.20.10 M2,
26.V.1971, coll. J.Martin; Hutchins Lagoon, Ayr,
Queensland, 14.V1.1974, coll: B.V.Timms; 4 larvae
with associated chromosome squashes, Somerset
Dam, Queensland, AQ.20.4, 23.1.1969, from egg
mass #1, coll. J. Martin. Additional specimens
were included in the morphological studies of
Cranston et al. (1990) and the cytological studies
of Saxena et al. (1985).

Observations

The published re-descriptions and the analysis
of additional specimens leaves no doubt that
material described as K. barbatitarsis is distinct
from that described as K. tainanus. Both species
were collected together at a site in Thailand, and
there was no difficulty in separating them, as
indicated by the molecular analysis of two such
specimens (see below). On the other hand, there
is no doubt that the adults of the two species are
somewhat similar in gross morphology. Both have
an AR around 4, and an LR around 1.25. The male
hypopygium is also basically similar, including
the presence of setae on the inner margin of the
superior volsella (see Fig. 1).

Closer examination reveals that there are definite
differences, in all life stages as seen in Table 1.

Possibly the most obvious is the relatively short-
er palps of K. tainanus, as can be seen in Table
1, which had led to it being placed in the genus

Nilodorum (e.g. Cranston and Martin 1989). An-
other obvious difference is in the shagreen pattern
of the pupa. While both species have an anterior
and posterior row of spines on tergite I, spines
on other tergites of K. barbatitarsis are relatively
small (Chaudhuri & Ghosh 1986), while those of
K. tainanus are larger and more extensive (Fig. 2).
The tergal spines of K. tainanus were well illus-
trated by Sasa (1979). It might be noted that mate-
rial identified as K. tainanus in Australia (Saxena
et al. 1985, as N. biroi; Cranston et al. 1990, Bugl-
edich et al. 1999) is probably a distinct but closely
related species. The most obvious difference is that
the male superior volsella is longer and narrower

Figure 2. Spinose patches on posterior two thirds of ter-
gite V of pupa of Kiefferulus tainanus. Note the shorter
median spines and longer posterior spines.

Table 1. Listing of most obvious differences between Kiefferulus barbatitarsis and Kiefferulus tainanus. Abbreviations

here and in text as in Sather (1980).

Character Kiefferulus barbatitarsis Kiefferulus tainanus
Adult male
Anal tergal band H-type Y-type
Palp ratios 4:3:7:11: 15 4:3:5:8:10
IV (Fig. 1) more swollen distally less swollen distally
Pupa
Spines of tergites 111-VI relatively small larger & more extensive (Fig. 2)
Larva
S1 setae deeply feathered palmate
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(Fig. 1), while further evidence can be drawn from
the cytological comparison of Indian and Aus-
tralian specimens (Saxena et al. 1985), where a
small number of fixed differences were noted in
the banding patterns of the salivary gland chromo-
somes in the two continents. Further study will be
required to clarify the situation.

In the larvae, the main difference is in the S1 setae
(Table 1), which differ in the manner previously
used as a distinction between the genera Kiefferu-
lus and Nilodorum (Cranston et al.1990).

Finally, the DNA barcode sequence of the mito-
chondrial COI gene of K. tainanus from Japan has
been published (Martin et al. 2007), and a further
sequence was obtained from an adult from Thai-
land. These can be compared with the equivalent
data for K. barbatitarsis (Fig. 3). As previously
noted, the K. barbatitarsis sequence came from
the same specimen as the hypopygium in Figure 1.

This comparison shows that, while there are 14
polymorphic sites between K. tainanus from Ja-
pan and India (2.3%), there are 42 (6.8%) and
39 (6.3%) respectively between the Japanese and
Thai sequences of K. tainanus and the sequence of
K. barbatitarsis. While the difference between the

ered to be in different genera (see Introduction).
In a subsequent listing of Indian Chironomidae,
Chaudhuri et al. (2001) did not mention K. tain-
anus at all, but included K. biroi in the genus Nilo-
dorum. Since K. biroi is accepted as a synonym of
K. tainanus (see Introduction), this provides fur-
ther confirmation that this species is quite distinct
from K. barbatitarsis.
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Figure 3. Polymorphic sites in 621 bases of the mitochondrial COI sequences of two populations of K.

tainanus, and K. barbatitarsis

two K. tainanus samples is well within the arbi-
trary five percent limit for intraspecific variation of
this sequence, the difference of the K. barbatitar-
sis sequence falls outside that limit. In a Neighbor-
joining tree of Kiefferulus species (not shown), the
two species do not cluster together.

It therefore must be concluded that the gross simi-
larity of some adult characters does not indicate
any particularly close relationship. Differences ex-
ist for larvae and pupae, as well as for the adults.
Indeed the two species were previously consid-
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Introduction

Identification of immature Chironomidae can be impossible, as most species are identified based on adult
males, for which the associated pupae or larvae are not known or described. To overcome this, Chirono-
midae researchers rear larvae and pupae in aquaria to obtain the adults. This is usually done on fourth or
final instar larvae collected from aquatic habitats, and mass reared (e.g. Biever 1965; Hein and Mahadeva
1993). An advantage of mass rearing is that a large number of specimens can be obtained for identifica-
tion. However, with mass rearing, matching individual larvae with pupal and adult stages is not possible.
To overcome this, larvae can be grown individually, a potentially costly undertaking. Even though most
chironomids can withstand the room temperatures, most cannot tolerate low oxygen levels that are created
in the vials (Mendes 2002).

In this paper we describe an inexpensive and rapid method of constructing an apparatus so that all three stag-
es of individual specimen can be obtained, and that maintains sufficient oxygen during the rearing process.

Materials and Methods

Rearing vials were placed in a modified base constructed from centrifuge tube stands made of styrofoam,
which are readily available in chemistry or biology labs. A standard foam is 20cm long, 16cm wide and 3cm
indeep, and has 25 holes for individual centrifuge tubes. To make the base we cut a foam stand in half to
produce a 10cm by 16 cm stand, and glued this to a second stand to create a stepped structure (Figure 11).

The rearing chamber was constructed from two centrifuge tubes to create an angled chamber with a screw
cap on each end. The bottom end with screw cap was made water tight using plumbers tape and further
sealed from the outside of the screw cap using aquarium glue. The top cap was left removable to allow ac-
cess, and removal of emergent adults.

To modify the tubes, the bottom tube was cut perpendicularly at the 7.5 cm height (Figure lii). The bottom
section had two drilled holes, one sized to receive an air tube that feds the centrifuge tube from an air pump,
and the second used to feed the larvae. We found that the second hole could be dispensed with, and reared
4" instar larvae successfully in using stream water with no feeding access port. When the second hole was
installed, it was outfitted with a small plastic tube, 1.5 cm in length to allow feeding (Figure 1iii).The top
section was cut diagonally at the tip at a 45° angle (Figure 1ii). The bottom vial was then inserted into the
top at a 135° angle (Figure 1iii) and the joint of these two sealed using aquarium silicon. Finally, both the
feeding tube and the air tube were made watertight using aquarium cement.

Using this apparatus, stream water and individual larvae were added to the rearing chamber from the top,
and the chamber secured to the base using tape. The bottom fitted the stand holes and was secure.

Because the apparatus is small, any air pressure entering needed to be low to prevent water from splashing
in the chamber. We adjusted the air pressure using hose clamps, and found that 1-2 air bubbles every second
provided sufficient aeration.
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Figure 1: 1) Apparatus stand made from centrifuge tubes stands ii) Centrifuge tubes, bottom and top parts, the position
of holes and cuts, and assembling the top part to the bottom part iii) Apparatus on stand, position of larvae and adults
iv) The apparatus assembled.

The larvae were placed at the base of chamber, and adults emerged into the top section, and remained dry
due to the lip. Pupae exuviae and larva head capsule were obtained from the bottom part once the adults
were removed (Figure liii). Using this apparatus we have been able to acquire all three stages of Chirono-
midae for identification.
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Some proposed emendations to larval morphology terminology
Peter S. Cranston
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Despite the publication of an intended consistent terminology for the morphology of chironomid larvae
(Seether 1980) as applied in Wiederholm et al (1983), two areas have remained controversial, with incon-
sistently applied terminology. The first and perhaps most confusing concerns the dorsal head sclerites, the
second, the terminology of the mandibular teeth of Tanypodinae. In preparation for the 2" edition of the
Holarctic larval keys, | have attempted to reconcile differing approaches to naming the parts of these larval
cephalic structures.

| started with recognising that we need hypotheses that (a) cover putative homology across insects as a
whole, (b) conform across all ‘Nematocera’ with complete head capsules, and (c) can be implemented
across all Chironomidae. Of course homologies are hypotheses derived from data (observations) and thus
are not ‘right’ or ‘wrong’, only tested / refuted by further data. All names of anatomical (morphological)
parts, purportedly ‘neutral’ or not, are hypotheses of ‘sameness’ = homology. Thus we should use names for
parts that clearly hypothesise homology — especially when they are available and have meaning outside the
subfamily Chironominae. Equally evident is that we cannot and should not have a separate morphological
terminology from closely related groups and our use in chironomids should not be at variance with standard
entomological works such as Snodgrass (1935) and Torre-Bueno (1989), and modern textbooks (e.g. Gul-
lan & Cranston 2010).

First | sought to understand the dorsal head, which proves variation so useful in taxon-discrimination in, for
example, the Chironominae (e.g. Goeldichironomus in Reiss, 1974, Endochironomus group in Grodhaus,
1987, and Kiefferulus in Cranston, 2007) (Fig. 1). The terminology applied previously to the various parts
has been a mixture of homology and ‘neutral’ terms, creating some confusion and inconsistency in their
application. Starting from basic insect head morphology, it should be noted that there is no 1:1 relationship
between sclerotised parts of heads and primitive segmentation. Although there is thus a certain arbitrariness
in defining head parts, never-the-less regions of the head across all insects can be recognised by sutures —
these parts are the frons, clypeus, labrum in posterior-anterior order. There are no other recognised regions
in any group that are available for insertion in this sequence.

At least across Nematocera, but seemingly much more widely, there are defining cephalic setae and sutures
(differentiated borders) associated with each part. Thus S1 and S2, the labral setae, belong on the labrum,
S3, the clypeal setae, on the clypeus, and S4 and S5, the frontal setae, on the frons. There is no need for
the term frontal apotome — ‘apotome’ is either redundant or misleading. In Torre-Bueno (1989) its use is
ascribed only to the Chironomidae. The frontal apotome is the frons.

Starting posteriorly, cephalic setac S4 and S5 lie on the frons, a uniform sclerite that fills the area com-
pletely, with the exception of a thinned area, the fenestra, in certain Chironomini (fen in Fig. 1). The frons
lacks membranous parts that otherwise would allow flexibility and therefore it is rigid. It is bounded pos-
teriorly and laterally by the ecdysial lines along which the cuticle opens at ecdysis (emergence of the next
stage). Anteriorly often is a boundary of less sclerotised cuticle, anterior to which lies the head region called
the clypeus (clyp, delimited in Figs 1A, B, E by a red boundary line). This region includes membranous
and denser cuticle — the thicker median area, termed a sclerite, is of variable shape and size but rarely fills
the entire clypeal area. The S3 (clypeal setae) can (rarely) lie on the clypeal sclerite, but are located at the
postero-lateral corner of the clypeus, usually on membranous cuticle that allows increased flexion. The
anterior margin of the clypeus also is membranous, abutting the labral sclerite (lab) which varies in degree
of subdivision. The S1 labral setae often, but not always, lie on the labral sclerite. Laterally the labrum bears
the S2 labral setae. Here there may be up to 3 pairs of lateral sclerites which may be complete, partially or
totally fragmented, or not discernible from the background. These visible lateral sclerites may be distinctive
and numbered 1-3 as in Fig. 2, but more usually the structures are partially or completely fused with indis-
tinct subdivision (see variation in this development in Fig. 1, especially in unlabelled G, H, I). Anteriorly
the labrum bears the Sl - SIV setae, labral chaetae etc and terminates antero-laterally at the tormal bar.
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Figure 1. Dorsal larval heads of Chironomini. A. Dicrotendipes septemmaculatus (Becker); B. Glyptotendipes paripes
Edwards); C. Glyptotendipes ‘sp. E’ Epler 2001; D. Kiefferulus longilobus (Kieffer); E. Kiefferulus calligaster Kief-
fer; F. Kiefferulus barbatitarsis Kieffer; G. Endotribelos sp.; H. Goeldichironomus carus (Townes); I. Goeldichirono-
mus sp.

This unit comprising the frons plus clypeus plus labrum is ‘split off’ as a single structure at ecdysis — it is
completely bounded by weak ecdysial lines. The genae are not part of this, and there are no genal elements
on the dorsal head. This is the basic pattern against which variants can be defined. Thus fusion of the cly-
peus with frons, with S3-5 on a single unit — is a frontoclypeus. Fusion of frontoclypeus with labrum is
frontoclypeolabrum, bearing all S setae (1-5). Rarely (uniquely) there is a fusion of clypeus and labrum
to form a clypeolabrum (Kribiodorum). The anterior margin of the frons or frontoclypeus may be straight,
concave or convex. The frons, whether separate from the clypeus or fused, can have a fenestra (interiorly
thinned cuticle). We do not know if “pits’ are homologous to oval fenestra, but certainly ‘pits’ do not co-
occur with fenestra and are not “pits’ (depressions in the external cuticle).

The test of this hypothesis is its applicability in all Chironominae, and hopefully beyond. An issue is that
in taxonomic studies dorsal heads are not always illustrated. In many cases this seems to be because of
apparent uniformity, for example in Tanypodinae, the Harnischia cpx and many Tanytarsiini. However, all
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Figure 3. Dorsal larval heads of Orthocladiinae. A. Bril-
lia, B. Elpiscladius

Figure 2. Labelled schematic for dorsal larval head,
Chironominae.
Figure 4. Dorsal larval heads of Telmatogetoninae. A.

Telmatogeton, B. Thalassomyia

images in the Lucid on-line key (http://keys.lucidcentral.org/keys/v3/Chironomidae/) have been viewed.
The morphology of Glyptotendipes, which include the greatest variation and demonstrate most complexity,
was discussed with Michael Heyn.

Since the scheme as labelled in Figures 1 and 2 ‘worked’ even for problematic taxa, I verified (and some-
times emended) the generic diagnoses for the revision of the Holarctic Chironomidae for which the feature
is applicable. Difficulties were encountered only in the strange arrangement in Kribiodorum but | could
locate no description or figure that could be reconciled with the ‘divided labral sclerite 1 and 2’ of Sather’s
glossary (1980: fig. 62). However the situation occurs only in Xenochironomus — but | don’t believe that
this anomalous dorsal head structure damages the proposed scheme. The caricature dorsal head, as labelled
in Figure 2, thus appears applicable across all Chironominae

The dorsal heads of Orthocladiinae generally follow Hirvenoja’s (1973) figures, including cephalic setal
terminology and locations - except in Brillia group in which there are interesting variations (Fig. 3). All
can be incorporated into the new naming scheme, although the situation in South African Elpiscladius (Fig.
3B) is unusual. In contrast to the original interpretation (Cranston 2008), now | interpret Elpiscladius as
showing a fused clypeo-labrum in which there is secondary near division into anterior section with S1 seta,
and posterior, section with S2 and S3 (the separate frons, bearing S4 and S5, is omitted from the image).

The distinctive variation in dorsal head morphology in the Telmatogetoninae was recognised by text and
drawings in Cranston (1983). Terminology can be emended easily to follow the new system, as labelled
in Figure 4.

The most misleading interpretation concerned the dorsal head of the Tanypodinae, but fortunately the fea-
ture has been little used in identification. The problem is misinterpretation of the cephalic S setae, including
by Muh (1985) who mistakenly termed and labelled the frontal seta S5 as S4 (no S5 is labelled or mentioned
in MUh). This, or a similar error, may explain the strange statement ”clypeus covering almost entire head”
(Fittkau and Roback, 1983: p. 33). Actually it is the frons that extends nearly entirely to cover the dorsal
head, with S1, 2 and 3 on poorly-differentiated, far-anterior, clypeo-labral microsclerites.
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The proposed scheme thus seems validated across
the family. In implementation it is important to
recognise Gail Grodhaus who interpreted the S3
/ clypeus issue (Grodhaus. 1987) as a problem of
logic. Of course, Gail worked also with mosquito
larvae, so his outgroup was appropriate.

Turning to the tanypod mandible: Fittkau & Ro-

back (1983) used a different terminology for de- Figure 5. Labelled schematic for Tanypodinae larval
scribing the various associated teeth. However, mandible.

the terms ’apical tooth’ and ’inner teeth’ can and
should be used as in other subfamilies. If we recognise the widespread term ‘mola’ for the inner mandibular

margin basal to the insertion of the seta subdentalis, then distal projections of the mola should not treated as
‘inner’ teeth, as so termed in all other subfamilies, but molar projections (see Fig. 5). The inner teeth of the
tanypod mandible, when present, should be restricted to those generally small teeth that lie distally between
the mola / site of seta subdentalis insertion and the base of the strong apical tooth.

Acknowledgements

I thank particularly John Epler for engaging discussions on chironomid larval morphology, and Mike Heyn
for correspondence concerning the dorsal heads of Glyptotendipes.

References

Cranston, P.S. 1983. Keys and diagnoses of the larvae of the subfamily Telmatogetoninae (Diptera, Chi-
ronomidae) of the Holarctic Region. - Entomologica Scandinavica Supplement 19: 17-22.

Cranston, P.S. 2007. The Chironomidae larvae associated with the tsunami-impacted waterbodies of the
coastal plain of south-western Thailand. - Bulletin of the Raffles Museum 55: 231-244.

Cranston, P.S. 2008. Phylogeny predicts larval biology in a wood-mining chironomid (Diptera: Chironomi-
dae). - African Entomology 16: 1-6

Fittkau, E.J. and Roback, S.S. 1983. The larvae of Tanypodinae (Diptera: Chironomidae) of the Holarctic
region. Keys and diagnoses. - Entomologica scandinavica Supplement 19: 33-110.

Grodhaus, G. 1987. Endochironomus Kieffer, Tribelos Townes, Synendotendipes, n. gen., and Endotribe-
los, n. gen. (Diptera: Chironomidae) of the Nearctic region. - Journal of the Kansas Entomological
Society 60: 167-247.

Gullan, PJ. and Cranston. P.S. 2010. Insects: An Outline of Entomology, 4th edition. 565 pp., Wiley-Black-
well Science, Oxford.

Hirvenoja, M. 1973. Revision der Gattung Cricotopus van der Wulp und ihrer Verwandten (Diptera: Chiro-
nomidae). - Annales Zoologici Fennici 10: 1-363.

Miih, C. 1985. Kopfmorphologie der Larven der Tanypodinae (Chironomidae: Diptera) am Beispiel von
Macropelopia nebulosa (Meigen). - Zoologische Jahrbucher, Anatomie 113: 331-62.

Reiss, F. 1974. Die in stehenden Gewassern der Neotropis verbreitete Chironomiden-gattung Goeldichiro-
nomus Fittkau (Diptera, Insecta). - Studies on the Neotropical Fauna 9: 95-122.

Seether, O.A. 1980. Glossary of chironomid morphology terminology (Chironomidae: Diptera). - Entomo-
logica scandinavica Supplement 15: 1-51.

Snodgrass R.E. 1935. Principles of Insect Morphology. New York: McGraw-Hill.

Torre-Bueno, J.R. de la. 1989. The Torre-Bueno Glossary of Entomology. 2" edn. The New York Entomo-
logical Society in cooperation with the American Museum of Natural History, New York.

Wiederholm, T. (ed.) 1983. Chironomidae of the Holarctic region. Keys and Diagnoses. Part 1. Larvae.
- Entomologica Scandinavica Supplement 19: 1-457.

38



Chironomids in Quaternary permafrost deposits in the Siberian Arctic
Larisa Nazarova

Alfred Wegener Institute for Polar and Marine Research, Telegrafenberg A43, 14473 Potsdam, Germany;
Kazan Federal University, Kremlyovskaya str., 18 420008 Kazan, Russia
E-mail: nazarova_larisa@mail.ru

Fossil chironomids from lacustrine sediments are frequently used as bioindicators for the reconstruction of
Late Quaternary environments (Smol et al. 2005; Self et al. 2011), but there are very few records concern-
ing chironomids from periglacial permafrost deposits (llyashuk et al. 2006).

Permafrost records, accessible at outcrops along the coast of Oyogos Yar at the NE-Siberian Dmitry Laptev
Strait provided unique insights into the environmental history of Beringia during the last interglacial (Kie-
nast et al. 2011). A paleontological study was carried out on the last interglacial (Kazantsevo, Eemian, San-
gamoian, MIS 5) terrestrial and freshwater organism assemblages preserved in frozen deposits of a shallow
paleo-lake outcropped at a permafrost cliff at Oyogos Yar (72.68°N; 143.53°E), the mainland coast of the
NE-Siberian Dmitry Laptev Strait, Republic Yakutia, in the Russian Federation (Fig. 1). The Dmitry Laptev

Figure 1. Location of the Bolshoj Ljakhobskiy Island and coastal sector of Oyogos Yar in north-eastern Siberia.
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Strait connects the Laptev and East Siberian seas, which are the widest and shallowest shelves worldwide.
The mean temperature of the warmest month at the coast is about 4°C, the mean temperature of the coldest
month is about -30°C (Station Cape Svyatoy Nos, 72° 53’ N, 140°, 45’ E in Rivas-Martinez, 1996-2009).

From a total of 50 chironomid head capsules, recovered from Eemian deposits, 16 taxa were identified (Ta-
ble 1). Eight of these taxa belong to the subfamily Orthocladiinae and eight to the subfamily Chironominae
(five Chironomini, three Tanytarsini). The dominant taxa were Limnophyes, Smittia foliacea-type and the
Psectrocladius sordidellus-type. The majority of the taxa are indicators of temperate shallow lakes or lit-
toral conditions that are associated with macrophytes. Limnophyes and the subdominant taxa, Metriocne-
mus eurynotus-type and Parametriocnemus/ Paraphaenocladius are also frequently associated with mac-
rophytes (Cranston et al., 1983; Brodin, 1986). Furthermore, these taxa are typically indicative of lake level
fluctuations (Massaferro & Brooks, 2002). Smittia foliacea-type could be indicative of erosional processes
or unstable lake level conditions (Cranston et al., 1983). The subdominant taxa Chironomus anthracinus-
type and Cricotopus laricomalis-type are among the most frequently occurring taxa in present-day Yaku-
tian lakes and can be found in a broad range of ecological conditions (Nazarova et al., 2005, 2008, 2011).
Tanytarsus pallidicornis-type 1 is characteristic of relatively warm and productive lakes (Brodin, 1986).
In contrast, Tanytarsus lugens-type and Parakiefferiella triquetra-type are cold stenotherms, occurring in
oligotrophic cold subarctic lakes (Walker & Mathewes, 1989; Brodin, 1986). Brillia and Endochironomus
albipennis-type often are associated with submerged wood and dead leaves (Cranston et al., 1983). Some
species of the group E. albipennis-type are leaf or stem miners (Pinder & Reiss, 1983).

The chironomid record indicates the presence of submerged coarse plant debris in the paleo-lake, most
probably the remains of trees and shrubs. Most of the identified chironomids indicate shallow water condi-
tions and a pronounced macrophyte zone (Cranston et al., 1983; Brodin, 1986).

The Eemian was an interglacial period which began about 130,000 years ago and ended about 114,000
years ago. It was the second-to-latest interglacial period of the current Ice Age, the most recent being the
Holocene which extends to the present day. The prevailing Eemian climate is believed to have been similar
to that of the Holocene. Comparison of the Eemian fauna and modern chironomid assemblages from the
35 small permafrost lakes of Bolshoj Ljakhobskiy Island and Oyogos Yar mainland coastal area has shown
certain fuanistic differences (Table 1) with a higher proportion of cold tolerant taxa in modern chironomid
assemblages. Remains of terrestrial and freshwater organisms, including chironomids, preserved in frozen
deposits of a shallow Eemian paleo-lake indicate a boreal climate at today’s Arctic during that time. The
use of transfer functions on the base of chironomid assemblages (Nazarova et al. 2011) brought a mean July
air temperature reconstruction of 12.9+0.9°C and a water depth of 1.00+0.34 m for the time of deposition.

Table 1. Eemian chironomid fauna from Oygos Yar permafrost deposits and most frequent chironomid taxa from
Bolshoj Ljakhobskiy Island and Oyogos Yar mainland coastal area (Northern Yakutia, Russia. Taxa that are found in
modern and in Eemian sediments are given in bold.

Modern lake deposits Eemian Permafrost deposirs
(130,000 to 114,000 years ago)

16 most frequent taxa % Taxa %
Paratanytarsus penicillatus-type 22.4 Limnophyes* 22.0
Chironomus anthracinus-type 17.0 Smittia foliacea-type 18.0
Psectrocladius sordidellus-type 13.9 Psectrocladius sordidellus-type 14.0
Orthocladius type | 10.1 Chironomus anthracinus-type 6.3
Derotanypus 5.4 Cricotopus (I.) laricomalis 6.0
Chironomini larvula 2.9 Metriocnemus eurynotus 6.0
Limnophyes 2.7 Parametriocnemus 6.0
Corynoneura arctica-type 2.7 Brillia 4.0
Paratanytarsus austriacus-type 2.2 Microtendipes pedellus-type 4.0
Cladotanytarsus mancus type 1 1.9 Endochoronomus albipennis-type 2.0
Orthocladius oliveri-type 1.3 Parachironomus varus-type 2.0
Metriocnemus eurynotus-type 1.2 Parakiefferiella triquetra-type 2.0
Orthocladius type S 1.2 Polypedilum nubeculosum-type 2.0
Trissocladius 1.2 Zavrelia 2.0
Acricotopus 1.2 Tanytarsus lugens-type 2.0
Tanytarsus lugens-type 1.1 Tanytarsus pallidicornis-type 1 2.0
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Figure 2. Photos of chironomids from Eemian permafrost deposits: (a) Metriocnemus eurynotus-type; (b) Limnophyes;
(c) Smittia foliacea-type; (d) Microtendipes pedellus-type.

References

Brodin, Y. 1986. The postglacial history of Lake Flarken, interpreted from subfossil insect remains. - Inter-
nationale Revue der gesamten Hydrobiologie, 71: 371-432.

Cranston, P.S., Oliver, D.R. and Saether, O.A. 1983. The larvae of Othocladiinae (Diptera: Chironomidae)
of the Holarctic region — keys and diagnoses. In: Wiederholm (ed.): Chironomidae of the Holarctic re-
gion, Part 9. - Entomologica Scandinavica Supplement 19: 149-291.

llyashuk, B.P., Andreev, A.A., Bobrov, A.A., Tumskoy, V.E. and llyashuk, E.A. 2006. Interglacial history
of a palaeo-lake and regional environment: a multi-proxy study of a permafrost deposit from Bol’shoy
Lyakhovsky Island, Arctic Siberia. - Journal of Paleolimnology. 35: 855-872

Kienast, F., Wetterich, S., Kuzmina, S., Schirrmeister, L., Andreev, A., Tarasov, P., Nazarova, L., Kossler,
A., Frolova, L. and Kunitsky, V. 2011. Paleontological records prove boreal woodland under dry inland
climate at today’s Arctic coast in Beringia during the last interglacial. - Quaternary Science Reviews 31
2134-2159.

Massaferro, J. and Brooks, S., 2002. The response of chironomids to Late Quaternary climate change in the
Taitao Peninsula, southern Chile. - Journal of Quaternary Science 17: 101-111.

Nazarova, L., Kumke, T., Pestryakova, L. and Hubberten, H.-W., 2005. Chironomid fauna of Central Yaku-
tian lakes (Northern Russia) in palaeoenvironmental investigations. - Chironomus Newsletter on Chi-
ronomidae Research 18: 25-27.

Nazarova, L.B., Pestryakova, L.A., Ushnitskaya, L.A. and Hubberten, H.-W. 2008. Chironomids (Diptera:
Chironomidae) in lakes of Central Yakutia and their indicative potential for paleoclimatic research. -
Sibirskii Ekologicheskii Zhurnal, 15 (3): 141-150 (in Russian).

41



Nazarova, L., Herzschuh, U., Wetterich, S., Kumke, Th. and Pestjakova, L. 2011. Chironomid-based infer-
ence models for estimating mean July air temperature and water depth from lakes in Yakutia, northeast-
ern Russia. - Journal of Paleolimnology. DOI: 10.1007/s10933-010-9479-4.

Pinder, L.C.V. and Reiss, F., 1983. The larvae of Chironominae (Diptera: Chironomidae) of the Holarctic
region. - Keys and diagnoses. In: Wiederholm (ed.): Chironomidae of the Holarctic region, Partb10. -
Entomologica Scandinavica Supplement 19: 293-435.

Rivas-Martinez, S. 1996-2009. Climate diagrams, Worldwide Bioclimatic Classification System. Internet
source, http://www.globalbioclimatics.org/plot/diagram.htm, Phytosociological Research Center, Spain.

Self, A.E., Brooks, S.J., Birks, H.J.B., Nazarova, L., Porinchu, D., Odland, A., Yang, H. and Jones, \V.J.
2011. The distribution and abundance of chironomids in high-latitude Eurasian lakes with respect to
temperature and continentality: development and application of new chironomid-based climate-infer-
ence models in northern Russia. - Quaternary Science Reviews. 30 1122-1141

Smol, J.P., Wolfe, A.P., Birks, H.J.B., Douglas, M.S.V,, Jones, V.J., Korhola, A., Pienitz, R., Ruhland, K,
Sorvari, S, Antoniades, D., S.J. Brooks, S.J., Fallu, M.-A., Hughes, M, Keatley, B., Laing, T., Michelut-
ti, N., Nazarova, L., Nyman, M., Paterson, A.M, Perren, B., Quinlan, R., Rautio, M., Saulnier-Talbot,
E., Siitonen, S., Solovieva, N. and Weckstrom, J. 2005. Climate-Driven Regime Shifts in the biological
communities of Arctic lakes. - Proceedings of the National Academy of Sciences of the United States of
America 102: 4397-4402.

Walker, I.R. and Mathewes, R.W. 1989. Early postglacial chironomid succession in southwestern British
Columbia, Canada, and its paleoenvironmental significance. - Journal of paleolimnology 2: 1-14.

42



New keys to European Chironomidae larvae

Claus Orendt
Brandvorwerkstr. 66, 04275 Leipzig, Germany.
E-mail: orendt@hydro-bio.de

Chironomini (Diptera: Chironomidae). Keys to Central Euro-
pean larvae using mainly macroscopic characters.

2nd, revised edition.

By Orendt, C. & Spies, M. (2012).

64 p., more than 450 illustrations.

ISBN 978-3-00-038842-2

The second edition of these richly illustrated keys separates lar-
vae of Central European non-biting midges by subfamilies, and
especially members of the tribe Chironomini by genera or some
smaller taxa. The work is also directed at workers with little pre-
vious experience in chironomid larvae. The keys’ emphasis is on
morphological features that are visible macroscopically without
elaborate preparations.

Chironomus (Meigen). Key to the larvae of importance to bio-
logical water analysis in Germany and adjacent areas.

By Orendt, C. & Spies, M. (2012).

Bilingual edition (English/German).

24 p., 47 illustrations.

ISBN 978-3-00-038789-0

This key identifies 11 species and species groups of significance
to water quality evaluation whose ecological requirements are
known sufficiently, at present, and whose larvae are reasonably di-
agnosable in terms of taxonomy. One of the aims of this work is to
reduce existing uncertainties and misinterpretations, particularly
in biological water analysis.

Chironomidae larvae in brackish waters of Germany and ad-
jacent areas.

By Orendt, C., Dettinger-Klemm, A. & Spies, M. (2012).

Editor: Federal Environment Acency, Berlin.

Editions in English or German.

214 p., 1154 illustrations.

ISSN 2194-7902

The key includes about 90 taxa (genera, species groups, species)
that can be identified in the larval stage and have been recorded
from brackish waters in Germany and adjacent North Sea and
Baltic Sea areas.With its broad geographical scope and practical
approach, this monograph is unique and of equal interest for sci-
entists and technical offices in countries along the North and Baltic
Seas.

Previews, informations and orders: www.hydro-bio.de/chironomi-
dae.htm

Identification keys to the larvae of

Chironomidae (Diptera)
in brackish waters of Germany
and adjacent areas

Claus Orendt
Andreas Dettinger-Klemm
Martin Spies
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Proceedings of the 18th International Symposium on Chironomidae

Elisabeth Stur, Torbjern Ekrem & Kaare Aagaard

Museum of Natural History and Archaeology, Norwegian University of Science and Technology, NO-7491
Trondheim, Norway.

E-mail: elisabeth.stur@ntnu.no

We are happy to announce that the Proceedings of the
18th Chironomidae symposium held in Trondheim
last year now is published and available open access
through the Fauna norvegica website: http://www.
ntnu.no/ojs/index.php/fauna_norvegica.

For people that wish a paper copy:

The editor of Fauna norvegica has informed us that
there are extra copies of the proceedings available.
The costs are NOK 300,- (Norwegian kroner), and
includes postage.

To order please contact:

Torkild Bakken, Editor in chief

NTNU, Museum of Natural History and Archaeology
E-mail: torkild.bakken@ntnu.no

We wish to thank all authors for their contributions,
and hope you all enjoy reading the papers!

An online bibliography of the Chironomidae

Kaare Aagaard & Torbjern Ekrem

Museum of Natural History and Archaeology, Norwegian University of Science and Technology, NO-7491
Trondheim, Norway.

E-mail: kaare.aagaard@ntnu.no

We are very happy to announce that the Online Bibli-
ography of Chironomidae is available online at http://
literature.vm.ntnu.no/Chironomidae/

As many of you know, there has been a number of
people involved with the printed bibliography over
the years and it is therefore nice to be able to make
their work available in electronic form.

The database currently holds 27780 entries (nov. 20,
2012), but we hope that you all will contribute with
missing data and add references to your own pub-
lished work. To do so, just follow the link in the top
right corner of the introductory page.

Thank you!
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ver the years and it is therefore nice to be able to make their work available in electronic form. 

The database currently holds slightly more than 27700 entries, but we hope that you all will contribute with missing data and add references to your own published work. To do so, just follow the link in the top right corner of the introductory page.

All feedback and suggestions for improvements would be greatly appreciated. Thank you!

Best wishes,
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A World Catalogue of Chironomidae (Diptera). Part 2. Orthocladiinae

Patrick Ashe! & James P. O’Connor?
133 Shelton Drive, Terenure, Dublin 12, Ireland, patrick.ashe@upcmail.ie
2 Emeritus Entomologist, National Museum of Ireland, Kildare Street, Dublin 2, Ireland

Part 2 of A World Catalogue of Chironomidae (Diptera) is now available and was published on the 1%
October 2012. In Part 2 there are a total of 174 valid genera, 36 subgenera and 2,275 valid species plus 19
subspecies. In addition, there are a further 113 genus-group names and 1,470 species-group names which
are either synonyms, nomina dubia or unavailable. The total number of taxa (genus-group + species-group
names) in Part 2 is 4,087. The full citation is as follows:

Ashe, P. & O’Connor, J. P. 2012. A World Catalogue of Chironomidae (Diptera). Part 2. Orthocladiinae.
Irish Biogeographical Society and National Museum of Ireland, Dublin. xvi+968pp.

Due to the large size it is printed in two sections, Section A (i-xvi, 1-468 pp) & Section B (469-968 pp).
The two sections each weigh about 1.5 kg and to save on postage costs each section is posted separately.
The total cost of a copy of Part 2 (including both sections) plus postage (Airmail only) and packing can be
determined from the table given below.

Il\lrslr?rr:grgrlcrtlan d) Britain Europe Rest of the world
Postage Euro 16.00 Euro 26.00 Euro 26.00 Euro 36.00
Catalogue Part 2 Euro 84.00 Euro 84.00 Euro 84.00 Euro 84.00
TOTAL Euro 100.00 Euro 110.00 Euro 110.00 Euro 120.00

Catalogue Part 2 is published by The Irish Biogeographical Society in association with The National Muse-
um of Ireland. Details about this publication will be included on the Irish Biogeographical Society website:
http://www.irishbiogeographicalsociety.com/

The preferred method of payment is the International Electronic Payment System from your Bank directly
to our Bank account (The Irish Biogeographical Society account). This system worked very well for Part 1
and will be used for Part 2.

To order a copy of either Part 2 (or Part 1) contact Dr Patrick Ashe by e-mail: patrick.ashe@upcmail.ie

Once your order by e-mail has been received a Proforma Invoice (including all our relevant Bank details)
will be sent to you indicating the amount you have to pay.

Copies of Part 1 are still available:

Ashe, P. & O’Connor, J. P. (2009) A World Catalogue of Chironomidae (Diptera). Part 1. Buchonomyiinae,
Chilenomyiinae, Podonominae, Aphroteniinae, Tanypodinae, Usambaromyiinae, Diamesinae, Prodiames-
inae and Telmatogetoninae. Irish Biogeographical Society and National Museum of Ireland, Dublin. 445pp.

Il\fglriﬂgrﬂr:igland) Britain Europe Rest of the world
Postage Euro 8.00 Euro 13.00 Euro 13.00 Euro 18.00
Catalogue Part 1 Euro 42.00 Euro 42.00 Euro 42.00 Euro 42.00
TOTAL Euro 50.00 Euro 55.00 Euro 55.00 Euro 60.00
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The 12th Workshop on Subfossil Chironomidae

Peter G. Langdon

Reader in Palaeoenvironmental Change, Geography and Environment
University of Southampton, Highfield

Southampton, SO17 1BJ.

E-mail: P.G.Langdon@soton.ac.uk

Dates: 10-13th June 2013
Venue: Beaulieu Hotel, New Forest, Hampshire, Southern UK (the beautiful English countryside!)

Costs (all incl VAT): Total price pp for single occupancy would be £309.60 pp. Double occupancy would
be £269.00 pp. Triple occupancy would be £255.00 pp. Day delegate rate £37.80 pp (incl lunch). Dinner
as an extra add on for any non-residents would be £25.00 pp. If staying 10-12th (ie leave before 13th) cost
would be £228.60.

We have some bursaries for Postgraduates from a QRA (Quaternary Research Association) award, and also
bursaries from PAGES support for those coming from ‘low GDP’ and/or former Eastern Block countries -
they will need to write a 300 word application outlining their expertise and why they need the money, i.e.
make a case for support. If awarded support this will lower the costs from these groups.

In terms of themes, and given it is a workshop, we are keen for delegates to consider their data/thoughts in
relation to the following topics:

Limnological functioning:

What can chironomids tell us about (palaeo) lake processes Eutrophication, stratification, changes in food-
web structure (e.g. recent Quinlan paper in JoPL)?

Impacts on lakes:

Can chironomids help distinguish when a lake passes a critical transition? Do they show early warning
signals (e.g. Wang et al Nature paper)?
If a lake is losing resilience, how do chironomids respond?

Transfer functions:

How do the current debates on use of transfer functions affect our training set data/research?
Are there aspects about chironomid data that help/hinder this debate (see Brooks et al. reply to Velle et al.
in The Holocene).

Climate and other environmental reconstructions:

Following on from the above - how good are our chironomid inferred climate reconstructions?
Can we get better at estimating the real magnitude of change, and real errors?

A website for registration of participants will soon be set up at the University of Southampton. Please con-
tact Peter G. Langdon (P.G.Langdon@soton.ac.uk) if you have any questions.
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Finnish Chironomidae

Lauri Paasivirta
Ruuhikoskenkatu 17, B 5, 24240 Salo, Finland
E-mail: lauri.paasivirta@suomi24.fi

The current list of Chironomidae from Finland comprises 781 species altogether (Table 1). This includes
41 undescribed species, 12 “problematic’ species (cf. or ?), 1 exuvial and 4 larval types. Compared to the
previous version from March 20" 2009, 1015 additions and 23 removals in the provincial records have been
made.

Regional and national check-lists are often based on records from a large number of scientists with variable
knowledge of both species distributions and taxonomy. For the list of species from Finland, over 90 % of
the records are now my own identifications. These are mainly of own sweep-net samples (74%) from the
period 1967 - 2012 and the massive whole-season Malaise-trap sampling by esp. Jukka Salmela during the
last ten years (71% of all Malaise-trap samples). Some additional records come from collections of exuviae
(mainly by Janne Raunio) and larvae (mainly by me). An overview of the sampling efforts divided by bio-
provinces (Figure 1) and method is given in table 2.

The material is deposited mainly in my own collection consisting of thousands of slides and alcohol vials.
The hypopygia of the undescribed spp. have been photographied and drawn. DNA barcoding using partial
cytochrome ¢ oxidase subunit 1 (COI) sequences has been done on 226 specimens of 77 species from
southwest Finland, including two types in Procladius choreus-agg. and three types in Chironomus pseudo-
thummi- agg. Papers giving summaries of the local fauna in the main habitat types are now in preparation.

Table 2. Number of species by sampling efforts in bioprovinces.
14 light-trap nights are included in the sweep-net samples. Most
Malaise-traps were operated through the whole season. Only sam-
pling lines/stations are regarded as larval samples.

Bioprov. Species Sweep- Malaise- Emerg. Exuvial Larval
net traps traps samples sites
Al (A) 192 22 19
Ab (V) 510 794 78 37 15 310
N (V) 442 134 42 12 14 187
Ka (EK) 378 163 3 30 40
St (St) 467 149 25 10 3 114
Ta (EH) 523 365 44 20 52 388
Sa (ES) 414 137 2 10 160
KI (LK) 261 39 5 9
Oa (EP) 426 302 34 13 18 136
Tb (PH) 481 241 20 23 139
Sh (PS) 436 189 24 108
Kb (PK) 452 147 33 3 139
Om (KP) 415 159 5 4 16 136
Ok (Kn) 354 33 12 101
Oba (OP) 384 41 32 121
Obb (PeP) 411 33 32 5 87
Ks (Ks) 459 42 65 319
Figure 1. The bioprovinces in Finland. Lkoc (KiL) | 466 186 45 82
Lkor (SoL) | 444 52 26 18 78
Le (EnL) 494 137 55 1 52
Li (InL) 553 471 36 4 1 96
Total 781 3836 632 121 193 2802

47


mailto:lauri.paasivirta@suomi24.fi

X X X X X X X X X X X X X X X X X X X (8181 ‘udSIOIN) BIRIOU "IN
X X X X X X X X X X X X X X X X X X X (£081 ‘USSIdN) BSOINgaU ‘N
X X X X X X X X X X X X X X X X X X X 9T6T “Uayard] elonepe eidojadosoey
X X X X X X X X X (2r61 10nqa8Y1000) BIOUI0IIR BISIET

X X X X X X X X X X X (1261 “1ongeys1200) sidfediBuol eiutpunigen

X X X X (6£81 “1e82115) erejoundolbiu )

X X X X X X X X X X X X X X X X X X X X X (L1871 ‘uuewapaip) erejoulq eidojadousiyf
X X X X (zz61 1onqaysio0n) erejoundLy elkwosakeH

X X X X X X X X X X X X X X (1981 “dm "pa) stuuadmin eidojadmng
X 3 X X (8181 ‘uadrol) eynpijred '

X X X X X X X X X X X X X X X X X X X X X (8181 ‘udSIolN) sdoue|sw "D
X X X X X X X X X X X 296T ‘NexniH eipawJaiul 'O
X X X X X 3 X 3 X X 3 X X X X X 200¢ ‘sa1ds %9 s|a1yd1A wniosrewny "D
X X X X L861 ‘Aermpy 1pseebee eidojadeyouod
X X X X X X X X X X X X X X X (8181 ‘udSIdA) snsolsu sndAuelout|d

X X (€€61 ‘10nqay51000) BWOSOURIBW 'Y
X X X X X X X X (8687 “dinp "pa) siuuadiasiib v
X X X X X X X X X X X X X X X X X X X X (0$81 Ipa1s1on97) sissengaeq eidojadojoly
X X X X X X X X X X X X X X X X X X X X (8€81 Iparsona7) siuuadiosesisy sndAuelonossdy
X X X X X X X X X X X X (£z81 ‘souy) sadiwnyd eiuAdoreuy
X X X X X X X X X X X X X X X X X X X X X (€981 10337) eneyd 'y
X X X X X X X X X X X X X X X X X X X X X (8.1 “snoeuurT) sijjuow 'y
X X X X X X X X X X X X X X X X X X X X X 296T ‘nexpi4 elAisibuol eikwssgelqy
aeuipodAue]

X X X X X X (8681 “Yoogpunr) sijeansod ‘|
X X 0/6T ‘@M1|qNS % YU setrew sndAuejoyort).
X X X X X X X X X X X X X X X X X (ST6T “Ne1reD) Liaany snjydosed
X X X X X X X X X X X X X X X X X X X (ST61 ‘19513 Bloolubeyds
X X X X X X X X N X (¥T61 “10gary) sif1oeb
X X X X X X 996T ‘UIpUNIg BIeW.Ie BS3WRIPOISET]
X X X X X X X X 8E6T ‘SpJeMp3 1UURWAUSIY) SNjyd0alog
seulwouopod

16 96 26 86 86 16 86 66 ¢6 /6 L6 66 16 06 96 G6 86 6 6 66 S6 (% ) miaiseed 1 £q paynuop|
€56 ¥6Y ¥yy 99y  6SY Ty ¥8E vSe STy ¢Sy 9y T8y  92¥ 192 ¥I¥ €25 L9y 8LE ¥y OIS 26T sa12ads JO Jaquuinu [e10L
M 91 Joy7 2047 S¥ G40 O O WO g dS 9L eO M €S el IS By N Qv |V aouinoad eaiydeabosbolg

‘(ep1AISERd LINRT AQ POWLIUOD A[Jsowr) oruney ‘ AQ pOyIIUIPI pue Pajod[[0d QBIANXD = { ‘(BMIAISERJ LN AQ POWLILUOD)
D{UIS[OH £30]007 JO WNISNJA JO UONIJ[0I = JA ‘SIOYI0 AQ JUAPI = X ‘BMIAISBRd " Aq JUopl = X “(I - [V) YHou 03 yInos woj saourao1dorq Aq papIAIP puelul,] WO} SEPIUOUOIIYD) JO SPI0JY ] 9[qeL

48



XXX XXX X X X X X X X X X X

XXX XX XXX

X

X X X

X X X X X X

X X X X X

X X X

X X X

X X

XX X XX XXX

X

X X X X X X

XX XXX XXX

X

X X X X

X X X X X X X

X

X X

X X X w X

X X X w X X X X X X X X

X

X X X X X X X X X

X

X X

X X X X

X

X X X X X X

X

X X

X X X X

X

X X

X X X X X

X X

X X X X X X X X X

X X X X

X

X X

X XX X X

X X X X X

X

X X

X X X X X

X X

X X X X X X X X X X X

X X X X xX X X X X X X X

X

X X X X X w X

X X

X X X X

X

X

X X X X

X X X w x uw

x X

X X X X

X X

X X X X X

X X X X X

X

X X X X

w X X X X w X X

X

X X X X X X uw

X X

X X X X X

X X X X X X X X

X X X X

X

X X X X X w

X X X X X

X

X X X X X X X X X X X X X X X X X

X

X X

X X X X X X w X X X X

X X X X X X

X

X w X X X X

(6T61 ‘sprempy) sdaoosny “|

(S081 ‘snroLqe,) eauled elAwluuewausly L
0/6T ‘xneaulap eaabiose) eidojadojal

(1261 “19ngays1000) wniowsu eidojadorew|al
(8161 “raggarsy) siuuadiin “L

8181 ‘udSIdN stuuadiound ‘|

(z161 “12g3013)) 1z3eesy sndAuel

(8€81 ‘SN B1RUIO 'Y

(8€81 PpAs1Nd7) sjuuadinoew eidojadosayy
(L8L1 ‘snmonqeq) sniea sndAueionossd

$L81 ‘dInpy "p'A SNeRIAOjNI o

GT6T ‘Iayary suabn| d

2T6T 'Uayaly elodlwl d

626T ‘Splemp3 suofiavy (sndduvojisq) q
«IATeOp[EY, € “dS d

«BS[ed,, ¢ 'ds d

Jaleessefen,, T°ds d

[L61 oeqoy SnsaA “Jd d

6Y6T ‘UlpUNIg SNo1oaNs d

86T ‘Uewsal snnsioldwis d

(0S81 WpAIs1onaz) snyeubis d

606T “1agaIy sneunosd o

/¥6T ‘uipunig stuuadipnu d

(1€61 “19nqaY31R0D) snalpuelsi¢, d

66T ‘ulpunig snosnj d

(6S61 “IAMM) smvLquY

(€8T IPASINDZ) SINIBUISSEID o

109 ‘(081 “USSIAIA) SNaIoYd ‘df

(9161 ‘wonspun) snyenbuidosdde (sndAuejojoH) snipejooid
€861 ‘Keumnjy 79 nexnL] ppolisney efjainsueiusd
(981 “1oM[eM) eSIAIP d

(9587 “1931eA\) BIRINGBUID BULIBWERIR]

(081 ‘uadon) snignp sndAueiojiN

(081 ‘uaSO) ereround ‘N

(9581 ‘To3IeAN) XeBnU elSIeIeN

(8161 “Toygary) Jeajeainusa) eidojadouo|n

1041

2057

Y

4q0o

S[0)

o | X

aouinoad eaiydeabosborg

49



XXXX XXX XXX x

X X X X X

X

XXX XX xXXXXX

X X X X X X

X

X X X

X X X x

X X X X

X X

X

X

X X

X X X X x X

X X X

X X X X X X

X X X X X X

X X = X X X

X X X X

X X

X W X X x X

X

X X X X

X X X X X X

aeuIsaWeIpodd
Ge61 ‘e3eunsjorsnoluodel uojeborew|s)
aeuluolabolew|al

BT “AIe[ ‘Jopul “ds eSaWeIpuAS

T ‘9867 ‘UaUNXSINL 1UspINY 'S

(1261 ‘uesuueyor) eAjn} enseynodwis
(z€61 ‘sprempy) eased e|[a11a)a1jopnasd
(8261 19nQqaY33000) BSOAIU d

(€L8T ‘TIOIMON) 11211 BSDURIPOPNaS
(8€81 “pa1s1one7) olowd

26T ‘spJemp3 ‘sniepnea sndAueiold
(g€61 ‘sprempq) stioised d

(zz61 “1aperyy) snuewibuol d

(8€81 ‘uaBIaN) 11paed enseynod

(9581 “1o)[ep) BSuo} -

G86T ‘UBSSE|[IA 101S0JR.ISS °

(9681 “1o3[eA) aoRWIRd *

(1261 19nqays1e00) sisrenre| *

806T “layery sadiubisur -

(9581 “19%]eA) BpIjROUl ©

6981 ‘ua13w[oy ealoqladAy |

7€61 ‘1onqay31e0n uewWayoq

GE6T ‘Spiemp3 1wensq *

(5981 ‘uewayog) LINIIR BSBWRIJ

[apyaRyaRNalyaRyaRNaRaRNa]

6388T .v_umn:uc:l_ ejelisage esswelq
aeulsswelq

(¥081 ‘uaSIOIY) BANURIBW 7

(8161 “19ygary]) BUBWILIY Z

(1161 “1opyery)) sadnequeq elhwijainez
(LT61 “19nQqaYy3390D) suedLbiu X
(1161 “105913]) BI3b19[€} RIdOjadOUSY
(6€81 ‘108011S) eURWIBUO| RIdOjadOSSIIL
(9161 ‘TohRT]) BUI[BNA "L

9L61 ‘Aexmyy eautesopnasd ‘|

(€781 ‘sauLy) esoulbnusl "L

(8181 ‘ueSIoOIN) e13®| "L

1041

2057

Y

4q0o

S[0)

A0

wo

ax

as

aL

€0

kS

el

X

qv

aouinoad eaiydeabosborg

50



X X X X X

X

XXAXXXXXXXXXXXXXXXXXXX X

X

X X

X X X x X X

X X x X X X X X X X X X X X

x X

X X X X X X X X

X X X

X X X X X

=

X X X X X X X

X X X

X

X X XX

X X X X X X X

X X

X

X X

X X X X

X X

X X

X XX xX XXX

X

X X

X X X XX

X

X X

X

X X XX

X X X

X

X X X X

x

X X X

X X X X

X

X X X

X X

X X XX X

X X

X

X X X X X

X

X X X

X

X X

X X X X X

X

X X

X X X X X

X X

x X X X

X X

X X X X X X X

X X X

X X X X X

X

(S161 ‘yoO[[EIA) Snjajfetedans *
¥00T “T8 29 SuBA\ SNIBIS O °
(LY61 ‘urpunig) snojueas *

986T ‘UBuUNSIn ] aeuees *

286T ‘J8yises snuoejisd

¥/6T ‘Nng|v snreundad *

(€161 190qaY3120D) s11|021PIIU *
/6T ‘nqIv snubiu -

(6261 ‘speimpd) wniopiu *

906T ,._wtw_v* ©|od1osnw -

€161 ,‘_w_.twmw snpneale| ‘Jo -
(L¥61 ‘wipunig) suejsuodul *
9/6T “48yiges snunoaduwi §o -
(6T61 “sprempg) snyequii|l *
(0£81 ‘UABIN) SNoLIBYI °g

€ “(Ly61 ‘utpunig) suapixoy g
(Lg6T “Tre) smeusp g

(L61 ‘urpunig) snansae snipejoouseydoiig
®Z ‘TZ6T ‘Yayaly] eainjibuo] 'g
606T ‘18481 vpYfiq vijig

986T ‘UBUNYSINY SIjealoqoljaiey 'g

0O 0 M N MoMmM@M@M@MMO@(BMM@MMOMMAMM

986T ‘UBUNXSIN SISUBLIEU] BINILS0810g
(861 ‘uaunysmL) SNIIUYI0] SNIPE|IO||Y
(0$8T WPpa1s101397) SUsIN| SNA0I00LIY
(T€61 “‘sprempd) snuejuowans 'y

2 ‘7861 ‘1oyioes 29 uoIsuelL) Issial snipejooydwedy
/€6T ‘spremp3 obuIn 'y

0F61 19nqays1000 obainesed elAwoysiay
1-ds eipseebey 1d

(6L61 ‘PreESey) 1USLIBAIS 'Y

000z ‘1y19es esusjold eipreebey
deulipeooyo

(8181 ‘USSISIA) BJBAIO BSAWRIPOId
(6161 “TJJary]) BAJN) BSAWOIUOPO

(Ly61 ‘urpunig) juewys ‘|

(8161 11ar3]) elIydAyreq esalreIpouoiy

1

1037

20

Y

4q0o

S[0)

A0

wo

ax

as

aL

kS

X

qv

aouinoad eaiydeabosborg

51



X X X X X X W X 8861 ‘eloudAITH 79 elousAIIH 1uIpuNIq "0
X X X X X X X X X X X X X X X X X X X £Z6T ‘4ayJal] eonase einauoukiod
X X X X 8L61 “YoBqUIIH Snolifeq olun|o

X X X X X /¥6T ‘ulpunig snjAisinuay -9
X X X X X X X X X X X X X X X X X X gy (9161 “IOHAI3]) SN2I08NS "D
X X (Z€61 19ngays1000) snonsna “J3 'O

X X X X X X X X X X X X X X X X (€161 10ngay3100n) 13bid "D
X X X X X X X X X X X X X X X X X (0€81 ‘uaSIop) siuuaiad '
X X 986T ‘UBUMSINL SLIgaINW "D
X X X X X snonafejsw “1d -ds -5
X X X X X X X X X X X X X (8181 “USSIAIN) snonafejaw '
X J V6T ‘Ulpunig Ligesew "D

X X X X X X X X X X X X X X X X Ly6T ‘ulpunig snyeuiwre| -
X X X X X X X X X X X X X X N X X 9G6T ‘ulpunig sngojipuelb '
X X X X X X X X X ey ‘9G6T ‘ulpunig sijoesb -D
X X (S161 ‘wonspunT) sife1oe|b -
X X X X X X X X X X X X (6261 ‘sprempg) snyedissip O
X X X X X X 7 ‘(6T61 ‘sprempg) sdsoloynusp -0
X X 086T ‘UsUNYSINL SNSOJALSISSeLd D
X X 9/6T ‘[ePaMES 8BllIg 'O
X X X (ST61 ‘wonspunt) snejoulq -
X X X X X X X X 9GGT ‘UIpunig snyeulinae snipejaolseyd
X X 3 3 X X 26T ‘JalaIN snasny "0

X X X X X 3 N3 X 3 X (0581 “pars1enaz) snuionded snipejooipie)
X X X X X X X X X X X X X X X X X X (9LLT ‘1990 2(T) SN1IRI02IBIS Snipe[ooidwe)
9 Sewwoy, 9 'ds 'g

X X X X X Se[[ed,, G "ds g

X X X Lwes],, ¢ °ds g
X LI’ € "ds g

X X 2048, 7 "ds 'g

X X X X X X X X X X 21048, T ds °g

X X X X X N X auABoyjuex 1d “ds -g
X X X X X X X X X X X X X X X X X X X X (6T61 ‘sprempr) sukBoyiuex g
& (1261 19nqays1000) sifeulan 'g

X X X X X X X X X X X X X X X X X X (6261 ‘sprempd) snyejnolagni g
X X X X X X X X X X X X X X X X X X (6T61 ‘sprempg) si[eulaAdns g
M @7 Joy7 2047 SM ¢4O0 ®BJO O WO 9 9SS dL BO M BS BL IS By N GV |V aouinoad [earydeabosborg

52




X XX XX X X X X X XXXXXXXXXX xXXXX
x X X X X X X X X XXX XXX XXX XXX X

X X

X X X X X X X X €161 “elouaay] sifeuornuaidas *
. ZT6T ‘|ledsA saduyojnd -
strejod 1d -ds -

9Z6T “Uayary stiejod -
¢€L61 ‘elouanty Japd -
X X X X X X X X X X X X X X X X X 956T ‘ulpunig snjjasojid *
X X QS,ﬁo:oaissﬂou__a.
X

X
X
X
X
X
x
X
X
X
x
X
X
X X
X
X
X
X
X

€L61 ‘elousArry susyed *

X
X
X
X
X
X
X
X
x
X
X
X
X
x
[ORNCRNCGRRC LN ORNCRNGRNCANG]

X X

626T ‘spsemp3 sadipijjed -
€L61 ‘elouoArry snbew '

(6061 “1a33013Y) snosny "D

($261 Iopary]) SnIoUI0AD) )
(9061 “191Jr3)) SN[19ANSS O
(8€81 passionaz) wniddiyds 0
(8061 ‘“19J3or3)) snasepui|o -
€161 “eloudAITH snyejnwing *

X XX X X

X X X X
X X X X
X X X X
X X X X
X X X X
X X X
X X X X X
X X X X
X X X X
X X X X
X x X X
X X X X X
X X X X
X X X X X X
X X
X X
X X X X
X X X X X
X

€L61 ‘elOUdAIIH SNJRU0IOI *

X
X
bed
X
X
X
X

X €161 ‘eloudAIry snonpeo

(8161 “UdSIN) sMUIIQ *
(LT61 ‘12nqays1200) Joje|nuue *
X (9167 “1og5ory) sdaosoigpe (sndojooriD) sndojoor)

X
X
X
X
(ORNCRECRNGRNGRNS]

X X X X
X
X
X
X
X X X X
X

X X X X
X
X X X X
X X X X
X

X X X X
X
X X X X
X X X X
X X X X
X X X X X
X
X X X x

676T ‘ulpunig esopnjed e|jainauoukio)
¢dso

(PUUIWIBAT,, T *dS "0

X X X X X X X X 98T ‘ZMBUUIAN BIe[|8INJS "D

66T ‘Ulpunig eubew 'O

X X X X X X X X X X X ¥26T ‘spsemp3 eyeqo| -0
)

o}

o)

X X
X
X X
X X
X X
X X
X
X
X
X

X X
X X
X X
X X
X X
X X
X
<
<
<
X
X
<
X
X
<
X
X
<

¥26T ‘Spdemp3 sLisnoe|
€86T ‘Uaunysin] e1ad0uAb -
896T '99]Y9S sele.d -

X 896T '991YdS 1wyt D
X 6v6T ‘ulpunig Ispremps -
26T ‘SpJemp3 ©leuood
¥Z6T ‘spsemp3 eonyed -
X 268T ‘Z1auuIpn saduigad
¥26T ‘SpJemp3 eueLIIRD |

X X X X X
X X X X X X
X X X X X X
X X X X X
X X X X X
X X X X
X X X X
X
= X X X X X X
X X X X X X X
X X X X X
X X X X X X
X X X
X X X X X X X

X
X X
X

X

XXX X X X X
X

X X X X
(CINCRES NSNS

FIX X X X X X

1047 9047 SM 40 BJO X0

1S
o
o
N4
e}
'_
s
o
¥
5+
wn
©
&
L]
X
=z
o)
<
<

aouinoad eaiydeabosborg

53




X
X

X X X x

X X X x

X X X
X X X X

x

X X X X X X
X X X X

X X
X X

XXX X XXX
XXX XX XX

5

X X 9G6T _:_U:_.:m_ SISUBJIAS0(Q e||aliajjang
X X X X X X X X X X X X X X X (4261 ‘1opery) aelawayds snipejooaiod3
X X X X (1261 eroT 29 nexprd) 1xejAydowesod eijeurelq
x X X Q86T _cw::v_m_:._. snjejusp m:QoHOU_\_ucoD
X X X X X X X X X X X X X X X X X X 806T “IayaIy 436143nd snipejooldia
X X X X X X X ..Oyeuoide] ,, T *ds sndojooni) ud
X X X X 626T ‘sptemp3 sidosbA| (snipejo02031soN) sndoiodL)
X 3 X X X X X X X X (ET8T ‘USSIOIN) snielosejl '

X X X X X X X X X X X X X X X X (8T8 “USSIAN) SMAUIDL "D
X X X X X X X X X X X X X X X X X X X (P6LT ‘snrotiqe,) sLusan|As O
X X X €L61 ‘elouoArry snsoroidsns -0
X X X X X X X 3 €L61 ‘eloudAIIH snsianal D
X X X X X X €L61 “eloudAIIH susonjal -0

€L61 “elousalIy smonpal "0

X X X X X X X X X X X X X X (0581 “IparsIonaz) sisrenyd -O
X €L61 ‘elouaarrty epneaijid -0

X X X X X X X X X X X X X X X X (0581 “parsonaz) sebiusad D
X X X X (8181 ‘uaSIoA) snieulo D

X X X X X X X X X X X €L61 ‘BlOUGAIIH SNsSnIgo "D
X €L61 hm.mo:o?im snxiuqgo ‘Jo ‘ds o}

X X X X X X X X X X X X X X X X X (9681 “Ia3[EA) SNXIUQO "D
X X X X X X X X X X X g5 ‘700z ‘ayves % salds 1unew -9

X X X X X X X X X X 2€6T ‘spiempd sijewooLre| 9
X X X X X X X X X X €L61 ‘BlOUDAITH smise| 'O

X X X X X X X X X X X X X X X X X X X (6€81 ‘1980115) SMyossIBl O
X 606T “1aa1 sidedinaig -O

X X X X X X X X X X X X X X €L61 ‘eloudAltH snpenoue (snIpejoos|) ‘0
X €L61 ‘lOUaAITH SNSO||IA *D
X X S€61 19nqaYSIR00 SISULLIBIA *D

X X 3 €L61 ‘BlOUSAIIH SnsLI "D
X X X X X X X X X X X X X X 6261 ‘spsemp3 elasejl} -0
X X X X X X X X X X X X X X X X X X X (9281 “Menboey) sniejnuuels '
X X X X X X X X X X X X X (851 ‘sneeuury) sninwali
X X X X X X X X X X X X X X X (£081 ‘udSIO) sifeIqn -0
X X X X X X X BS ‘GT6T ‘UJ0|[.IN 9BUOSSOIS "D
X X Ef X X 1261 “1ongays1000 SIS O

1047 9047 SM 4q0 BJO N0 WO gM dS 9L eO M ®BS B IS B N Qv IV aouInoad [ealydesbosborg




X X X X X XX X X X X X X

X X X

XXX x X XX X X X X X xX X X X

X

X X X

X
X

X X X X X X X X X X X X X

xX X

X X

X
X

X X

X X X X

X X X

xX X

X X X xX X

X X X X X X X X X X X

X X

X X X

X

X X X X

X X

X X X

w x X X

X X X X X X

X x X X

X

X X X X X X

X X

X X X X X X X

X X X X X X

x X

X X X X = X

X X X X X X X

X

X X X X X X X

X

X X X X X X X X X X X X x X

X

X X X X X X

26T ‘UUBLIBUBIYL 79 8YZUsnS 1aunnd 'H
(TT61 ‘SPTempH) eueluoXo eIIWSoIpAH
1°ds snuaeqoipAH 1d

9/6T ‘Jay1ees sieuuids ‘H

(161 “yoorre) sedinid *H

9/6T “I3Y}9eS luflrew "H

(9561 ‘utpunigy) snojuodde| ‘H

(€€61 “19nqay31200) snjAisisny ‘H

(6981 ‘UISWIOF) SIWIOJU0I SNUSL]OIPAH
eladwoy,, T7'ds 'H

(1161 T035013)) snsojidgns 'H

(981 “1o3[EA) SNpIoJew ‘H

6167 ‘Ulpunig LIgeseWw ‘H

(6261 ‘sprempd) imeyswiib ‘H

886T ‘[[3UydS 72 Jaylses 1uIpunig snNIpejoossiI0l81eH

1°dsH

9G6T ‘Neni4 tulpunag "H

(1761 “1a33913) sijeaide snsreyfuejossaH
9,61 ‘d3ury 101s01e18s'H

(6261 ‘sprempd) s1]|0211UIO B[aI1Us|oH
(6£81 “1080w15) sifiqeLren snipejoojeH

9 ‘(0761 “19nQaYT}200)) SUBI|OA 'O

(6261 ‘sprempg) snpnugns 9

(6T61 ‘SpIempd) SIeWNIq SNWaU0III8WOUWAD
£86T ‘@N8|qns 7 Jayiees snjfishred ‘o
(I+61 “19nqaYS1000) S1UI0D1BIN| SNIPRIO0YLI0SD)
(€181 “1ozuey) sadisselo snwaudAing
(6261 ‘sprempy) Jouiw *

(6261 ‘sprempd) sisuakapy|1 -

190046 1d-ds -

(6261 ‘sprempy) 190e.6 -

26T ‘uuewya Lewnip

(6261 ‘spIempd) BIIUOASP *

(€261 “1oggaryy) ereadA|o -

(8681 “poaqpun) siuusdireo -

(TT61 “10170ry) Jeofeslnalq °

Ly N ey W o ey W R Wy W R U W}

1

1041

20

BY

4q0o

S[0)

kS

el

X

ZIX X X X X

aouinoad eaiydeabosborg

55



XXX XX XX XXX

X X X X X X X X XX X X XX X X

X

X X X

X X X X XX X X X X X X X X X X X X

XXX X X X X

X X XX

X X X X

X X

X X X X X X X X X

x X

X

X

XXX XXX X X

X X

X X X

X

X

X

X X X X X X X X X X X

X

X X X

X X X X

X X X

X X X XX

X X X

X X X X X X X

X

X X X X X X X X X X X X X X X

X

X X X

XX X X X X

X X X

X X X X X X X X

X X X X X

X

X X XXX X X X

X

X X X X x X X

X

X X X X

X X X X X X X

X

X X

X X X X X

X

=

x X X X X XX X

X X X X X X X

X

X X X X X X X X

X X X X X

X

X X X

X X X X

X X X X X

X

X X

X X X X

X X

X X X X X X

x

X

G66T .‘_mr_uwmw m3>_._m®._muc_ )

(8181 ‘udSO) sadiosny -

G66T ;m—twcm Salde|IXs *

(€881 ‘uaISwoH) SNJouAINa -

6861 19UIOLS S (GE[ “AZUdnS SI[ed1I0I
G66T “Iauraes snbipned -

= =2 =22 = =2 =2

(8861 “TOAT[Q 79 uoIsueI)) sisusbuliaq *
TZ6T ‘19)a1X eAeoLIe “I\
(8181 ‘USSIO) snyeauljoqe’ N
GB6T ‘48U198S SNINJR SNWaUOLIIBIA|
(6261 ‘Spiempy) pjjonxay pUIUSOSIPY
(0161 “19nqayS1000) UURWBUBIY} SNA0J01I0SIIN

066T '18U38eS Sn|nJo} -

066T “48y1ses snbiuids

066T ‘194198S 1]]3uyos *

oljiwnd 1d -ds -

(6981 ‘uesdwoy) ojiwnd *

(1261 “1oprsy) smsejdeyuad -

066T ‘Jay19es seulu *

(P161 Tohary) Sisus|eleu *

(8181 ‘UaSIO) snwiuIw *

._
1
1
1
1
1
1
1
1
G/6T ‘I8yiees aejaiehiew
(9681 ‘11 SIjIgRY ]

GB6T “18U18es 48 7

066T ‘18U19es Isprempa ]
LY6T ‘utpunig symoufip -7
(Tz61 “1233013Y) snwiolkyoe.q
snwnpiq “1d “ds

066T “18y1ses snwnpiq
/6T ‘UssIapuy snyewenbse
066T ‘18y19es aeoljsbue
g9 ‘066T ‘Jayises Ipseebee saAydouwi

986T ‘Usunysin snsreifield ejjstiayaniodde]
(9861 “IoYIOES 2% UOISULID) IUSSIOA[RY
(6261 ‘sprempy) sdajydordwed -y

(4761 ‘19nqays1000) eUId[L03I0] RINIWISOULY

(5]
-

1041

207

BY

4q0o

S[0)

A0

wo

ax

aL

€0

kS

el

X

qv

aouinoad eaiydeabosborg

56



XX XX X X X X X X X X X X X X X X X X X X X X X

X X

XXX XXX XXXXX XXX X X x X

X X X X

X X X X X

X X

X X X X x X X X X X X X

X

X
X

X X X X X X X X X

X

X X X

X
X

X

X

X X X X

X X x X X

X X X

X

X X X X X

X

w X X X x

X

X X

X X X X

X X

X X X X

X X X X X

LLl

X X X X

X X X X

X X X X

X

X X X

X X X X

X

w x X X

X

X

X X X X

X X X X

S X X S X =

X

X w X X

X X X X

X X

X X X X X X

X X X X

X

X X

w X X X X

X

X X x X

X

X X X X X

X

002 “48Y18eS 1]]18uyds ‘0

(S161 “12y2r3)) Bl0IUBI| "0

L£61 19ngay51200 snyesjoy (snipe|ao1sodwiAs) snipejooyio
(6981 ‘ua13W[OH) snulgosuod (snipejoouohod) snipejaoylQO
0G6T _c__ucs._m_ Sisuala)lam 'O

1661 ‘ORI 29 0IBSSOY I0UNI "0

(8181 ‘uaSIdy) snpunaigni *

TI6T 4843y w:BOU@E.. :

(6061 “1oy3or3Y) slisepad *

(9581 “1ox[eAN) SUBpI|gO *

G161 ‘WQNSPUNT SNYe|[SINISOPRIU *JO *

0b61 “1ONnqaysie0n snajuoddey -

L¥6T ‘Ulpunig SNIeAeoxa *

/¥6T ‘uipunig Japnuap

(6981 ‘URISWIOH) SNYL1023P (SNIPLJIoYLIQ) *

(8€81 “Wpas1on07) snpifbity (SNIPEIOYMOSIIN ) *

$861 ‘WojSULT SNIRYI0|al *

(661 ‘e3eunyo]) snsoxes *

606T “48)JaIX WNIONALL *

TT6T ‘48481 BJOJIALL

066T ‘siuodos Iayse *

500z ‘18y1aes aejjauue ‘4o -

L€61 “193nry] 79 uuewsusIy | SISUsoysIge (snipejooyiong ) -
002 ‘Jay1ees snixiwond

(1161 “Iogors) SNsoeAI|o *

00g ‘18Y19eS Ja1sesnw -

226T ‘13431 snpijab -

(€261 “1garsy) winiopiab -

(1161 “1oggory]) snuewiasny (snipejoojA1oepn3) snipejooyuo
(1161 “I9jgors]) SIAIauRoal ‘N

(6061 “133o131) sninased "N

1 (9061 “Io33arS]) SNWOIYIIP SNIpe|oouBN

(6S61 ‘uduured) Snonjeq snipejoouen

O O OO O0OO0OO0OO0OO0OO0OO0ODO0ODO0OO0OOoODOoOOoOOoOOoOOo o o

(6981 ‘uQISWIOH) snuisIn ‘|
(8181 ‘udSO) sadiaid ‘N

1041

2057

M

4q0o

S[0)

A0

as

aL

€0

kS

el

e

P

qv

aouinoad eaiydeabosborg

57



X X X X X X X X X X X X X XX X X

X X X

X X

XXXXXXXXXXX

X X X X X X x X X

X X X

X X XX X X

X X

X X X

X

X

X X X X X

X

X X X X X X X

X

X

X X X X X

X X

X X X

X X X X

X X

X X X

X X X x X

X

L

X X

X X X X X X X X

X X

X X X X

X

X X X X

X X

X X X X

X X X X

X

X X

X X X X

X = X

X X

X

w X X X X X

X X X X

X X

X X X X X

X X

X

(9581 “13[eAL) SNIdIR0Xa SnipejoossLIesed
(6T6T ‘Sprempd) SISUBUNMIDIS d

(0€81 ‘UISIOIN) SLOUIALIL SNIPD]IOYILAIDAD]
«PInnT,, T°ds o

0S6T ‘9Xzuans ereulsed eiiwsered

S661 “Suep % 1otpoes sninbuer) d

0S6T ‘8xzuans smisipnasd d

(9581 “1o[eA) SMiLIL d

suapadiur 1d “ds

/6T ‘Ulpunig suspadiaiul d

(9681 “1o31eA) Snsusduil d

®/ ‘suenbexs ud ‘ds q

(5061 ‘uasuueyor) suelifexa snipejoouseydesed
[dsd

(261 Toary) snejhis d

61 ‘umon snuidjeoaloq snwsudoLaweIed
(1161 ‘uuewouary ) elasibuo| saAydouwijesed
(ST6T “YOO[[BIN) BLILLIBIRgNS d

(Lv61 ‘urpunig) edipuejows d

9G6T ‘ulpunig ed1pueds d

66T ‘utpunig eibiu d

986T ‘Usunysin| enuiuwl 'd

(L€61 “sprempd) ©1890UAB o

986T ‘UBuUNYSIN| vory.muuul g

986T ‘Usunysin ealuus) d

(6761 ‘SpIeMpH) €1eu0I0d d

986T ‘usunxsinL ereqoliq d

(T161 T0hor3) BlIydoyeq ejjaLIsyaneIed
(L¥61 ‘urpunig) snsoulbin o

(T161 1ayyary) 48b1u sndojoorioesed

€L61 ‘elouaany snsopouripenb g

(9681 “19M[EAA) SNSIBAUOD d

(0S81 “Wparsionaz) elooidye snipejoeled
(6561 “12Y[nA\) SNaegouge snipe|jdolaeydeled
/6T ‘Ulpunig snalpuejows ‘0

1041

2057

Y

4q0o

S[0)

A0

wo

ax

as

aL

€0

kS

el

X

qv

aouinoad eaiydeabosborg

58



X X X X XX X X

XXXXXXXXXXXXXXX X X X X

X X

XXX XXXXXXXXXXXXX X X X

X

X X

X X X X

XXXXXXXXXXXXXXX

X

X X

XXXXXXXXXXXXXXZ= X

=

X X X X X X

X X X X X

X X X

X X

X X X X X

X

X X X X X

X X X X X

X X X X

X X X X X

X

X X

X X X X X

X X

X X X X X

X X

X X X X X X

X X XXX X X X X X X X X

X

X X

X X XXX XX X X X X X XXX

X

X X

X X X X X X

X

X X X X X X X X X X X X X

X XX X X X X X X XXX XX XXX X X

X X

X X X

X X S w X w X X

=

X X X X

X X X X X X X X X X X X X

X X

X

X X X X

x

BIOAIQ T'dS d

G8BT ‘Uaunysiny snaedoina SNWaUI0IIIBWO]ISd
(6T61 ‘sprempd) ereqo|Ll d

096T ‘8XZUa.lS esmao d

896T NIV sep|iyrew d

(€161 “19nqay31e0D) sij1oe4h d

eyedroroy 1d *ds g

(1261 “1ongays1e00) eledidio) d

(L¥61 ‘109nZIRIN) reuodUEp ‘d

(6261 ‘sprempg) eisnbue d

(1761 “10nqays1000) sjuuadiqre eIIWSOPNasd
9567 ‘utpunig stuuadisojid d

(8061 “Toygorsy) stutiofiyy

(1261 12ngays120H) SNJAISIIND SNIPERIOOYLIOPNasd
6Y6T ‘UlpunIg 11PaISIaNsz d

GZ6T ‘1ajary SNS0dLUsA ‘d

(8€81 “Ipa1s1ona7) SN||9pPIPIOS ‘d

9G6T U8 INM 1ZUs1yds d

(9061 “roggaryy) snuardoyisd d

6861 ‘uoidue] eUnAXo d

9G6T ‘49N Sniasobio 'd

9G6T ‘19X|NAA SNIeINJBWOII0 d

(6981 ‘waISwWOH) snjjsvequi| d

6E6T '2J0IS SnoluUL) d

TP61 ToNQaYSI000) sMesiq d

g ‘ (6761 ‘SpIempd) snuewiqgieq ('[0041995d) ‘d
(6261 ‘sprempd) snyeesfed (‘douop) d

€26T ‘1aa1y sadireq.eq (‘dossiy) d

(6261 ‘sprempd) sndfed d

(9581 ‘12[eA) SNIAQO d

8 “(Ly61 ‘urpunig) susbunfuod (‘doj|y) snipejoondssd

G86T ‘Uaunysing sirejnbueloal d

(Lp61 ‘urpunig) eaipuepwsl emiwsold
L007 ‘BMIAISERJ 29 NI ‘TUBA LIay19es d
(0S61 ‘eAdIOAZ) SISUBWIOY °|'} 'd

(0561 ‘®aa1aazZ) snonnael sniadojisdoid

1041

2057

M

4q0o

S[0)

A0

wo

ax

aL

€0

kS

el

e

qv

aouinoad eaiydeabosborg

59



X X

X X X X

X

X = X

X X XX

X X X X X X

X

X X X X X

X X X X

X

X
X

X X X X X

X

X

X X X XX

X X X X

X X X X X

X X X X X

X

X X X X X X

X

x X X X

X

X X X X X X X X

X

X X X X X X

X

X X

X X

X =

X X X X

X x X X X X X

X

X X X X X X

X X

X X

X

X X X X X X X X X

(TT6T “Togary) siu40dIAR|d “|

(Z161 “I9ary) SIUI021INJ. B|1UURWAUBIYL
986T ‘Usunysiny reuiaiseed ‘|

606T ‘Jaaly sij1oelb eluuewsualy |

8007 ‘BMIAISER{ 29 WOXSpUNT ‘urporg eijisedpbbA |
GB8GT ‘UsunysIng sifeisne enseae|

(6061 “11JOI]) SUBIIAILIBS SNIPE|I0YIIOUAS
8661 “SULA\ SNIPaWIB)UI SNIPR|I0|NS

8161 ‘AOSIUD[AZ 29 BAO[IYS BUR|daeid ruIbIaq|axorIS
«SIeYAL,, 7 “ds -

1 ds ad -ds -

uaunysmg, 's 7°ds

000 ‘01eSSOY ©1IBI0243)S

8861 ‘s1adse) ©S019S0]|9INIS *

(LT61 “1onqays1000) wnioyeud -

/76T ‘ulpunig siuuadipnuesed -

(€161 “1ongoysi00n) siuuadipnu *

(#081 ‘udS191A) uobodoons) *

(1T61 “To5ry) B3RO} *

TE61 1onqaY31000) ISpIemps *

(9681 “131eA) Suabunuoo *

TY6T ‘Sp/eMp3 Wn.Ioe|nieg *

ewLude ad -ds -

(8181 ‘usSIOI) BWILISYE *

[ P B 7 IR Vo B V5 B V5 B @ B 5 B V5 B Vo B 75 IR V5 B Vb B 75 B @]

8861 ‘s1adse)) euaowe ‘Jo

200T ‘TuoIoua 29 o1essoy ebuojidie eniws
(9561 ‘urpunigy) sjulodtulds 'y

(9561 ‘urpunig) epinbue| eIIWS0aUY

886T ‘|19UYdS 79 Jaylaes snyejuapiun ud “ds
886T ‘[18Uyds 7 Jay1ses snaunpal *

(0€81 ‘udS) sjjooLqelf *

(6061 “1ogzor3Y) sadiosny -

(981 “1o[eAN) SNSNYS *

(s€61 ‘sprempg) juewdeys *

(6T61 ‘sprempg) snyeagAeyo -

(€161 ayyary) sadie sndojod1120ayy

X X @ x o o o

1047

2037

SH

ad0o

C[0)

A0

wo

aX

aL

€0

S

el

1S

X

av

aoulnoad ealydeabosbolg

60



XX X X X X X
X X X X X X X

XXX XX XXX XXX
X X X X X X X X X X

X X X X
X X

X X X X X X X X X X X X L18] ‘USSIOI SLIRNUUE D

('smonpal 'I'}) €861
“[e 29 19SAY SLIUBAIPNU *D/886 1 ‘Utwol(] % Aoueqoys sijibe -

€861 e 2 I[NA\ SLIUBAIINJE 'O
7961 ‘@loudAII{ sngJage (snwouoiyd) "0

X
=
X
X
X

8776T ‘UewaalH Iuedew (sigejoleey)) 'O
X G08T ‘SnIdLIge suejus) "
(S161 “yoorreiA) snyesalpiffed (-o01dweD) snwouoiyd
X g8 (4081 “USSIOA) BLIBUOGIRD BI[RLIUSg

X X X X
X X x X
X X X X
X X X X X
X X X X
X = X X
X X X X
X X X X
P
X X X X
X

iuiwouoaiyd _mmc_c(_oco‘__r_o
X X IATEOD[EY,, € “dS SRUIIPRIIOYLIO
«SE[[ed,, ¢ "ds 8eullpejooylO

X

JAzefeinQ,, T “ds seulpejooyuo
X X X X X X X X X X X X X X X o ek e g
X X X X x X X X (1461 ‘SPresmps) SISUBSILIIAUI0} 7
X (S¢61 IseSed) vOLIE) 7
X X X N (6161 ‘urpunig) ereuosonuw ‘7
986T ‘UBUNXISINL 3ej[eu ‘Z
X X 0861 ‘Aexmpy 2 Surmo( selssrydwiny 4o e1yasinfez

X 886T “JBUISES 79 |[8UYIS SNsN|de SNdoj00LIBAIA
(6261 ‘spiempd) I][eldan ‘|

226T ‘'1ayiary| erreusponp |

(9¢61 ‘19nqay51000) $3d140]0ISIP “L
(6261 ‘SpTeMpH) SUBISBA[ED |

(¥€61 “19nqay31200) BILIBARY BIUSIAA |

X x X
X X X X X
x X

X X = X
X
X
X
X

X X X X X
X
X
X X X
w X X X X
X X X X X
X X X X X
X X
X w

w
X X
x X X X X
X X X X X
X w
X =
X X X X X

X 806T “1oyary sidjedinaig snipejoossi
(€861 “oxessoy) Hjjouol "L

(9561 ‘urpunigy) ere||amnos |

(0¥61 1onqay31000) surejnbueidal *|

X X X X X
X X X X X
X
X X X X X

X X
XX XXX XXX X

986T ‘Usunysin susjjaoxared ‘|

X
X X
X

(9561 ‘urpunig) suajjaoxa erefeunyoL
erenA ad ods <]

(YT61 ‘spremps) ejenin ‘|

LV6T .C_Ucam_ ®©Indsqo ‘|

X X (661 ‘urpunig) gnosnuI ‘1
X (7267 ‘spremp3) enasnlew |

X X X X

X X X XX

X X X X X
X

X X X X X

5

047 2047 s¥ G40 BJO YO WO 9 dS 9L BO M €S el IS By N Qv |V aouinoad eaiydeabosbolg

61




X

X X

X X X X x

X X X X

X

X X

X X

X X X X

X X X

X X

X

X

X X X X X

X X

X X X

X

X

X X X X X

X X X X X

x

X X x X X X

X X

X

X X X X X X X

X X

X X X X

X X

X X

X X X

X X

X X

X X x X X X X X P4

X X

X

X

X X X x x X X X X < x X X X X

X X

X X

X X X X

X

X X X x X X X X X X X x

X X

xX X X

X X

X X X X

X

X X

X X X X X X

X x X X

676T ‘ulpunig snjfisinusy

go)

868T “03qpun- 1ahaelss O

€/6T 43|NAA SNLI0I0S

“33e sijnexes *

1861 “Te 29 T[N SIjIexes -
GT6T ‘IajJary snuieulfes

£081 “USSIOIN snired *

€16T 4N SIsusiiewyiL *
109 6561 “@3zudng jwwnyjopnasd *
(85L1 ‘snaeuury) snsownjd -
(L8L1 “sn1dqeyq) sjuiodi)id -
6S6T ‘@zuans Jabid -

£86T ‘19]INg 79 I8N\ X€10208U *
€861 “[& 79 19SAY SIsuatRINW *
1961 ‘[A93] smouejaw *

7961 ‘TAY susdsaueeW *

6S6T .mv_Ncmbw snpunj -

0SS8T IPAsIdNAZ sugnbny *

1261 “19nqays1200 snjhisibuoj -
109 661 “S12qapur junJewuof -
1T61 “19nqaYS1000) suosIuLLIsul ©
109 (161 “IFRTSY) snolpueyst *
966T 133N siulodljidossiay -
T66T .._wv__:>> snuisjeld}

/66T .‘_mv__s\s less -

6861 ‘AouBqOYS SHUB *

6561 “Mzuang 's sijesiop -

8661 ‘BIOUIAIIH SNaULIZLOD *
7961 ‘eloudsny sniejo -

0€81 ‘SN snyenbuld *

8861 “[e % SDHAY sisusyoloq *
8661 “BAO[TEYDIIA 2 BIOUDAIIH SnyeluspIAsiq *
T66T 49X N aeulueljaq -

0€81 ‘USSIDIN snuijude *

0981 IPAISIDNAZ snuldeIyiue *

2
7961 ‘eloudAlry snyoij|os -

O O O O OO OO0 OLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOLOL OO

1041

2057

BY

4q0o

S[0)

A0

wo

ax

as

aL

kS

el

qv

aouinoad eaiydeabosborg

62



X X X X X X X X (zT61 ‘10pery) sifenbse sadipusioldA|9

X X X X X X X X X X X X X X X X X X (SLL1 ‘snmouqe) suspus) -3

X X X X X X X X X X X X X X SE61 Tonqaysioon IfIsgedoels '3
X X X X X X X X X X X X X X X X X X X X (0€81 ‘uaSIap) siuuadige snwouoliyoopus

X X X X X X X X X X X X X 8661 BIOUSAIIH °s (761 “ToFory) sijelo3oad '3

X X X X X X X X X X X X X X X X X X X (8¢81 ‘uaSIN) euehed eipjajuig
X X X X X X X X X X X X X X X X (9161 “1gRrs]) snwioyy '
X X X X X X X X X X X X X X X X X X X X X (9681 “11EA) SNSInd @
X X X X (8181 ‘UdSIOI) snyejou "q

X X X X X X X X X X X X X X X X X X X (6€81 ‘1980118) snsonau q
X X X X X X N X X X X X X X X X X X X X (1z61 “ygary) 49bigo) sadipusiosniq
3 3 8861 ‘ss1y smos|Bau (epfewd]) '

3 3 3 3 3 3 1661 ‘UOIBuE] 's [ 9 ds"Q

X X X X X X X X X X X X X X X X X X X X (8€81 “IPaIsIoN7) Smesaupna (‘Q) snwouoaiydoydAiaiweg
X X X X X X X X X X X X X X (19L1 ‘sneeuury) sadyi vasoliouaq

X X X X X X X X X X X X TT “(1€61 ‘IseSed) sisusewsn "D

=l (zz61 19nqay31000) Jsusiopnasd ‘O

X X X 3 N Y961 ‘sS1oy rapjafsnyfd

X X (0961 “oneqns) 1AqJep sadipusioldiin

X X X X X X X (£€61 19nqay31000H) SISUBIINOSSN "D

X X X X X X X X X X X X X X X X X X X X X (0€81 ‘uoBIoN) sueoljddns -
X X X X X X X N X X X X X X X X X X TZ6T “IaldIN snyesisol 'O
X X X X X X X X X X X (€€61 ‘uewAsnIY) 1993l "D
X X X X X X X X X X X X (0€81 ‘udSIOIA) snuioenisd -0
X 3 3 X X (9581 ‘1o[EA) SUBIdBIQO "D

X 1261 19nqaYSR0DH SNJendnuap O

X X X X X X X X X X X X (6€81 ‘1989118) snyerosejoqe snwouosiyooidAin

X X X X X X X X X X X X X X X X X X X X X (L9LT “sneeuur) WNINPUIA *O
X X X X X X X X X X (8181 ‘USSIDIA]) SUBISBIIA "D

X 0T ‘7002 18y13es 79 salds 1iangayBisob "0

X X X X X X X X X X X X X X X X (E€61 ‘urASIIY) ISPIBMPS 'O

X X X X X X X X X X X X X X X X X X (Lp61 ‘urpunig) wnyeurreslq ewsdopeld
X X X X X X X X X X X X X X X X X X LE6T “1ONQAYSIR00) [.0)S ')
X X X X X X X X X X X X X X X X X LEBT 'gl0IS Xepusw D
X X 8661 ‘BlOUSAIIH snpiAodwi ')

X X X X X X X X X X X X X X X 6 ‘8181 “UOTIDI SI[esI0p (SNLIOUOAIYI0GOT) D

M @7 Joy7 2047 SM ¢4O0 ®BJO O WO 9 9SS dL BO M BS BL IS By N GV |V aouinoad [earydeabosborg

63



X X

XXX X XXX

X X X X X

XX X XXX XX

X X

X X X

x X

X X X

X X

X = X

X

X X X X

X X X

X X

X X X

X w X X X X X

X X X X

X

X w X

X X X X

X X

X X X X X X

X X X X X X X X X X

X X X

X X X X

XX XXX X X X X X XXX

X X X X X

X

X X X X X X X

X X

X X X X X X X

X X X X X X X X X X X

X X

X X X X

X X

X X X X X X X

X w

X X X X X X uw

X X X X X

X X X X

X

X X X X X X

X X X X X

X X X X = X X XX X X

X X X X X X X X X X X X X X X X X X X

X X XX X X X X X wuw

1]

X X X X X X

X X X X

X X

X X X X X X X

X

X = X X X X X X X X X X

X

X X X X X X X w X

X X

X X X X X X

X X =2 X =X X X X

X X

X

X X X X X X X X =2 X

X

X X X X X X X X X X X X X X X X X X

X

X X X X X X X X X X X

66T ‘UIpunig sisuaueljis o

(9681 “ro31eM) stjired d

66T ‘utpunig sifenbipesed

(¥L81 “dmap "p'A) snwoayoouow d

epT (8161 Iopery) Joljioedh d

(5061 ‘ussuueyor) suanbaly d

(6261 ‘sprempd) sijenbip d

sniejnuuelq 1d “ds g

(6€81 ‘1932.1S) Ssnjejnuuelq snwouoiiyoeied
(6761 ‘sprempg) eiydodo ejjsnsebed
(€61 ‘Sprempd) snoluopafed snsiwQ
(1761 “19nQqay81900) 1Ae1q BWNEYIO|IN
(6261 ‘sprempg) sisusjepAl |\

(9LL1 199D 2) snjfapad N

€961 ‘elouaany snjabiu ‘I

(0€81 ‘uaBIo) stutfiuod py

(8181 “WASIOA) SLIOJYD I

/¥6T ‘Ulpunig sisrennalg sadipualololin
(8161 “T9JJATY) 1aus) SNWOUOIIYI0IDI|N
1961 “BAO[IYS B|ODjUBRIRY, ]

€661 “[e 7% eAo[IyS ewnd eyjaiuidi

(1161 “1ogary)) sapiojAeabe ejaiuiogiaine]
(L9L1 ‘snoeuur) ejjisnd iS00

(1761 “19nqoY31000) S1WI01PAdIPUR) SNINIBKIN
TZ6T .\_wt.w_v* euewidsn) ‘H

(ST61 ‘Y9O[[EIN) erR[[aWR|114ND BIYOSIUIRH
T ‘(€81 “Wenboey) SIPLIA *

(6061 “1o13r3Y) snyeubs -

(6261 ‘sprempy) sadired -

(4081 ‘uoBIO) susjjed -

(9681 “1o3[EA) SIJ108qWI *

(8181 ‘UaSIOA) snone|f *

€T (FT61 Toory) SusIpoy *

2T (€161 “Togory) snjjaulbynes -

€T6T .._wtw_v_ ©e|odlned -

(6€81 “1982w15) sadiqueq -

[ORNCRNORRORNOCRNOCRNORN O RN G RN O)

Ch

1041

2057

M

4q0o

S[0)

A0

wo

ax

as

aL

kS

e

P

a
<

aouinoad eaiydeabosborg




X X X X X X X X X X X X XX X X X X X

X X

X X

X X X X

X X X X

X X

X X X

X X X X

X X

X

X

X X X X X

X X X X

X X

X
X

X

X X X X

X X X

X X X X

X X X

X X X X X X X X X

X

X X X X

X X X X

X X X X

X X X X X X X

X

X X X X X X X

X X X X X X

X X X

X X X X

X X

X X X

X X x XX XX X X X X X X

X X X X

X X

X X X X X X X X

X X X X X X

X X X

X X x X

X X X X X X X X X

X X

X X X x X X X X X X X

X X

X X X X X X w X

X

X X X X X X X X

X X

X X X X X X x X X X X X

X X

X

X X X X

X X X X > X X X X X X X X X

X X

X X X X X X X

X X X X X X X X X X X X

X X X

X X X

X X X X X X

X

X X X x X X X X X X X X X X X X X

X X X

X X X X

X X

X X X X X

X X

X X X X X X X X X = X X

X X

X

= X X X X

X X X X X X X X X X X X X X X X X X

X X

X X X X X

X

LL6T “18paes epnealjid enjoeqoy

1€61 “19nqay31000) wnje||elnd d

(9681 “Tox1EAN) WNOIAUOD (winjipadisain) ‘d
7961 “BlOUdAIIH wWnyeualoena) d

(€081 “ueIyos) Wnuaeess d

TZ6T “Yayary] wnrennbupenb d

(8€81 Ipa31s19197 ) winjind ‘¢

T26T ‘Jalald] wnreusiolq d

Gz6T “Jayany wnndAbae (ednpodial) d
GY6T ‘seumo] snuobiiy d

(0€81 ‘udS) ansepad d

($081 ‘udS) Wnsojndagnu ‘d

(8181 ‘UdSIOI) wnse| d

(1261 19nqay31000) Naulpunie d

0£61 “19NQaYSHR0D WNUsoWe d

(8¢81 ‘ueBIo|) suI0d1q[e d

0S61 90D 'S G161 TPy wnnoe (wnjipadAjod) d
9T “(9$81T “Iox[EA) WNLIY d

(L8171 ‘dnpy "pa) suaplos (wnjipadeluad) wnjipadAjod
(8181 ‘uuewapaip) sadiound ‘g

(8181 ‘UaBIoN) sadiany v.agoasdouany
926T ‘euldi] € "ON "UU0d |} d

GT ‘ST6T ‘Ud0j[e\ Stienbaeqns ‘d

(8181 ‘uaSroN) snuewiqre sadipusieed
(ST161 ‘Yoo[TRIN) SI[eJaljeyobiu ejjaiulogqiainefeled
Dlofuoruog,, T 'ds d

(Sv61 ‘saumor) autpun d

(zr61 “1onqoysi0n) wnnpbiu d

(1261 “Toygory) wnjeulure| d

(Sp61 ‘seumoy) eisydered d

€T6T Yayary sigejoidwed ewjadope|oeed
«DofiL, Tds ¢

(1261 19ngay381000H) SNSONIA d

(1261 “19nqay31000) snuea d

(ST61 ‘YoO[[BIA) SnyepneaInus) d

(1€61 9onqays1000) snuidjeqns d

1041

2057

M

4q0o

S[0)

A0

wo

as

aL

€0

kS

e

qv

aouinoad eaiydeabosborg

65



X x X X

XXX XXX XXX X x X

X

x

X XX X X X X X

X X X X

X X X

X X X X

X X X X

X X X X X X X X

X X X X

XX X X X X X X X

X X

X X X X X

X X X X X X X X X

X X X X X

X

X X X

XX XX X X X

X

X X X X X X

X

X X X X

x X X X X X X X X X

X X X X

X X X

X X X X X

X X X X X

X X X X X

X X X X X X X X X X

X X X X X

X

X

X X X X X X X X X X

X X X X X X X

X X X X X

X X

X X

X X X X

X X X X X X

X X

w X

X

X X X X

X X X X X

X X X X X X X w

X

X X X X X X X X X X

X X X X X X X X

X X

X X X X X X

X

X X X X

X X X X X X X X X X X X X

X X X X X X X

X

X X X X X

X x x = X X

X

X X

X = X X X

X X X X X x

X

X X X X X X X X X X

X X X X X X X

x X X X X X X

226T “Uayny snpijred -

(zz61 ‘TonqoysS1000H) snyeninclbiu

7961 ‘elousAnry snissjouw *

100T ‘BAIID 1ayirew -

7100 “(9$8T “Iov[eA) Snouew *

8€61 “198nry Jeojedopida) -

7961 ‘elousAI snpunani *

100T ‘B[O snojuepal -

LY6T ‘utpunig sioyfip -

100T ‘eA[1D sejAIkd D

26T ‘1ayaly wnsiopuie (snstelfueiope|d) 'O
©9T “(TT61 Tharsy) smnulodiq 'O

7961 ‘eloudAlry] snpuewe (e||aizua) snsieykueiope|d
1uIsJeIfue] ‘Seulwoucdiyd

[ORNCRNCGRRCRNORECRNGRNG)

(6£81 “1o80r1S) snjeuised SNWoUoIIYI0pNasd
1LUOUOIIYI0PNaSd ‘Beuluouoiy)d

(8581 ‘A p'A) BlRIOWIBW B]|31]3INRZ
(9161 “11JAT3]) SICLJOUSX SNWOUOIIYIOUSX
(9581 “Io[EA) WNIX8IUI SO[BqLIL

(081 ‘uaBto) snpids] 'S

Tedun 1d -ds '

(9581 “1ox[eA) Jedwil 'S

(0£81 ‘ueStoy) Jedsip sadipusiopusuks

(18L1 ‘snioLiqeq) snanons °s

(8€8T IPAISINAZ) IP[20YISUBSOI °S

(0€81 ‘uaSW) snimaid 'S

(8181 ‘waSIoA) stuuadinoew ‘s

(2261 Top3ary) sdaoioyIssedd SNWoUolIydI01ons
(6T61 ‘sprempg) snojulaqy 'S

(p6L1 “sniouqe) snqqib 'S

(8€81 IpArsIanaz) siuuadiose) SNWOU0IIYI0oUs]S
L661 “Z1A01d 79 z1a01d ewld 'S

(0S81 IpaISIONIZ) BUIIRI0D 'S

8661 “Te % 1[N\ 14aneq enuabias

LL6T ‘UOSYOB[ ISSIal BLI8Y19eS

"ANXD 29 "AJe[ Jopul *ds 'Y

1041

2057

M

4q0o

S[0)

o)
[

©
(%]

©

e

aouinoad eaiydeabosborg

66



XXXXXXXXXXXXXX X X X

XX X X xX XX

XXX XX XXX XX X X X

XX X X x X X X

X XX X X X X X X X X X X

X X X

X

XX XX XX XX X

X X X X X

X X

X X X

X X X X

X XX X X X x

XX X X X

X X X

X X X X

X

X X X X X X X

X X X

X x X X

X x X

X X

X X X X X X

X

X X X

X X

X X X <

X X X

X X X X X X X

X X

X X X X X X X

X X X X

X X X X X X X X X X X X X X X X X

X X X X

X X X X X X X X X X X X X X X

X X X X

X X

X X X

X

X

X

X X X X X X

X X

X X X

X X X X

X X X X X X X X

X X

X X X X X X X X

X X X X

X X

X

X X X X

X X

X w X X

X X X

X

X X X X X X X

X X X X

w X

X X X X X X X X X X

X X X X

6776T ‘Ulpunig snaioquadAy d

(5881 “roprouyds) Hwwib d

S061 ‘USSUUBYO[ S||ILUISSIP d

$961 ‘ss1y siydiowip d

(6261 ‘SpIemps) snyejnaiagniq o
(¥T61 “1apgary]) snoerisne d

1861 ‘TEPIMES 29 SSIOY SISUSOYSICe snsieihuereled
1T (6261 ‘sprempd) siuuadiaund eijaInezosN
6961 ‘ssioy eoeLAlS *

9002 ‘W3 7 IS avios -

9002 hE.w._v_m_ & IN1S aelayue.ayas -
(6061 “IJJAIS) SHIUBAIBSOS *

100T ‘B[1D SIsus|i *

8761 19NGaYSH00 eYRAINIA) *

6€61 19nqaY31200 sijelpeds -

(0€81 ‘udSIN) BINpIjIEd *

(9$8T “IoN[EAN) SUBISBIOU *

(8181 ‘UOSION) eURU *

800C ‘BMIAISEEJ 79 BY[ID) B|[eW -
(8261 ‘udsuueyor) jueboj -

9/6T ‘[epames 1613gapul] *

G/6T ‘[epames siisnoe| *

900¢ ‘Was3 % IS pulp

(8181 ‘wdSIIN) 1ounf -

26T _‘_wtw_v‘_ m:no__cm_m:_ :

(€¢61 ‘sprempg) epiydouoiyo -

9002 ‘Wau{3 7 NS SHUODeD *
6961 ‘sS1Y eyenuaye -

(1161 “1oggory]) erejosejoue *

(9681 “1o3jem) eysodde -

9002 ‘was3 7 NS ealpuadde ea308sdodl
0L61 B12Gapur LI3AI0 "D

8€81 Ipais1onaz enbiqure vIa20uAI0)

S >3>=>=>>>>=>=>>>>=>3>=5>3>3==5-¢3

(LE6T ‘sprempyd) ©IS021AaI( eUIjj2dWaIsuo)

(6T61 ‘sprempd) 1d|nmisapueA O
7961 “elOUdAIIL] S818] ')

5

(5]
-

1041

2057

Y

4q0o

S[0)

A0

o)
wn

aL

€0

X

aouinoad eaiydeabosborg

67



X X X X X X X X

X X

XXXXX XX XX x

XXX X x XX

X X X

X

XX X X X X

X X X xX X

x X

X X X

X X

X X XX XX XX X

X X X X

X

X X X X X X X

X X X

x X

X X X X X X X X

X X X

X X

X X X

X X X X X X X X

P X X X

X X X X X

X X X X X X PY

X

X X

X X X X X X X X X X

X

X X X X

X X X X X X X X

X X

X X X X X X X

X X X

X X X w X X X X X X X X X X X X X X X X

X X X X

X

X X X X X

X X

X X X X X

X X

X X

X X X X X X X

X X X X

X X X X

X X X X X X X X

X X X

L

X X X X X

X X X X X

X X X X X X X

X X

X

X X X X X X X X

X X X X X X

w X X X X X X X

X

X X X X X X X X X

X X

X X X X

X X X X X X X

X

X X X X X X X X X X X

X XX X X X X X X X X X X X X X X X X X X

X X X X X X

L961 B1oqepur Jedsip |

9Z6T “IaaIN sniyoueiqIp 'L

L0O0T ‘BMIAISER( 29 BY[ID) J0LISSEP ‘|
(0€81 ‘uoBION) SI|Igap 'L

TT6T “4ayaly S1u1021und |

¥€61 10nqaYSH00) SIsusAuIyd “L

[L61 “NBYNL 2 SSIY snjuoyang ‘L
€961 ‘S109qopurT juipuniq |

TT6T 1ayar snjiydoyyeq 'L

1L6] ‘NI 2% SSIOY |ussIapue '|
676T ‘Ulpunig snyesjnae ‘|

0L61 ‘319qopuIT sue.liage snsrelfue]
(1261 19ngays1000) wnnyjes 'S

(6261 ‘sprempg) vinpiavy s

6T ‘700z ‘J8y1ees 79 salds IspJemps 'S
(6261 ‘sprempd) siAsiq ejjauljjadwals
S00T ‘B[O 8LJOAID) S

(Lv61 ‘utpunig) sjuuadiigelbgns s
(1161 ‘19pary) 19sneq 'S

LY6T ‘utpunig 1wre euljjadwals

06T ‘uuewyaT 19bull -y

1261 “10nqay31e09 snpiydojoyd Yy
606T ‘121X epodejuad 'y

8T (8781 To3y1eA) snpronjad -y

626T ‘UUBLUBUBIYL B]0219SNW "y
(1261 19nqays)00H) sNjAISIIND snsrelfueloayy
T109 (08T ‘WIS SINUa) d

(1261 19nqay31900) snin|ausl d
(8261 9onqaysHo00) sniejjioiuad d
800 ‘eMIAIseeq 29 eY[IO snjiydodoeesed d
(g€61 “19nqa3yR0D) 161ATRU d

(6061 “19Jr3)) JUs0gI3INe]| 'd

(0581 Wpars1onaz) sadnse| d

(6261 ‘sprempq) snjiydoaae| d

(1261 “1ongoyS1000) snyeatnul d
(9681 ‘10318A) SNIadoul d

5

1041

2057

Y

4q0o

S[0)

A0

wo

ax

aL

—
]

ZIX X X X X X

a
<

aouinoad eaiydeabosborg

68



X X X X X

X X X X

X X X X X

X X X X

X

X X X X

X

X x

X X X X

X X X X

X

X X X X

X X

X X X X

X

X

X X X

X X X

x X

X X X X

X X X X X

X X X

X X X

X

X X X

X

XXX X X X X

X X X X X

X X X X X X

X X X X

X X X X X

X X X

X X X X X X X X

X X

X X X X X

X X X

w X X X X X X X

X

X X X X X

X X

X X X X X X X X

x X

X X X X X

X X X XX X X X X X X X X

X X X

X X X X X X X

X X X

X X X X X X

X X X X X X X X

X X

X X X X X

X X X X W X

w X

X X X X X X

w X X X

x X X X X X X X X X

x X

X X X X

X X X X X X X X X X X X X X X X X

x X

X X X X X

X

TZ ‘6S61 “S10qapur'T Snolrew|s) "L
(8581 “dinpp "pA) snaneAjAs "L
9L61 ‘31993pur snjnyets ‘L
/¥6T ‘ulpunig snaipue|ows |
(8581 ‘dinp "p'a) snyeubis |
600 ‘epIAISER] %9 BY[ID [e|aw|es |
JY6T ‘Uipunig snyeaindal ‘|
L¥6T ‘uipunig snyejuspripenb |
8007 ‘eMIAISER] 29 BY[IO) Jobiuesed |
(9687 “ro31em) stuoaipiyed °L
696T ‘XneulsA siensjed ‘|

6V6T ‘UIpunig smnodo °|

(¥T61 “1og3or3y) snotfaniou |
/€6T ‘Uasiapuy Jabiu *|

626T ‘Splemps snsolowsu |
/6T ‘ulpunig snyeloundnnui ‘|
(1261 “1oggorsy) sdsosoiiuw °|
GZ6T ‘1aald Xepuaw 'L

IL61 ‘MexnIq 2 SSIaY Snipawl “|
6661 ‘SSIY 2 waryg snsouldsoduew ‘|
9T6T Uayary] suabnj -|.

TT6T ‘Uayary sisrenbuol ‘L

02 ‘TT61 1enqaysieon 1abelss] L
TY6T ‘spremp3 sdsalojiye] |
0L61 ‘S10qapury snoluoddej *|
6¢6T ,m_u._m\SUm_ Suadsalde| |
/¥6T ‘ulpunig sisuaseuul |

1261 ‘19nqay31000 sijenbaeur *|
€761 19ngaYS1900 SIsuspsnay ‘L
606T 4ayary] sniuebaih |

(881 ‘uaISwor) smusajioess |
6¢6T _mv‘_m\Scm mcwomm‘_n_m_m 1
226T “Iayary sdeoisoqqib |
0L61 ‘819qapur snoluusy “|

6¢6T ‘SPIemp3 snyeAedxs |
(9681 “1o3[eA) snjnuiwe “|

1041

2057

M

4q0o

S[0)

A0

e

Z|X X X

qv

aouinoad eaiydeabosborg

69



el
:00TE exe1007 - ( 1uIsrejfue], :oeprwouolry)) e1o)diq) I9jors B||aizus JO UONIALINSAI PU. SNUAS o) JO SONBWISAS B SPIEMO) (IOJJOTY SnsiejAueiope|) [ensnun XIS ‘1107 "A\ ‘B3O

‘8%-1€ 179LT BXe1007 - “(deprwouoiry)) :e1a1di) (J93Jor3]) SN2Idans O Jo maladl & yim “u “ds snjefaialbuo] snipejoolsey jo uonduosad 1107 A ‘Soids pue g ‘ams
"06-1 "7SL ©xe1007 - *( e191di(] ) 9BpIrwiouoIIy)) Jo aInje[OUSWIOU pue AWIOUOXE) U0 SUOIIEPUSUIWIOIAI PUB $AJON 007 V'O Ioyies pue ‘N ‘saidg

"86-16 (1) 0T ‘V 81I18S ‘0Ay0L
‘WNasN\ 92UBIAS [EUOINEN aY JO Und|Ing - L6 “IseSed enseynodwAs 11 “ueder woiy (oeprwouoiry)) ‘e1adi( ) seuIsoweI(] A[IWRIqNS 3y} JO SPIUOUOIY)) “b66] "V H ‘OYUIYIIBYRIA

‘91-1 €G] BXR1007 - “(deprwouory)) : e11di() piiom oy Jo sa10ads vIjaIARZOBN JO ISIPOAYD B YIm “A0U "quiod (sprempd) siuuadiaund eljaiAezoa| Jo uonduosapaly ‘9007 "L ‘Wonq

8S1-601 1S HLIY3sHaz
ayasifojowoius ayasinaq - “(seprwouoiry) :endi(y) sdnoid saroads suabn| pue -xepusw ‘-snirefialh -snjnuiws 3y, ‘T sa10ads snsiejfue] ueadoiny jo sagels armjewiw] ()07 "L “WaD[g

"TS€-S91 ‘€ swalddng ealreulpuedS BIIH0[OWOIUT - "SI[BW J[NPY "¢ MR "SISOUTRIP puk SAIY - UOISAT ONOIR[OH Ay} JO JBPIWOUOIIY)
('pH) "L ‘WOYIIPAIAN UT "sasouSerp pue sKo3] - U0ISaI o130IR[OH o) JO (SLPIWOU0IIY)) (eId)dI(]) SBUIIPR[OOYII() JO SO[BW JINPE Y], ‘6861 V'O Ioyles pue Y [ TOAIQ “'S'd ‘U0ISULI)

SERIVER TS|

"(#00T WoD[F) L96]T “3199aPUIT SI[eII0S PUB L96T “B19GapUlT SUBINWIS "UAS T (00T WALIH) L961 B10qapurT luswled pue 961 “B10qapur susidioap uks :0g
(00T 1oyIes % s1dS) (6761 ‘SpIempd) Joulw Sade|dal (6T Ly61 ‘UIpunIg SNWISSIOUNSIP eljauljjadwals “uAs 18T (9007 ‘W) 0861 ‘NqIy elendipuaddebuo] 'uis 17T «(110T BYID)
LYBT ‘UIpunIg SISUSUOIXaM “UAS 1egT :(Z00T WAN-103uIma() (1761 “1oNqaYS1200) Wneuloun "uks :97 ‘6161 ‘TISAOUIAYD) SNOISLINeISURL) Pue (6761 “SpIempy) eurenbsipnu ufs :gT
‘(6161 ‘19nQqaY31000)) SN1RNIIR "UAS :BYT <£00T Jopuld 2 uoidueT s sijioaqui woiy o[qeredas wniSAdodAy 4T (6761 ‘Sprempd) snuelunouew “uAks €T (€161 TPArY) 1uanoxyadib “uks
12T (62761 ‘sprempd) susnuoiBiu ‘uks; :TT {(F€61 1onqayS1000) sijeaare| "UAs 0T ‘6¢81 ToSoes sadifuo] "uAs :6 (9681 ToNTeAN) SUapISSIP ("Y20goT) snwouodlyD "uks :gg ‘snaluua)
sorquuasar wnisAdodAy 17-0037T seouraoxd ot ur :eg ‘sndAejd pim ‘uks; g < pue @ ‘ds 85°6 31 :(6861) JOYIARS 29 IOAI[( UOISURID) S B/ <L/6] TOYIRS IUSSIapuR Wio) IN0jod
sapnpour ‘(400 Ioyes 29 sa1ds) (8€8T “IpAIsINAZ) 10]02Iq '1dar i ‘snwiuiw Aq paxsewr Apred :qg ‘sijewnuq ‘UAs/, :9 (007 Jopes 2 so1dS) 6861 ‘eloudany smaeydAjod "uks :qg
‘€161 ‘elouoarry sadried "uAs :eg (1107 so1ds 29 1mg) 1107 ‘sordg 29 1S snyefbaiaibuol panids snl sapnjour :qyp ‘se1edisSIp yim "UAs; ey ‘e1yasinfez 03 SSuo[aq A[SnorAqo i ‘Sijeulan
-(NS M PISNJUOD IT[IBS 9Q JYSIW ¢ ¢(SUONBINUIS JUAIHIP) dInjerodurd) 103em ) 03 dnp dq Aewl (£96[ I[qNS) SA103ds 3y} JO YV PUL INOJ0I AU} UI SIOUIILIP YL, (06T ‘Udsuuey
-0f) SUCLIAY YIIm "UAS(, TBZ ‘SNUBILOWGNS M "UAS;, 1g ‘e||alIalaniopnasd woly ajqeredas A[piey Apsowt reT ‘(y661 ONUSYIIBNRIN) (9€61 ‘BSRUNOL) SISUSYENe) Yim "Uks;, T :S9I0N

X X X X X X X X X X X X X X X X X X €T6T “IaaIy ewolejuad eijpinez
X X X X X 3 X X 3 3 X X 3 X (7261 “1onqaYS1000) sisusuuanp.e snsrejfuerebiin
X X X X X X X X X X X X X X X X X L96T '0N13SIIA SISUBBIOA "L
X X X X X X X X X X X X X X X X X X X X X 8761 TonqQaY3I000 I][RIaA "L
X X X X X X X X X X X X X X X X X X X X X €61 IseSed Sisusewsn °|
X LOOT “BMIAISER( 29 B[ID XN} " |
T 91 Jo¥7 2047 S¥ G40 eJO YO WO O dS gL eBO M €S el IS By N Qv |V aouinoad eaiydeabosbolg

70



	Kownacki
	Martin_Kiefferulus
	Namayandeh



