lN') University of North Dakota
2 UND Scholarly Commons

Theses and Dissertations Theses, Dissertations, and Senior Projects

1985

Late Quaternary environmental and climatic
history of the southern Chilean Lake Region
interpreted from coleopteran (beetle) assemblages

John W. Hoganson
University of North Dakota

Follow this and additional works at: https://commons.und.edu/theses

b Part of the Geology Commons

Recommended Citation

Hoganson, John W,, "Late Quaternary environmental and climatic history of the southern Chilean Lake Region interpreted from
coleopteran (beetle) assemblages” (1985). Theses and Dissertations. 141.

https://commons.und.edu/theses/141

This Dissertation is brought to you for free and open access by the Theses, Dissertations, and Senior Projects at UND Scholarly Commons. It has been
accepted for inclusion in Theses and Dissertations by an authorized administrator of UND Scholarly Commons. For more information, please contact

zeinebyousif@library.und.edu.


https://commons.und.edu?utm_source=commons.und.edu%2Ftheses%2F141&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F141&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/etds?utm_source=commons.und.edu%2Ftheses%2F141&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses?utm_source=commons.und.edu%2Ftheses%2F141&utm_medium=PDF&utm_campaign=PDFCoverPages
http://network.bepress.com/hgg/discipline/156?utm_source=commons.und.edu%2Ftheses%2F141&utm_medium=PDF&utm_campaign=PDFCoverPages
https://commons.und.edu/theses/141?utm_source=commons.und.edu%2Ftheses%2F141&utm_medium=PDF&utm_campaign=PDFCoverPages
mailto:zeineb.yousif@library.und.edu

LATE QUATERKARY ENVIRONMENTAL AND CLIMATIC HISTORY OF THE SCOUTHERK

CHILEAN LAKE REGION INTERPRETED FROM COLEOPTERAN (BEETLE) ASSEMBLAGES

by
John W, Hopanson

Bachelor of Arts
Horth Dakota State University, 1970

Master of Sciencs
University of Florida, 1972

A Dissertation
Submitted to the Graduate Faculty
of the
University of Horth Dakota
in partial fulfillment of the requirements
for the degree of

Doactor of Philosophy

Crand Forks, North Dakota

December
1985




This dissertation submitted by John W. Hoganson in partial
fulfillment of the requirements for the Degree of Doctor of Philosophy
from the University of North Dakota is herebv approved by the Faculty
Advisory Committee under whom the work has been done.

%/@/74//,,/

/(Cha1rperson)//7

o dpee T
7 S |
Vot A, T

s B N

. v

) ) This dissertation meets the standards for appearance and conforms
: to the style and format requirements of the Graduate School of the
University of North Dakota, and is hereby approved.

Dean of the Graduate School




Pernission

Title Late Quaternary Environmental and Climatic History of the

Southern Chilean Lake Region Interpreted from Coleopteran

(Beetle) Assemblages

Department Department of Geology

Degree Doctor of Philosophy

In presenting this dissertation in partial fulfillment
of the requirements for a graduate degree from the University
of North Dakota, I agree that the Library of this University
shall make 1t freely available for inspection. T further
agree that permission for extensive copying for scholarly
purpeoses may be granted by the professor who supervised my
dissertation work or, in his absence, by the Chairman of the
Department or the Dean of the Graduate School. It is
understood that any copying or publication or other use of
this dissertation or part thergof for financial gain shall
not be allowed without my written permlssion, It 1s also
understood that due recognition shall be given to me and to
the University of North Dakota in any scholarly use which
may he made of any material in my dissertation.

Signature

Date




TABLE OF CONTENTS
LIST OF PL&TES..«...............,.,..a‘g....,‘;......,,........«ﬁ‘.. vi
LIST OF FIGURES .. uuvcussvnssvarasnsssensosnsnnssscnnnssvsansansossss YIL
LIST OF TABLE . cuiayuitnnsrueevransresnssvrossrssseotnsnnnansssanass 1X
ACENOWLEDGMENT S . i s i usncrsanssvacmnsvasoctrevrsorssannsnesssanss Xif
ABBTRACT . s e unerrcenaaanrassacunanatsroseassanssnecrasssscenuensanans XV

I INTRODU T IO . i u v s et aasveornnnnansanssssassnssnsvnanssnsnsassnn 1

i II PREVIGUS wnRKoa-cc‘tuttoauoc-.como»‘o-.-¢0«wao-oo«ao»-.-t*‘&tub ?

Quaternary Faleoclimatic Studies In Southern South America
Beetles as Indicators of (Quaternary Enviromments and {limates

111 STﬁBY gREAon-onn:oot-.ti-iao‘ne-%iiyauyo-xo&iioo-bdhn'utdoobo»» 29

Physiography, Tectonlc History and Pre-(uaternary Geology
; Quaternary Geology

' Present Climate

: Regional Vegetation

IV KETEODS-*-;;.«Qnaqn--ot.»bg;oslncbuw;g--v%bva.locscnncaioliﬁd&ﬁ 45

Fleld Metrhods
Laboratory Procedures
i Mathematical Treatment

V PUERTO OCTAY SITE...c.uervrrsncencsncersasssassssncsenassssnnnwne 08

Location, Site Description and Radiocarbon Chronology
Analysis of the Fossil Assemblages
. Paleoenviromwental and Paleoclimatilc Interpretations
: Discussion

! vl PUERTO VERAS PARK SETEOQwucl.."%ﬂa‘on.n.#'i.t!tt%*t'.‘.lik*i“ EGR

Location, Site Description and Radiocarbon Chronclogy
Anzlysis of the Fossil Assemblages

Palecenvironmental and Paleoclimatic Interpretations
Discussion

‘~ivm




*

VII PUERTO VARAS

Location,

%ELROAD SITg‘-"t;UI-‘tCDSICDOG"i.'l‘t"‘.lal't

Site Description and Radlocarbon Chronology

Analysis of the Fossil Assemblages
Paleoenvironmental and Paleoclimatic Interpretations

Discussion
VITI RIO CAUNAHUE

Location,

SITEOQD'.Q‘OOQDHGhdﬁit)ttlt&&'l‘lni#o.l!‘h’ntftv-

Site Deseription and Radiocarbon Chronology

Analysis of the Fossil Assemblages
Paleoenvirommental and Paleoclimatic Interpretations

Discussion

IX DISCUSSION OF THE LATE QUATERNARY CLIMATIC HISTORY OF THE

LAKE REGION,.

X CONCLUSIONS..

L R A A I R R N O R A I A A A

L R N N R I O I R A N A N N L T2 I BN B A )

ZTI TLLUSTRATTONS OF REPRESENTATIVE BEETLE FOSSILS...vcvceravinnes

ZIT APPENDICES...

APPENDIX A,

APPENDIX B,

APPENDTX C.

APPENDIX D,

48 A R RS ENYF AN A REEEE kA N AL e YN IEEEEENEREEERER]

Coleoptera Bioassociations Along an Elevational
Gradient in the Lake Region of Southern Chile

and Comments on the Postglacial Development of
the Faung. ... oovssseensansscervncansansarsnsecnns

Sample Processing Procedures for Extraction
Gf I:ﬂsect FO&&ingtua--caa:o-‘--a--nut’n-to-nnn

List of Coleopterists Consulted During
this Study..uuiiierersesarssrovnnsorrasnsnsreras

Radiocarbon Dates Obtained for this Study......

XI.II Rg?EmCES CIT@;Q!!D’COQQQ.-ﬂob..Ootﬂ-.Ol‘v‘..‘!it‘wr‘(l‘l"'

—g -

116

131

168
193
157

212

213

269

275

281

285




Plate

lA.'

1B,

LIST OF PLATES

Chart showing stratigraphic sections of the fossil sites,

sample intervals, levels of radiocarbon dates, taxonomic

list of Coleoptera and other insects and arachnids and fessil
AbUNAances (DAt} .. ..iee.sncranscscssscassanssnnssnssnnss in pocket

Chart showing stratigraphic sections of the fossil sites,

sample intervals, levels of radiccarbon dates, taxonomic

list of Coleoptera and other insects and arachnidsg and

fossil abundances {continued)..i.ceienscesssssssessrasass 10 pocket

Scanning electron photomicrographs of Listroderes dentipennis,
Pentarthrum castaneum, Wittmerius longirostris, and Dasydema

Birtella, . coiiniiiinruneneeacnnnsserssssssssesasvannvnsancenas 198

Scanning electron photomicrographs of Nothoderodontus
dentatus, Strictospilus darwini, Caenocara sp., and

Perdlopsis flava. ... iriiicirivaernerrvsnascsevassarensnscesns 200

Scanning electron photomicrographs of Abropus carnifex,
Hydrochus stolpi, c¢f. Diontolobus sp. 2, and Baryopsis

ATAUCANUS s vunsnsvssncsnrsasssanssrsarsnavssnnsonnssvessvnssanes 202

Scanning electron photomicrographs of Momarthrum sp., Agonum
sp. 2, Hydora amnectens, and Nominocerus margiplcollis....... 204

Scanning electron photomicrographs of Phloeotribus <f,
spinipennis, Brachypterus n. sp., Glypholoma pustuliferum,

Tartarisus signatipennis, Rhychitomacer flavus,

Austrolimnius chiloensis, and Plectocephalon testaceum....... Z06

Scanning electron photomic¢rographs of Eunemadus chilensis,
Rhopalomerus tenuirostris, Neophonus bruchi, Leucotachinus

luteonitens, Epaetius carinulatus, and Anotylus chilensis.... 208

Scanning electrom photomicrographs of Trechinotus
striatulus, Gipsyella patagonica, Neoelmis n. sp.,

Lophocephala fascioclata, Cryptorhynchinae gen. indet.

and MInurus LeSLaCe0UB e cessarsvucunsnscssonsarcancnensacsnsas 218

i




LIST OF FICURES
figure
1. Map of the southern portion of the Chilean lLaske Region showing

drift sheets, moraine belts, volcanoes and location of
£O£Sil Sitesi¢0‘-ﬁ’o..tt&%*‘t.““d.l‘.%ﬁt.'Q....C‘(t%i"‘nﬁlll }«3

2. Generalized geologic map of the southern portion of the
g&iieaﬂ Lake Region..».»...;‘a.:.-.....‘,x,....-.“s..,;,.n---.. 38

3. (A) Ceneralized cross-section along the 4lst parallel from
the Peru—-Chile Trench to the Andes. (B} North-south cross-
segtion through the southern portion of the Lake Region drawn
from ENAP exploratory well dat@..ccovesseossrssranansannsnenane 32

4. Topographic maps of the areas of fossil sites. (A) Rio
Caunahue Site. (B) Puerto Octay Site. (C) Puerto Varas

Sitestn‘lsal0o-i-st.&dot&n&uu.akﬁob-'t»ana-‘m&tn-ssunnnoxﬁnw--- 59

5. Vipw of the abandoned Puerto Octay spillway...iveevsunvrneneess 60

6, Phptograph of the piston corer and some of the cores
recovered from the Puerto Octay Slte....aveuiruereranesronnnsnens B0

: 7. Photograph of coring at the Puerto Octay Site.....ivvrnencassas B

8. Photograph of the Puerto Varas Park section exposed in Bella
Vista Park taken from the north across route CHZZ25 . i iucacrress 104

3. Photograph of Allan Ashworth sampling the Puerto Varas Park
pejat horizon'd’IIAIII'IOIQHlllllﬁ!ccll.lI'I!I.Q‘t‘lthll‘u‘t.I' 104

10, Photograph of part of the Puerto Varas Park Site showing the
upper peat horizon and underlying lacustrine clays......sas.... 105

11. Similarity wmatrix (trellis diagram) and binary tree {dendrogram)
showing patterns of similarity among 41 modern beetle fauna
callecting localities and % fossgil assemblages.....svvvvnnesess 110

12. Photograph of the north-facing Puerto Varas Railroad Site
roadcgt axposure taken from acress €alle 5an JoSe@..vievevoravss 117

wirf




i Figure

f 13, Photograph of the writer excavating the Puerto Varas
: RBallroad Site...vcccuvianccnnssscasnasoncanssessasssaseraansesas 117

l4. TPhotograph of the excavated Puerto Varas Railroad section...... 118

15. Photograph of the southeast-facing Rio Caunahue cutbank
exposure taken from across the river....ievesesrsvsnnencaansass 132

16, Photograph showing part of the Rip Caunabue section,............ 132

17. Photograph of part of the sampled sequence at the Rio
Canahue Sitel“tl'.‘O.)“I!'}I.I'll.“."‘ll.ﬁl!‘ilt‘*&&'.l‘.t }.33

Al. Map of the southern Chilean Lake Region showing location and
elevation of beetle fauna collecting sites, location of the
Parque Naclonal de Puyehue, extent of glaclal ijce during
the last glacial maximum and location of extant and
; inactive volCAN0@S. . uveunverarrsonasaansrvasasnnssvannsnsssnnns 217

A2, Schematic representation of vegetational and Coleoptera
asgociations from an elevational transect in the Parque
Nagional de Puyehue, Osorno Province, Chile.....cvovernicnnsans 223

A3, The delta at the west end of Lago Puyehue (elev, 205 m
< above msl), Parque Nacionmal de Puyehue, Disturbed lowland
’ forest habitats occupied by Bioassoclation Il...cvsnseneannssss 224

A4, Lapuna La Copa in the Parque Racional de Puyehue {elev. 5330 m
above msl), Undisturbed Valdivian Rain Forest habitats
occupied by Bloassoclation IIl...ieevernacressnssanssvarsnsencns 224

A5, Bage of the rim of the large crater on Cerro Colorado above
Antillanca {elev. 1200 m above msl). Subantarctic Deciduocus
Forest habitats occupied by Bioassociation IV....iesevuvsanvuons 227

Ag. Vipw of the south from the rim of the large crater on Cerro
Colorado (elev. 1350 m above msl). Andean tundra habitats
Qc:upie-d by Biaassociatiﬁﬂ vt‘.'b“‘!Q.*Qﬁ*"I‘.ﬁ’btl’ﬁ’tbh‘... 22?

A7. Similarity matrix {trellis diagram) and binary tree
(dindtogram) showing patterns of similarity among 41
beptle fauna collecting S81t@B...cveeevvensvrncenscnrranersanavs 230

AB., Diversity diagram showing the number of taxa occurring in each
bipassociation (II-¥) and the number and percent of taxa
regtricted to each bioassocdatlon...eesvivsneencesosrnsvnncannns 252

~yiii~-

R L e e " S R e st R .. . . " ) e . .
e e o ok cam DI s .2 MR > .- S B Wi 18 ook < b o R GORRE ) g S




1.IST OF TARLES

1. Temperature and precipitation records from selected stations
1 ) iﬁ the Chilean Lake— REgiQn-'gan--uonu--g--gaa-op----Q:ans»ao-c-o ’él

2. TFossll samples chosen for cluster analyslis...covcrnrnsennnnsee 37
3. Lithologic description of the Puerto Octay sectioneecvecasves. 62

4. Taxonomic list of fossil Coleoptera recovered from the Rio
Caunahue, Puerto Varas Park, Puerto Varas Railroad and
Puerto Octay sites indicating thelr present elevational
ranges, skeletal elements from which they were identified
and plates on which they are illustrated........c..ivervevusnss 65

5. Table indicating the number of identifiable beetle fossils
recovered by sample from the Puerto Octay B8ite and the
nymbey and percent of the fossils ldentified to family,
genus and species. The table also shows the minimum number
of identified taxa and the number and percent of taxa
identified to genus and species in each sample........c..c..... 83

i 6. Fimilies and number of species per family recovered from
each site and the percent of each site's assemblage that
t?ese species Yepresent....vsvesun-sirevusnsnrsesssassanvanssss 35

7. ditional Insecta and Arachnida recovered from each
fsail sitellvlﬁ.'!.&*ﬂ’f&.ll.hhi’&t‘!.t.idﬂ"&l.ki.i.‘ﬁ.il'.-- 87

8. Table indicating the number and percent of Puerto Octay
beetle taxa, in each sample, that occur today at
restricted elevatiomal ranges in the Lake Reglon determined
tbrough study of the wodern fauna....oeiivsasnnenrrrscensannsesr 93

9. Table indicating the number and percent of Puerto Octay

beetle specles, in each sample, that occur today at

restricted elevational ranges in the Lske Region determined
through study of the modern fauna....cvvveversvcnsvnnnascannns 94

10, Lithologic description of the Puarto Varas Park section.......l06

_ixm




Table

11.

13,

14,

16,

}n?l

18.

'E.g!

b

'

b

Table indicating the number of identifiable beetle fossils
recoveﬁed by sample from the Puerto Varas Park Site and

tHe number and percent of the fossgils {dentified to family,

genus and species, The table also shows the minimum number

of identified tsdxa and the number and percent of taxa

identified to genus and species in each sample............... 108

Table ﬁndicating the number and percent of Puerto Varas Park
and Puyerto Varas Railroad beetle taxa, in each sample,

that occur today at restricted elevational ranges

i@ the Lake Region determined through study of the modern

f@ﬁﬁa-g..tgesca*u,g;..»ﬁ..'..ss.i;;qg,;**;;.......c-4¢»%»«$..,113

Tabhle dindicating the number and percent of Puerto Varas Park
and Puerto Varas Railroad beetle species, 1in each sample,
that occur today at restricted elevational ranges

in the Lake Reglon determined through study of the modern

AR, vie s snerenrnnernvrsranensssssverorssresssvsrerararsnsnnesild
Tithologic description of the Puerto Varas Railroad section,,.l19

Table indicating the number of identifiable beetle fossils
recovered by sample from the Puerto Varas Railroad Site
and the number and percent of the fossils identified to
family, genus and species. The table also shows the

minimum number of identified taxa and the number and percent

of| taxa identified to genus and species in each sample..,......121
Lithelo%ic deseription of the Rio Caunshye section............134

Taple indicating the number of identifiable beetle fossils
rerovered by sample from the Rio Caunahue Site and the

number Fﬁd percent of the fossills identified to family,

genue and species. The table also shows the minimum number

of! identified taxa and the number and percent of taxa

identified to genus and species in each sample.........ocosse..139

Table ipdicating the number and percent of Rio Caunahue beetle
taxa, ip each sample, that occur today at restricted

elevatipnal ranges in the Lake Regilon determined through

study og the modern fauna....oraviesisccacrnsssnnsesaceresssrsa153
Table ihdicating the number and percent of Rio Caunshue

beetle species, in each sample, that occur today

at restricted elevational ranges in the Lake Region determined

throughistudy of the modern faUNA.ccuvrerasensossessrssnarares 3D

——




g ©
E j
Table
Al. Taxonomic list of the Coleoptera from the Parque Nacional de
; Puyehue and other locations in the southern Chilean Lzke

Reﬁion;ithe vegetational zones, bivcassoclations, and habitats
in which they occur, their abundance, and dates when collected..231

H
3
H
; ;
; !
: i
H H
H {
H i
)
i ]
i 1
i i
| i
' i
i :
;
: :
H H
£ .
§ P
: .
£

—i -




It
that T h

completi

ACKNOWLEDGMENTS
is difficult to express in words my gratitude to all the people
ave had the pleasure to work with and have comtributed to the

on of this dissertation. I am particularly thankful to the

Geology ﬁepa?tmenbs of the University of North Dakota and North Dakota

State Univer%ity for supporting this cooperative project betwean the two

institut

research

ions;and for providing the facilities necessary to carry out the

. Igalsa thank the North Dakota Geologlcal Survey, my?employer

for the gast}faur years, for recognizing the importance of the research

problem land §ustaining me through its completion.

Tha

kno&ledge gained from the coleopterists with the Systematic

Entomolopy Lﬂbnratory (USDA) and Department of Entomology at the

Hational

Museum of Natural History (Smithsonian Institution) and

Biosystamatid Research Institute, Agriculture Canada Research Branch,

Ottawa was es&ential for completion of the project. 1 express my

apprecia
(1i§ted
into the
obliged
helping !

Smithson

tion %o those sclentists and the numerocus other coleopterists
in ApLendix C) for examining specimens and providing insights
ecolggical requirements of the beetles., I am particularly

Lo Ro%ert Gordon, Systematic Entomology Laboratory (USDA), for
rith %deﬁtificatiena, providing lodging during my visits to the

ian, %nd assistance in the field in 1979. Guillermo Kuschel,

Entomology Di?ision of the Department of Science and Industrial Research

at the Mbunt glbert Research Center, Auckland, New Zealand deserves

e -




!
i !
i H

| |
| ! .
; special thanks for the enthusiasm that he expressed for the project and

examining weevil specimens. I also thank Charles 0'Brien, Flotrida A, &
M. Universitf. for graciously accepting me into his home and assistance
during exami@ation of his remarkable weevil collection. I am grateful

to Volker Pu%hz, Schlitz/Hessen, West Germany for examining staphylinids

and for namiég Stenus hogansoni after me.

§ 1 am in%ebtad to John Mercer, Polar Institute, Ohlo State
E Undversity, %Qr having the vision that beetles could be used te¢ decipher
E the paleocli?atig history of southern Chile and initially propeésing the
| ,

|
project| John gulded Allan Ashworth land me to the fossil sites, helped

excavate the% and aven collected a few modern beetles. A persén can
; always singlé out one individual that provided the inSQiration:ta
undertake a %ajax regearch project. In my case, that person w%s Allan
Ashworth, ﬁo%th Dakota State University, a long-time friend and research
adviser for éhis project. Allan has [truly been an hombre simpético in
| this endeavo%. To him, I express my-éincere thanks. I am ind#bted to
Howard Heser%, currently a doctoral student at the Unlversity #f
é Minnesota, fér providing assistance in the field during the §£%st

expedition t% southern Chile. Nano, Maria, and Titoc of the Agﬁiiar

Gomez familyEaf Puerto Varas where instrumental in helping us eovercome

the many 1ogistical problems, and provided warm hospitality, while we
were in |Chile. I wish them well.

Student% often do not realize the amount of effort that 1f requised

by their a&v%ssry committee to complete the dissertation. I ekpress

apecial gratituég to my committee members, F.D. Helland, Jr., Riahérd
LeFever, Jéh$ Reid, Francis Jacebs, and Allan Ashworth for critically

o & 1 B




reviewlng th% dissertation and providing advise for|its improvement.
H

Bud Holland,

chairman of the coméitte&, through his energy, provided the

impetus to complete the dissertation /in the allotted time.

No project of this magnitude can be completed without the support

of a few very special people. My mother and father |always emphasized

the importance of education and provided the necessary moral aﬁd

financial support to pﬁrsﬁ& my academic training. %c them I am

particularly

grateful and wish that mwy father had been able to. see the

completion of this degree. There 1s jonly one person who is ultimately

responsible for completion of this dissertation, my | wife Shelly., Shelly

instiiled in

me, through her love and understanding, the necespary drive

to complete the dissertation, I'm eternally indebted to her for

standing by me during these stressful times. The people whe have had to

sacrifice so

much, and vet have provided so much comfort to me over the

vears, have been my children, Kelly, Shawn, Josh, and Brian. I hope

that someday

of time 1 should have with them.

they will understand why I was not able to spend the amount

The project was funded by the Geology Departments at the gaiversity

of North ﬁak%ta and North Dakota State University, éHB Graduate Student

i
Research Grant 5021-]1914~0169, and National Science |Foundation: Grants

ATM 77-14683| to Ohlo State University and ATM 78-20372 to North Dakota

State University.
|

i

i

3
H
H
H




i ABSTRACT

ﬁgelogi#al and palynological stu

interpretati&ns of the late-glacial ¢
i

Chilean Lake|Region. Pollen studies

detarioratioé between about 11,000 an

dies have produced conflieting
limatic history of the southern
indicate a gsharp climatie

d 10,000 yr B.P,, interpreted to be

coeval with #he European Younger Dryas Stade. No geological evidence

has been fouéd for glacier advance du

ring this postulated cold and wet

interval. Féssil beetle assemblages from four sites (18,000 to 4,500 yr

B.P.) were aéaiyzed to address this p
Quaternary environmental and climatic
Between 18,000 and 15,700 yr B.P

Valley (Puertjc Octay and Puerto Varas

roblem and to decipher the late

history of the Lake Region,
lakes and ponds {in the Central

Park Sires) existed in an open-

ground, traeﬂess setting. Beetle faungs probably lived in a stressed,

cold environment. This was, however,
Climate amai%orated sufficiently aftet
yr B.P.) to Aermit glacier withdrawal
lowlands but ;as still severe enough ¢
species. Cli#atic amelioration contirn

B.P. and trae% and tree-dwelling beet]

migrated intoithe Central Valley. Par

i
lowiands. Thkse 15,000 to 14,000-year
agsemblages mark the plvotal shift tow

Lake Regiom. ZThis interpretation is ¢

i

E
E -

a period of contracted glaclers.

- the last glacial waximum (19,500

and dnvasion of beetles Iinto the

o support only eurvthermic

wwed between 15,000 and 14,000 vyr -

es (Puerto VYaras Railroad 8ite)

kland habitats developed din the

~gld transitional beetle

rard interglacial conditions in the

engistent with the record of




glacial activity 4n the area, The timing of the transition is generally

synchronous with similar events recorded in other areas of the world.

Lacustﬁine deposition began at
!

the Rioc {aunahue 5ite before 13,900

yr B.P. after glacial retreat from the Lago Ranco basin. Colonization

of the lake jand its margin began about 13,900 yr B.P. By 12,800 yr B.P.

rain—~forest %iata inhabited the area

i The climatie amelioration that

began 15,00d vr B.,P. was uninterrupted through the late glacial

interval. ﬁy 12,800 yr B.P. climatie conditiong, similar to those in

the Lake Reéien today, were establisl

|
until at least 4,500 yr B.P. No You
6etarioratién was detected. These i

of glacial éeeiogical studies 1in the

hed and remained relatively stable
1ger Dryag-equivalent climatic

nterpretations corroborate results

Lake Region.




INTRODECTION

A disprpportionately high percentage of the paleontological
investigations carried cut to reconstruct late Quaternary environments
and climates have been from areas in the Northern Hemisphere. ‘C0ﬁ3e“
quently, the late Quaternary climatic history of Europe has often been
taken to reppesent the normal sequendce of glebal events., However,

; Marcer (1969) in an early, controversial artilele proposed that- the North

Atlantie waséatypical during the last glacilal maximum because 1t was
bounded to t?a eagt and west by large {ice sheetg and presumably to the
north by ext%nsiva ice shelves, He suggested that this cryospheric
configuratiﬁ¥vwsuié have had a unique influence on the climate‘ef areas
around the ﬁgrth Atlantic during deglaciation because decaying ice sheets
and disintegrating ice shelves would thave retarded post—glacial warming
trends and c#uld possibly have caused temporary reversals in tﬁe warming
|
trends. Rud%iman and MeIntyre (1981) presented oceanographic evidence
supporting Kéreer*& proposal, In coutrast, temperate South Amerlca was
not bounded éy large ice masses and the zmount of land {ice has not
decreased siénificaﬁtly since the last glacial maximum {about i?,SGﬁ IT
3.?.--14C years Before Present}. The m&jaé consequence of post-maximum
é climatie ameiioratiou has been a decriease in the area covered by ice

; shelves., VFor this reason, Mercer (1976) believed that areas such as

southern South America responded more rapldly during the last glaclal~

-1
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| transition to forcing factors controlling climatic change;

£

1t therefore provides more representative evidence for such changes than

interglacial

the North Attlantic areas.

As with other areas of the Southern Hemisphere, paleoclimatic
studies in %outhern South America have lagged hehind those in the
Northern Eeéisphere even though many of the hypotheses relating to the
caugses of clhmate change are predicated on either imn-phase or
Qutwcprhase}relationships between the polar hemispheres. Because the
late Quatarn%ry glacial record of the southern Chilean Lake Region (39°
to 42° 8. Ea;.) is one of the most extensive and detailed in the

|
Southern Hemﬁspbere, paleoclimatic investigations in the area can offset
!

the bias of data from the Northern Hemisphere.

1

Easily accessilble,
widespread, +ell exposed, and radiometrically datable late Quaternary
deposits are

present in the Lake Region. Numerous glaclal geolegical

(Mercer, 197%

1973: Heusser

a, 1976, 1982, 1983, 1984a, 1984b; Laugenie and Mercer,
and Flint, 1977; Porter, 1981) and palynological (Heusser,

1974, 1981, 1984a, 1984b; Heusser and Streeter, 1980;

1966a, 1966h

Heusser and others, 1981} studies have been conducted there. The

invastigatio@s, however, have produced conflicting hypotheses concerning
the late Quaternary climatic history of southern Chile.

The late glacial {Late Llanquihue} maximum in the Lake Region

occurred (Mercer, 1976) about 19,500 years ago (herein years ago or

years old means &c years).

This culmination falls within the same time
range, 20,000 to 18,000 yr B.P,, as the last glacial (Late Wisconsinan~

Late Weichsellan) maxima in temperate latitudes of the Northern

Hemisphere, A4

iecording te Mercer (1972a2), rapid glacial recession




followed the

were reduced

~F
19,500 yr B.P. maximum and by 16,300 yr B.P. the glaciers

to about one-~half their maximum size. The warming trend

that caused the recession waes also noted by Heusser (1974) in pollen

profilas from the Lake Region.

One (Mercer, 1976, 1984b} or perhaps two

{Porter, 1981) readvances interrupted the general trend of post-maximum

deglaciation.

The most unequivocal evidence suggests that only one

readvance occurred, culminating about 14,500 yr B.P. (Mercer, 1984b).

Rapild withdrawal followed the readvance,

Glaciers had retreated Inte

the mountaing by about 12,500 yr B.P. and had contracted to their

present position by 11,000 yr B.P., remaining smaller than today until

Neoglacial time (Mercer, 1976).

implied that

Mercer's geomorphologlcal studies

interglacial climatic conditions were established in

southern Chi%e by at least 11,000 yr B,P, and remained relatively stable

until the Ne

glacial,

Important differences exist betwen Mercer's scenario and that

determined b&'palynolsgical investigations from the Lake Region.

Vegetational

changes implied by pollen studies were interpreted by

Heusser (1974) and Heusser and Streeter (1980} to represent gradual

warming from

than today by 11,300 vears ago.

about 13,000 yr B.P., culminating in temperatures warmer

Their findings were in agreement with

the genmorph%c evidence indicatring that glaciers retreated rapidly

during that %ime and were within their present margins by 11,000 vr B.P,

But they intarpreted their paleobotanical evidence to indicate a marked

raversal in t
VeATs ago. 3

colder and pr

his warming trend from 11,300 yr B,P, untll about 9,500

ummer temperatures were estimated to have been about 6°C

ecipitation much greater than today during that shert but




sharp period

-

of elimatic detericration, 4 c¢limatic sethack of such

magnitude should have caused glacier resurgence, an inference that is

not corrobotiated by Mercer's geomorphological studies,

Significantly,

this postuldted cold and wet phase is approximately coeval with the

c¢learly defined Younger Dryas Stade of northwestern Europe, which

resulted in iglacier readvance there,

The climatic history of southern

Chile for the dnterval between 11,000 and 10,000 vears ago, lmplied by

palynological studies is, consequently, notably different than that

inferred from glacial geomorphological studies,

Eecause

the Younger Dryas was such an emphatic event in north-

western Eurqp@, many Quaternary researchers consider 1t ta have been a
i

worldwide cliimatic reversal even though there is little, uneguivocal

evidence of rlimatic deterioration during that time in North America or,

for that matter, anywhere outside of northwestern Europe.

Interpreta-

tiong of palpabotanical evidence from the Lake Region support the

]
concept of a

whereas geolpgical evidence from southern Chile doesg not.

global deterioration of climate during the Younger Dryas

The

importance of determining whethber the Younger Drvas was a global

phenomenon of geographically restricted has far~reaching implications

because, for

£

example, the glebal occurrence of the Younger Dryas Stade

was assumed fIn setting the epoch boundary between the Pleistocene and

Holocene at

Through

this study to:

10,000 vr B.P. (Mercer, 1972b).

analysis of fogsil beetle assemblages, It is the intent of

(1} determine the environmental and ¢limatic higtory of the

sotithern Chilean Lake Region during the 18,000 to 4,300




yr B.P. time period;

{2) lattempt to resolve the problem presented by the conflicting
paleobotanical and geological interpretations concerning the
ti{ming and duration of climatic events in the Lake Region,

egpecially during the time of the European Younger Dryas

S;a&e;

{3 détermine the time of the last glacial readvance in the Lake
Région and the rapidity of warming and recession following the
aévance;

{4) cémpara the findings with other Southern and Northern
H%misphare records.

Although fossil beetles have been used extensively in the Northern

Hemisphera, especially in western Europe and North America, to determine
Quaternar eévirenments and climates, no studies of thig kind have
previously been attempted in the Sou£hern Hemigphere.

For the method to be successfully applied, well-dated sequences of
fossll asgemblages must be avallable and knowledge of the autecology of
the tazonomic groups must be adequate. Four low-elevation sites (Puerto
Octay, Pudrto Varas Park, Puerto Varas Railroad, Rio Caunshue) in the
gouthern ﬁh@ieaa Lake Region (Figures 1 and 4}, previously discovered

during glacial geclogical investigations, were chosen for this study

because collectively they span the time interval of the last 18,000

years and %fter cursory.ebservation, were determined to contain beetle
fossil. Ide%tification of fosegils and palececological interpretations
based on tha% are dependent on systematic, ecological, and distributional

knowledge of%the existing fauna. Although the socuthern Chile beetle

i
!
t
i
i
;
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fauna is con;idereﬁ depauperate by entomologists, little is known of the
community structure and population dynamics of the group. Cousequently,
it was neces%ary to gather a comparative collection of existing beetle
gpecies fromw the Lake Region to aid in identification of the fossils and
to establish an elevational zonation af=t§ﬁ Coleoptera fauna to attach

E climatle significance to the fossil assemblagea, Besults of the study
of the existing coleopteran fauna are presented in Appendix A, The

fossil sites| and modern fauna were collected during two fleld seasons,

each two months in duration, during the austral summers of 1977 and

J ; 1979.




PREVIOQUS WORK

Quaternary Paleoclimatic Studies in Southern South America

Prior u? this investigation, palecbotany and glacial geology were
|
the only methods used to decipher the Quaternary climatic history of

southern Scuth America. According to Markgraf (1980a), the earliest

T who

pollen analvses were by von Post, the "father of pollen analysis,'
described pollen profiles from peat sections collected by the Swedish
glacial geologist, Caldenius, in Argentine Tierra del Fuego. Markgraf
(1980a) presumed that his intent was to show the global applicability of
the newly~-developed science of palynology. It was during that periad
that palynolwéical studies were initiated in Chile by the Finnish
palynologist, Auer, resulting from collections obtained during the
Finnish Expedition tv Tierra del Fuego in 1928-1929. After the early

exploratory expedition, Auer revisited the area he called Fuego-

Patagonia on numerous ocecasions and collected samples for palynological

analysis fre@ over 120 sites, most of them were in Argentina but some

were in the %33311&3&5 area of Chile {Heusser, 1964)., Auer established
a cvmprehensiva late Quaternary chronology for southern Patagonia based
on tephrcchr&ﬁelagy and on sea-level comparisons with Scandinavia and
followed the | European sy#tem of three late-glacial and five post-
élacial pollen zones (Markgraf, 1980a). Subsequent radiocarbon dating

has demonstrated, however, that most of Auer's sections were Holocene in

T
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age (Auer, lé?é; Markgraf, 1980a}.

' The modérn era of paleoclimatic investigations in southern Chile,
based on sequences of pollen assemblages, began with the 1959 American

Geographical |Society's expedition to Laguna de San Rafael in the

. Province of Alsen (46°40°S). The only prior palynological studies In

Chile had been by Auer in the Province of Magallanes, and by Salmi

(1955}, who described the pollen recovered from giant ground sloth,

Mylodon, droppings found in the cave at Ultima Esperanza alse in the
Province of Tagalianes. The obiectives of the American Geographical
Soclety's exé&dition were to gain knowledge of Quaternary emvirommental
changes in &%uthexn Chile and to determine 1f glacial events in both the
Northern aﬁd;Southern Hemfispheres were In phase, Interpretations of
pollen profiles from peat deposits collected at Laguna de San Rafael
were reportaé.by Heusser (1960, 1964, 1%66a) in a seriles of articles.

In these wriéings, Heusser attempted fo correlate the San Rafael post~
glacial paki%n sequences with Auer's farther to the south and with those
from Europe, North America, Colombia, and other areas in the Southern
Hemlaphere. He concluded that the San Rafael sequences were generally
correlative with others in the Korthern and Southern Hemispheres and
suggested that the findings reinforced the view that climatic events
were in-phase between the polar hemispheres during post-glacial time.

HBe later extended the concept of synchrony of hemispheriec climatic
events to include the 1afe—glacial {(Heusser, 1966b) and reiterated this
obinion in many later papers.

Heusser'ls palynological studies (Heusser, 1960, 1964, 1966a, 1966b,

1972a, 1972b, 1976, 1981, 1982, 1983, 1984a, 198B4b; Heusser and Flint,
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1977; Heusser and Streeter, 19803 Heusser and others, 1981l) in southern

Chile, spanning more than two decades, have included data from the

provinces of

and O'Higgin

Magallanes, Alsen, Chilce, Llanquihue, Oscorno, Valdivia,

from about 34" to 49°8 latitudes. As a result of his

work, a continuous pollen stratigraphy of the Lake Reglon has been

established ﬁack to 43,000 yr B.P. Most of Heusser's interpretations

were based on pollen frequency diagrams but Heusser and Streeter (1980)

and Heusser Aad others (1981} used multivariate statistics in data

analysis. Heusser and Streeter (1980) constructed regression equations

relating present-day pollen taxa from surface samples to preclpitation

and temperatures in southern Chile and applied these equations to a

16,000 year~long, radiccarbon~dated, pollen sequence from a lake core

recoverad at
about 43,000

1981} to a po

Results of th

Alerce near Puerto Montt. The record was extended back to
yr B.P. by applying the same methods (Heusser and others,
llen sequence from a lake core at Taiquemé, Isla Chiloe.

eir gquantified approach indicated that about 43,000 years

ago summer temperatures were about 2°C less and annual precipitation was

about 1,500 jm more than at Taiquemd today. Between about 31,200 and

14,200 yr B,
cooler than t
average zbout
wetter condit
yr B.P. (Taiq
témperatures
11,300 and 9,

than Alerce's

summer temperatures were relatively stable (about 4°C
oday) and precipitation, although it fluctuated, was on the
1,500 mm annual less than today. The trend to warmer and
ions began about 16,000 yr B.P. {Alerce record) or 14,000
nemé record) and peaked at about 11,300 yr B.P, with summer
7°C warmer than at Alerce today. A cooling trend, between

500 yr B.P., followed and a temperature minima, 6°C colder

average summer temperature, was reached by about 10,300




~10
yr B/P. Between about 9,410 and 8,600 yr B.P. summer temperatures were
aboué 5°C warmer than today's average. After this warming trend cooling
set in and successive minima were reached between 4,350 and 3,160 yr
B.P., betwean 3,160 and BOO vr B.P. and during recent centuries, This
cooling was interrupted twice by temperatures higher than today at about
3,000 and 350 yr B.P, Precipitation maxima, much higher than today,
were determiped to coincide generally with temperature minima, peaking
at 1§,520 yr| B.P,, between 4,950 and 3,160 yr B.P., after 3,160 and
befope 890 yr B.P., and between about 350 yr B.P. and the present.
Heusser and Streeter (1980) concluded that variations in temperature and
precipitation recorded at Alerce closely paralleled glacial fluctuations
in southern Chile pver the past 10,000 vears, and Heusser and others
{198;; commented that the temperature and precipitation trends reflected
by the Alerce¢ and Taiquemd pollen records are generally representative
of Quaternary climates Iin middle-latitude areas of the Southern
Hemisphere. However, as was discussed earlier, these interpretations
are not, at times, consistent with those formulated from geological
studles and, |as will be shown later, with those Iinferred from amalyses
of beétie asgemblages,

?or completeness, and because of gome of the studies will be
referged to later, the following noteworthy paleobotanical
investigations in southern South America are included in this historiecal
review. Other than Heusser's, the only palynelogical study from Iala

Chiloe was by Godley and Moar {(1973) who analvzed pollen from two post-

glaciéi bog sections. The vegetational history of Vincente Perez
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Rosaies Natipnal Park, Chile was described by Villagran| (1980). Aside
from the early work of Auer, the palynological studies by Markgraf
(1980a, 1980b, 1983, 1984) have contributed insight int¢ the Quaternary
paleoclimatic history of southern Argentina. Markpgraf and Bradbury
(1982) reyiewgd the Holocene climatic history of South America.

Because glaciers east of the Andes in southern South America
terminated on sewlarid plains, no chronclogy based on radiocarbon dating
is obtainable., Despite this, the first systematic investigation of
glacier activity in southern South America was by Caldenius in the 1930s
who mapped four end moraine belts in the lake district aof Argentina
{Mercer, 1976)., He traced the morainal systems from lat. 42°5 to lat.
53°5. Based on varve chronology and preservation of the moraines,
Caldenius concluded that the three inner moralnes were correlatives of
the Daniglaciel, Gotiglacial, and Finiglacial end moraines in
Scandinavia (Mercer, 1976, 1982, 1983). The Scandinavia woraines are
now kﬁowa to have been formed during the last 20,000 years (Mercer,
1984b), and of these, the Finiglacial moraine system is generally
equatéd with the Younger Dryas Stade {Clapperton, 1983). Caldenius
speculated that only the oldest, outermost moraine was pre-~Late Weichsel
in age (Mercer, 1976). Farther north in Argentina, between lat. 39°S
and lat. 43°S {(east of the Chilean Lake Region), Flint apd Fidalgo
{1964, 1969) recognized three drift sheets based on weathering criteria.
In their 1969jpaper, they correlated the three drift sheets with
Céldenius‘ three dnner woraines but concluded that his outermost moraine

was not praéept in the territory they mapped. They concurred with

Caldenius thar the Findiglacial moraine was Late Wisconsigen in age but
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believed that the Gotiglacial and Daniglacial moraines [dated from the

pre-Late Wigconsinan, Mercer (1982) determined that the Daniglacial
moraime (sedond oldest of Caldeniue’ moraines) was covered by 177,000-
year;old lava and concluded that Caldenius underestimated the age of all
of his moraine belts. The chronology of the Argentine moraines and
thelr relation to those on the west side of the Andes has vet to be
established.
West of the Andes, south of 43°S, the glaciers advanced into the
Pacific Oceap during glacial maxima and no chronology of glacial

activity is bbtainable. However, north of 43°5 glaciers terminated on

humid, vegetated lowlands and the timing of glacial events has been

determined bgﬁed on wall—-dated sequences of moraines oniIsla Chiloe and

i

in the Chila%n Lake Region. Mercer (1976) summarized the results of
Briiggen, Wai%ghet. Olivares, Lauer, and Laugenie's early glacial
i .

geological i;veatigations in the Lake Region, but these studies were
completed wiéhout radiocarbon chronologic contrel.

Laugenie and Mercer (1973) and Mercer (1972a, 1976) mapped and
named. four end moraine systems in the southern part of the Lake Region
{Figure 1); from coldest to youngest the morainal belts are: Rioc Frio,
) Colegual, Casgma, and Llanquihue, The oldest three are heyoend the range
of radiocarbon dating and are believed to have heen depasited by elther
two or three‘glacisl advances. Outwash gravels underlying and cropping
out west of the Rio Frio end meraine are thought (Mercey, 1976) to

represent one or more pre-Ric Frio glacial advances. Mercer (1976)

speculated that the Rio Frio Drift may be of the same age, between 1.2

and 1,0 MY old, 28 drifts in Argentine Patagonia and that the underlying
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gravels may be similar in age to the mid-Pliocene to mideleistocene‘

Patagonian Gravel., He did not speculate on the age of the Colegual or

Sasmg Drifts other than that they are younger than the Rio Frio, but he

believed both may have been deposited during the same glacial stage. .

The Klaﬁquihue moraine-complex, which dates from the last glaciation -

(Meréer, 1976, will be treated more fully below,

Porter (1981) identified four glacial drift sheets in the Lago

% Llaaqgihue areas naming them, in order of decreasing age, Caracol, Rioz

Llico; Santa|Maria, and Llangquihue (Figure 1). The three oldest are ?

beyond the rénge of radiocarbon dating techniques. The Caracel Briftg
erops out locally in the Central Valley along the eastern slope of thé
coastél mountainsg and is usually overlain by Rio Llico till or outwasﬁ.
The dfift wag deposited during a major glacial advance that extended,%ﬁn
certaim areas, to the Coast Range. No end moraines have been identiffgd
associated with the Caracol Drift, The most widespread drift recogni%ad
by Porter, called Rio Llice, was laid down during an extensive advanc&
that probably| filled the Lago Llanquihue basin and perhaps reached thé
Pacif#c Ocean| near Maullin., Again, no end moraines were found in
conjunction with this drift, Most of the surficial sediments in the
lowland west of Lago Llanquihue and Seno de Reloncavi are Santa Maria i
prift.  The glaciation resulting in deposition of this drift was not as
extensive as thoss indica;ed by the Cazacckvo: Rig Llico Drifts because
its western limit is 7 to 14 km east eof the maximum extent of the Rio ‘
Liico advance | According te Porter (1981), deposition resulted from a
coaleseing pledmont ice lobe complex from Tago Llanguihue, Senc de

Relomcavi and Golfo de Ancud source areas. The three older meraine

i
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tbed by Mercer (1976) are within the Santa Maria Drift,

indicating multiple ice advances into the valley. Radiocarbon dating

indicates a

Heusser
interpreted
island priox
mainland has

Sediment
Lianguihue D
(1974) of thy
Glaciation.
eqniﬁalent tad
(1976} didentd

{Figure 1).

with the greﬂ
AED prebabif
belt, borderi
extensive adv
interpreted t
Region during
discussed bel

Porter (
the

criteria,

complexes of

and TII and in

or readvances

=3

minimum age of 57,800 vears for the drift,

and Flint (1977) mapped two drift sheets on Isla Chilee and

them to indicate at least two glacial advances onto the

to 57,000 vr B.P, Their relationship to drifts on the
not been studiled.

s deposited during the last glaciation were named the

v

rift by Mercer {1976}, following the designation by Heusser

last major glacfation imn the Lake Region asz the Llamqni%ue
Heusser suggested that the glaclarion was roughly :
the Wisconsinan Glaciation of North America. Mercer

fied two end moraine complexes formed by the glaciation
The westernmost (outer) ridge, most massive and 3$sociat%d
test volume of outwash, was formed more than 40,000 Yearé

i

more than 56,000 yvears ago. The eastern (inner) morain%
ng the western wargin of the lakes, was bullt by a less I
fnce that culminated about 19,500 years ago. Mercer

he end moraines to reflect two major advances into the

the last glaciation. A third and perhaps fourth advance;

4

sw, was proposed by Mercer (1976, 1984b) and Porter (1981).

i.
o

1981) $epara;ed, on morphostratigraphic and sedimentologis
drifts deposited during Llanquihue time into three
stadial rank. He informally called them Llanquihue I, II;
ferred that they document three or possibly four advances

"

Llanquihue T drift generally

into the Region {(Figure 1).
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forms the outermost morainal arc about 5 km west of Lago Llanquihue dnd

is locally characterized by kettle and kame topography with small lakes

and bogs. It

moraine. Although the drift has not been accurately dated, Porter
stated that [t may be substantially older than 57,800 vyears., He
tentatively correlated moraines in the Senc de Reloncavi area with
Llanquihue I\moraines west of Lago Llanquihue. Mercer's eastermmost

moraine belt corresponds to Porter's Llanquihue II drift, Tt is most

wall developgd south of Puerto Octay on the western margin of Lago

Liangquihue and has been tentatively correlated by Porter with moraines
southwest of Puerto Montt., The advance depositing the Llanquihue II
drift and asgociated moraines 1is well dated, culwinating between 20,0%0
and 19,000 vears age. This is the most reliable date for the iast' |

glacial maxigﬁm in the Southern Eemisphere {(Mercer, 1984a). During this

includes Mercer's (1976} westernmost Llanguihue Glaciation

maximem the glacier complex was estimated to have been about 165 km wide

in the latitude of Lago Llanquihue and as much as 800 to 1000 m thick ln

the Lago Llang

uibhue basin (Porter, 198l). PForter (1981) calculated thgt

the snowline wust have been about 1,000 m below its present elevation of

1,900 to 2,250 m.

By about

end moraines (Mercer, 1984b) and by 16,270 yr B.P. had retreated from

the Lago Llang
shrunken glaci
Porter (1981)

B.P., culminat

18,900 yr B.P. the ice had receded from the lake marginai

uihue basin (Mercer, 1976). The inferred interval of
ers was called the Varas Interstade {(Mercer, 1972a, 1976%.

proposed that a readvance occurred shortly after 14,200 sr

ing about 13,000 years ago, represented by a third
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morainal syétem, Llanguihue III, discovered in the Senc de Relondavi!

area. However, the time of t111 deposition has not heen accurately

H
dated and n& end moraines resulting from that advance have been feun&
i ‘

along the w%&tern margin of Lago Llanquihue, Mercer (1976) and Portﬁr

(1981) statjd that sequences of lacustrine sediments interbedded ?itﬁ
peats, expas?é along the southwestern margin of Lago Llanquihue in the
Puerto Varas!emhayment, provide evidence for the advance, Repeated lLk&

level changeL were inferred by them to have resulted from glacilal 1

fluctuations} Peats were deposited presumably durlng times of ioneze?

i

lake level w?an the glacier receded far enough to the east of the lak?
to permit the lake to drain via its eastern outlet, the Rio Petrohue,
That outlet Aas since been abandoned and is now partially filled Aith
voleanic muéélcw deposgits from the wvolcanoes Usorno and Calbueo. %he

peats are ovegrlain by lacustrine sediments. This submergence, 1
terminating peat formation, was interpreted to have been caused by;

glacial advance blocking drainage through the eastern outlet theraﬁy

raising lake level., Mercer (1972a) believed the advance qulminate$

about 14,800 years ago but later {Mercer, 1976) revised the date t%

|
{ about 13,000 yr B.P. Porter (1981), however, postulated that two |

] advances are yecorded by the drowned peats: the first began about
15,700 yr B.P, and culminated about 15,000 to 14,000 vears ago and la
second began dbout 14,000 yr B.P. and culminated approximately 13,100

yeare ago. Porter dizcussed the asaunmptions and problems associated

with his postulated sequence of glacial events but stated that Heusper

and Streeter's (1980) palynological record from the area appeared to be

consistent with his geological interpretations. Later, Mercer (1984b)
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reflected that both glacial variations and voleanic activity may have!
affected the lake 1evelkaﬁd concluded, from more direct evidence found
on Islz Chilbe, that the final full-glacial readvance occurred betwesh
about 15,000 and 14,500 yr B.P,

Glacial| geological evidence from both southern Chile and southern

| Argentina indicates rapid deglaciation following the final late~glacial
| readvance in!southern South America {(Mercer, 1984a, 1984b). By 12,300
yr B.P, the glaciers were confined to the wountains and by 11,000 yr
B.F, had retreated to their present positions and remained there until
Neoglacial times (Mercer, 1976). No geomorphic evidence suggesting
Neoglacial advances has been documented from the Lake Region but farther
south im both Argentina and Chile glaciers readvanced during three
perlods and reached their Neoglacial maxima between about 4,600 and

4,200 yr B.P., between about 2,700 and 2,000 yr B.P,, and during recent

centuries (M#raer, 1982).
Beetles as Indicators of Quaternary Envirommente and Climates

For a group of organisms to be useful for reconstruction of
Quaternary environments and climates it must be ecologically diverse and

] well represented in the fossil record. The fessils must be easily

recoverable and reasonably easvy to identdify, In addition, to draw
paleoclimatic inferences, the group must possess a demonstrated response
to climate change. Moreover, before any palecenvironmental

interpretatioms can be postulated, it must be reasonably certain that

the physiclogical requirements of species within the group have remainead

stable over the time of interest. Coope, in a number of reviews {(Coopd,
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19647, tles

1970, 1975, 1977, 1978, 1979), discussed the attributes of hee

making them|excellent indicators of Quaternary enviromments and climates

and reviewed the tacit assumptions recognized relative to their use.!

Those attributes and assumptions are summarized below.

To occur in abundance in the fossil record a group must be diveqse

in specles ¢

omposition, species must generally generate high numbers of

individuals, and the organisms must be preservable., Arnett (1871)

estimated thht there are well over 350,000 described beetle species a

at least one
The Coleoptes

oceur in all

out of every four named species of animals is a beetle,
ra are more diverse in species than any other group. They

but the wost northern and southern latitudes and have

colonized al%ast all terrestrial and freshwater habitats and have even

invaded the Aarine intertidal zone. Many specles are remarkably

restricted and precisely adapted to a particular envirommental niche ﬂﬂd

have representatives in all trophic levels of the community food web.

In addition tp high species diversities, population density is often

high in many Coleoptera species. Examples from study of the Chilean

Lake Region fauna {Appendix A} include the discovery of over forty

=

individuals of

one species of Bembidion under a single boulder in an

alpine tundra'habitat and the recevery of thirty individuals of the dumg

|

beetle, Dichotomius torulosus, in one baited pitfall trap in the

Valdivian Raii Forest. Such findings are partieularly common In aquatic
i ‘ \
environmenta Qhere beetles are most well preserved, ‘

Preservation of Quaternary beetles is usually exguisite if the

sediments havel not been oxidized. The fossils are not replaced by

secondary mine

rals but are preserved through the robustness of their
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original skeleton chitin. Chitin is known to be resistant to both
chemical and biolegical disintegration for wmillions of years. Howﬁv%%,
complete beetle foésils are rarely recovered and, most frequently,
beetle fossils are found as disarticulaped skeletal elements consistipg
of heads, el¥Ytra and pronota. The less~chitinized anatomical parts, for
example antemnae, are often lost to decomposition, Nevertheless, thei
larger mote durable fragments are generally the parts most useful for;
identification. Deterioration is usually minimal; and scales (e.g.,
! Plate 2, Figure 4}, setae (e.g., Plate 6, Figures 2 and 4}, pubescencé,
structural cgdlor, and intricate patterns of microsculpture {e.g., ?la#e

5, Figure 4; [Plate 6, Figure 2) are often preserved,

Pregsent~day coleopteran species are differentiated by the
morphology of| the exoskeleton. The paleoccleopterist's concept of
specles is exéctly the same as that of the neontologist and the same
criteria are psed to Identify fossils as are used by entomologliste to

identify living forms. Fven though preservatian 1s sufficient to permit

precise ldentification of the fossils, caution must be employed.
Taphonomically induced aberrations. such as shape distortion,
development of peculiar surficlal rugosity, punctures or dimples and
alteration or complete loss of color frequently occur in fosgils.
Pastmortem changes can occur and must not influence taxonomic decisions.
In addition, it must be kept in mind, when making palecenvironmental
interpretations based on assemblages of fossil beetles, that only a
p&rtion of the once-living community is represented. The success of

paleocecologicdl reconstructions depends on the resesrcher’s ability to|

strip away taphonomic overprints {Lawrence, 1971).




w1
Becausg of preservability, species diversity, and individual

frequencies, beetles are often found in extraordinary abundances in

Guaternary Ion-marine sequences. Beetle remains are often the most
common component of the terrestrial fossil faunal assemblage. Although

they have bﬁen found in organic silts and loess, beetle fossils ocecur

most conspicuously in peats. However, extraction of fossils from pea?
is often difificulc and so organic silts are generally the media of
preservation most preferred because of relative ease In recovery. A
simple and effflcient extraction technigue is described later. As a
general rule, any sediments containing plant macrofeossils will also
yield beetle|remains. Coope (1970, 1975) noted that fossils
incorporated into sediments deposited in shallow pools, bogs or marshés
on flood plaina of rivers or into sediments deposited in lake marginal
environments Qre the wost Informative in palecenviroomental studies. |
Fossil assemblages deposited in these'settings are not only
representative of the aquatic environment but also the immediate
terrestrial 4nvironment. A wide spectrum of ecologically varied beetle
types will be incorporated into the fossil agsemblages, reflecting the
mosaic of milcrohahitats present in the vicinity of the actual site of;
deposition. Deep-water lacustrine sediments produce relatively
depauperate beetle assemblages because most aquatic species live in

shallow water and terrestrial forms are less likely to be carried into

the deeper water.

Paleoclimatic interpretations are predicated on the assumptions
3
that the distributions of species are controlled by climatic factors,

principally temperature and poisture, and that the present-day
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geographic or elevational ranges of the species reflect the full
climatic range that the specles can occupy. Both assumptions are
overgeneralizations. The first of these assumptions is often construed
as being valid because beetles are poikilotherms and because many
species are known to be restricted to fairly narrow climatic zones
(Coope, 1977). However, the relationship of the distribution of bee{les

to climatic variables is complex and mostly not understood. Beetles |

live in micercenvironments, but it is believed that the distribution of
these microenvironments is largely governed by macroclimate {Coope 31d
others, 1971). Other non-climatic factors, such as food availability,
competition and disease, are known to reagulate the distribution of sope
taxa, but Coope {1977} argued that these factors are density-dependent

and are most important when climatic conditions are oprimal for

existence of the taxa, He also reflected that these controlling fact%rs
diminish at the periphery of the range and, in these cases, the |
digtributional limit of the taxa are controlled by climate. Some

species ocgupy habitats (e.g., leaf-litter, soil burrows) partially
insulated from short-term climatic changes and the distributions of
others, particularly those that are host specific on plants, animal dqu

or carrion, may be controlled by factors other than climate. It

appears, however, that even in these situations climate is probably th#
most important secondary factor controlling distribution. Even though
Coope (1967, 1977) described a number of ways in which climate can

control species distributions, the roles that temperature and

precipitation play in regulated distribution is unknown except for a

few, well-studied species. Because this information Is mostly lacking
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the range of climatic variables within which a species exists is
inferred from its geographic or elevational range. Whether a species
geographic or elevational range reflects the full climatic range in
which the =species can exist 1s seldom known. For these reasons, the
geographic or elevational ranges of all species within a fossil

aésemblage are considered, not just a few selected indicator species,
before iﬁterpretationé of past climatic conditions are attempted.

Aleo, before past envirvommental and climatiec conditioms can be

inferred from the fossils, it must be assumed that the species'
physiological requlirements were the same in the past as they are today,.
It has been demonstrated that beetles have maintained their specific

integrity for at least the last half of the Quaternary Period (Cocpe,

1978). It 1is clear nc large-scale morphological evolution has occurre#
in the group éﬁring that time intervalf Of course, fossil evidence do%s
not preclude the possibility of speciation within the Coleoptera, but
the fact remains that there iz no indication of evolutionary change in
any of the late Quaternary European (Coope, 1975, 1978) or North
American (Ashworth, 1979) species studied to date. Some idea as to how
far back in geologic time vonstancy of beetle species extends is gained
through Matthew's (1970, 1974a, 1974h, 1976a, 1976b, 1977) studies in
Alaska and the Canadian Arctic Archipelago. He analvzed fossil
assemblages from éﬂO,QOOw_to 800,000~vear-old sediments recovered at
Cape Deceit, Alaska, probably the oldest Quaternarv fossil beetle~-
beéring deposits in North America. Many specles from the site were

found to be extant and still living in Alaska today. Assemblages from

the Beaufort Formation, exposed on Melghen Ialand, aretic Canada, and
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estimated to be Miocene or Pliocene in age, contained heetle fossils

falling within the range of variability of modern—day species. Other

species from the same assemblages were found to be similar to, but n&t
conspecific with, living forms. Furthermore, sediments overlain by qava
radiometrically dated at 5.7 MY, exposed at Lava Camp in westexnélas%a,
yielded assemblages that contained a mix of both extant, and apparently
extinet, specles. In view of these findings, Coope (1977) concluded L
that speciation in the Coleoptera, at least in temperate and 1:1401!:!:11:&"«:r:;x.»i
latitudes, occurred mostly during the late Tertiary except, perhaps, in
1golated geographic areas such as caves or Islands.
The demonstration that late Quaternary beetles are morphelogicaliy
identical to extant species does not necessarily mean that their
ecological and envirvonmental regquirements have also been unchanging.
Because there is no evidence of morphological evolution, it cannot be ;
inferred that there has been no nonmorphologically-expressed
physiological evolution. Although there is no way to test empiricailyé

the assumption that physlelogical stability in beetles has paralleled

morphological constancy, there is substantial and growing circumstantigl
evidence from the fossil record that the assumption is valid. In ‘
species composition, late Quaternary fossil assemblages strongly
resemble living beetle communities, There is no decrease or distortion
af these species associations with timei this implies ecological and

enyironmental consistency, as would be expected 1f no physiclogical

changes had occurred., Ecological homogeneity of fossil assemblages is

egvident as far back in geologic time as the first signs of morphological

stability; this apparently indicates that physiological evolution hag
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proceeded at the same slow pace as morphological evolution. This

conclusion draws corroberation from coellateral information such as

assoclation of beetle fossils with other ecologically and
environmentally compatible members of the biota. One example is the
finding of host-gpecific phytophagous beetle fossils in the same
stratigraphic horizon as remains of the appropriate plants. Geologichl
evidence has also reinforced the assumption. For example, sediments
belfeved to ba deposited {n cold climatic conditions Dbecause they

i contain fossils of tundra beetles may show physical evidence, such as
crycturbation features, of a severe climate,

Perhaps the most detrimental belief hindering the recognition thét

fossil beetles could be used to recoenstruct Quaternary environments a%d
climates was the concept that the fossils were remains of extinct ?
animals and that the modern—day‘beetle fauna evolved rapidly during th
latter part of the Quaternary. The belief was based on the premise tth
rapid extinetion and evolutionary rates should be expected during timef
of intense and numercus climatic changes wherefn populations become
fragmented and isolated. After all, it was believed that more
conspicuocus members of the biota, for example mammals (Kurten, 1968},
showed rapid evolution and extinction rates during the late Cenozoic,

largely in response to fluctuating climates. Coope (1977) argued,

however, that this climatic instability caused morphological and

physinlogical constancy in the Colesoptera. He reasoned that the

expansion and contraction of the range and continual movement of beetld

populations as a result of climatic changes during the Quaternary would

produce short periods of iselation but these episodes of population
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fragmentatlon would be followed by times of convergence. He envisang
that this type of mixiﬁg would maintain a homogenous gene pool ﬁhere%y
insuring species constancy. Whatever the mechanism was to maintain
species integrity in the Coleoptera, the observation that fossils aré
the same species that live today permits a reasonably stralght-forwand
approach in assessing past envirommental and climatic conditions,
Coope {(1979) emphasized that a beetle species has three options
when envirommental change makes an area uninhabitable for its existenﬁe.
The species can either become adapted to the newly established
environmental conditions, become locally extinct, or migrate to an axLa
where conditions are still acceptable, Because most beetles are highly
active in their adult stages and can readily run or fly congiderable

distances, they generally respond to envirommental change by migzatic#.

It has been established through fossil studies that even relatively

sedentary, apterous, ground beetle ang weevil species have shifted thjir
geographic ranges dramatically in response to Quaternary eﬁvironmentai
changes (Coope, 1970). During the period of the last glaciation aiou%.
certain species altered the limits of their geographic range in Eurapé
by several thousand kilometres (Ullrich and Coope, 1974; Coope, 1975).
Similar large-~scale geographic shifts of beetle faunas in response to
environmental change have also been documented in North America (HorgaL
and others, 1983)., There 1is growing evidence that migration of heetle%
communities occurs en masse in response to fluctuating envirommental
conditions (Coope, 1978).

Beetles are excellent indicatars of climatic change because they

usually respond rapidly to elimatic events, The extreme rapidity with
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which the specific composition of a beetle fauna can change from one :
ecological style to another is illustrated by the replacement within |

three or four hundred years, of arctic faunas by temperate faunas in |

Great Britain about 10,000 years ago {(Ashworth, 1972). Coope (1977, |
1981) reviewed other studies showing the rapidity with which beetles

respond to. envirommental flux. A recurring theme In Coope's writings|

! . has been t¢ promote beetles by arguing that they show a greater alacrity
in response to¢ changing envirommental conditions than other members of
the bilota, especially trees {Coope, 1970, 1977; Coope and Brophy, 1972).
For example, Coope and Brophy (1372) noted that some fossil sites in {he
British Isles contained assemblages of temperate beetles, but pollen
] : spectra from the same sites implied tundra conditions because the |
spectra were devoid of tree pollen. They interpreted these %
paieontologicgl discrepancies to indicate that the more mobile
¢components of the blota, beetles, responded more rapidly to

environmental changes than the more sedentary, arboreal members of the%
biotlc community. Thedr conclusion was probably cerrect, but inferring
r : that beetles always respord morve rapidly than trees to enviroomental
change 18 an unjustified generalization. The differepce 1in arrival tiﬁe
i of organisms depends on the species’ ecology, dispersal ability, and |
distance the specles have to travel. Apterous bheetles will generally E
arrive later than beetles that ¢an fly. 1t is conceivable that certaié
trees can arrive 1n a newly-opened habitat hefore such beetles that may

be habitat specialists and are incapable of dispersing rapidly. Tn this

respect, an ideal palecenvironmental investigation should he
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interdisciplinary and employ beetlea, pollen and macroplants, such ad
the one carried out by Ashworth and others {(1981) at Norwood, Mimmesata.
In consideration of the assumptions discussed above, reconstruction

of past climates and enviromments hased on beetles is a complicated

process but has been demonstrated to work in EBuorpe (Coope, 1977) and| in
North America {Morgan and otherg,‘lQSS}.' Studies 4in the palearctic a]d
nearctic reglons have been successful primarily because professional @nd
amateurs have been desceribing, documenting ranges and recording habitit
preferences of existing beetles from those reglons for many decades,
Although the tazonomy of the Chilean beetle fauna is fairly well known
compared to other areas of South America, the ecology and biogeography
of most species has not previocusly been well documented and data have .
been insufficient for palecenvirommental and paleoclimatic
reconatructiogs. Consequently, the study of the modern-day fauna,

t sumparized in Appendix A, 1s an integral part of this investigation

because the knowledge gained provided base-line data on which

paleontological comparisons and interpretations were hased.




STUDY AREA

ngsiography, Tectonic History, and Pre-Quafernary Geology
g

Chile is divided inte five latitudinal zones.| The Region de les!

Lagos (Ldke Region), extending from about 39° to 42°S latitude, is in.,

part included in the Sur Chice or Little South Zong (Koster, 1975). The
portion of the Lake Region south of 41°8 is in the |area called Weste !
Patagonia or Patagonia Occidental. The Reglon is divisible into three

structural and physiographic longitudinal provinceg (Figure 2): the

Cordillera de la Costa (Coast Range), Valle Longitﬁdinal (Central
Valley), and Cordillera de los Andes (Andes).
Subduction of the Nazca Plate beneath the South American Plate

began in the middle Cretacecus In conjunction with fhe beginning of

seafloor spreading in the South Atlantic {Lowrie anz Hey, 1981}, Thia
resulted in an episcde of intense folding, batholith emplacements and

! uplift of [the Andeg--the initfation of the Andean Otogeny. Most of thé

Lake Regiof has been emergent since rhat mid-Cretacgous orogenic
episode, bkt the continental margin of the Region r]mains a seismically
active, tectonic boundary between the converging plgtes. Consumption of
the Nazca Plate at the Peru—Chile trench results in tvclcandism on land,
seismic activity along the Benioff zone and uplifted continental crust.| |

Bending of the Nazca Plate at the trench tauses extepslonal stresses !

producing tensional rather than compressional tectonfics in the Lake

~2G-
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Region (Katz, 1870, 1971; Gansser, 1973; Schwellen and others, 1981).)
As a restlt, the late Cenozoic deformation pattern has been one of

block-faulting and localized drag folds. Although the morphotectonic

: physiographic provinces, Coast Range, Central Vallpy, and Andes,

E generally trend north-south, that is, parallel to the coast, the strikes
of faults, fractures and lineaments are transverse|to the provinces a;d
are charagcteristically oriented in west-northwest knd northeast
directions. These structural aligmments, derived from pre~Andean
tectonisy, have been reactivated in the late Cemozgic producing the
present block—~tectonic framework. Portions of the|Coast Range, Central
Valley, and Andes bounded and transected by lineamgnts, have experienced

: repeated wvertical tectonic displacements throughouff the late Cenozoilc
with varipus blocks being displaced Independently 4nd, at times, iIn
opposite &ireétion&.

The unglaciated, tectonlcally active Coast Range borders the

Pacific Ogean and 15 about 30 km wide in the Lake Hegion, Elevations
are low compared to the Andes and do not exceed 950 m except in the Rip
Bueno area where summits reach heights of about 1500 m. TIsla Chilce ii
the southern extension of the Coast Range. Low-grade metasedimentary
rocks, consisting principally of schist, quartzite,| phyllite and gneise
I and localized plutonics constitute (Plafker and Savhmge, 1970; Gonzalezs
Benorino and Aguirre, 1%70; Gansser, 1973; Koster, [1975) the main body;
E of the Coast Range (Figures 2 and 3}, Radiometric Hating indicates a
lare Paleazodic, perhaps Carboniferous, age for the ketasedimentary

basement complex (Munizaga and others, 1973). Volcanic episodes

eccurred on the present site of the Coast Range during the Permian
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(Gonzalez~Bonorino and Aguirre, 1970) and in the
Cretaceous, late Cretaceous and early Cenozoic {(Sd
1970). The rocks exposed in the truncated Coast R
folded and faulted and were, according to Zeil (19

least two major orogenies and several deformationg

Strong pre-Mesozoic compressive tectonism is indidated by the early

deformation but block faulting has dominated since the Mesozoic, ﬁas

accentuated in the Plioccene, and continues today.
The Central Valley is an actively subsiding b

at its maximum in the Lake Region (Figure 2}.

lakes punctuates the valley, and this gives the name to the Region.

lakes occupy glaclally scoured depressions and are
western margins by arcuate moraines. Lago Llangui
encompasses an area of about B850 kmz, has a surfac
and attains depths of at least 350 m. The valley
about 41°30'S latitude, Bays and sounds, for exam
Ancud, were formerly glacial lakes such as those t
been drowned by the sea through recent subsidence.
grabanuliké Central Valley is filled with poorly c

terrestrial, marine and volcanic sedimentary rocks

Exploratory wells drilled by ENAP, the Chilean oil

in excess of 4,000 m of Focene and younger strata q

of Quaternary age (Calli-Oliver, 1969; Scholl and e¢thers, 1970}, These

strata are underlain by crystalline basement rocks

hound and transect the basin indicating that, as w

A spries of pledmont :

urassic, early

holl and others,
ange are steeply
64), involved in at

of less intensity.|

Gsin about 90 km wi

dammed on their
hue, the largest,
b elevation of 51 my
is submerged south ¢
ble Reloncavi and
p the north but have
The low-lying,
bnsolidated

(Figures 2 and 3).:

company, penetrated

b which 1,340 m are

Major normal faul

d
]
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province

Gansser,

Plafker (]1972) noted subtle structural trends iIn

monoclinal flextures and broad

tectanicidispiaaement dates mainly from the Pliocdne but continues today

as refiegted by the great thickness of Quaternary [sediments,
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Orogeny mppears. therefore, to| have taken place dyring the Cretaceous

with empllacement of the Andean batholith belt. V{qrgara and Gonzalez-

Ferran (??72} recognized two phases of neovoleanidm in the Lake Regioh.

Fissurai;ﬁype volcanisnm dominated during the Mioccdne to late Pliocene,
forming ?éicanic plateans in the Andes. Central-type volecanism beganiim
the Plio%ﬁleistocene and continues today. They suggested that the |
transiti%ﬁ period between the two volcanic styles was marked by block:
! tectonis%iresulting in additional uplift of the Andes.

i
i
H

Quaternary Geology

Theimajor modifying geologlc processes active in the Lake Eegimné
during tﬂé late Quaternary are|(l) tectonism, (2) polcanism, ‘
(3 glaa%akion, and (4) erosion.
Tee%onic—activity continued from the Tertiary| into|the Quaternar}

and contiupes today as evidenced by frequent and viiolent earthquakes.
The ogpo%ing motions of the cornverging Nazca and Sputh American Plateé
produce éajor shallow—focus earthquakes., 4s a rashlt, {hile is one of
; i

the mostéhighlyvseismic countries in the circumpacfific region. The Lake

Region has historically been the focal point of muph of the major

L earthqua%e-activity in the country. Recent tectonfe actiivity has thu%

l had a majﬂ% affect on wodifying the area's surficihl geaglogy. Valdivia,
located in:the northern part of the Lake Region hag heen severely
damaged byiearthquakes at least) five times (Lommitg, 1970). One of
tﬁese digasters, the earthquake of February 20, 1835, resulted in uplift

of coastal areas near Concepticn as much as 2.7 m [Darwin, 1839), The

H
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earthqua?g of 1960 was ome of the major seismic events pver recorded on
earth (HL!approx. 8.5}. The cities of Valdivia and Ancid subsided ma%e
than 2 méduring the event (Plafker and Savage, 1970). [Interestingly,
accordin%to Plafker and Savage (1970}, the earthquake scrurred in
essentiaéiy the same place as the 1835 tremor. Lomnitz {1970) estimated
that seiémic avents of magnitude B8+ occur about once every ten years in
the Lakeiﬂegiom. Recent tectonic activiry 1s alse indicated by the
great thickness of Quaternary f11ll in the Central Vallev.

Sin%@ the end of the Pliocene continuous central-type volcanism has
been res%rﬁcteé to the Andes (Figures 1, 2, and 3). Thirry-three |
volcanoe% #ave been active in historic times in Chile (Casertano, lBﬁ?;
Segerstr%m; 1964}, many of which are situated in the Lake Region. Thé
most eleéant appearing volcane in the Lake Region, Osorno, was abservéd
in eruytioﬁ b; Darwin (1839) on January 19, 1835, and was active as lﬁte
as 1850, ?olcan Calbuco, 30 km south of Volcan Osorno, was active in’

1929 and§1960 (associated with the earthquake of that yéar). This

latter event produced destructive massive mudflows follcwed by axtrusﬁon

af andesitic lava {(Casertano, 1963), The possibility of fault centrnf
of volca:i¢ activity was suggested by Plafker and Savage (1970) because
of the lineéar arrangement of volcanic centers and hot springs. The
extrusiva?~conaist mosatly of basaltic andesite, and andesite lava floés,
and pyrﬁc&astics. Voleanic clasts and beds of tephra are often foundé
incorpcra&ed into, interbedded with, and overlying glacipl drifts in éhe

Lake Regipn, Repeatedly occurring volcanic mudflows have at

times, diprupted major drainage patterns (Mercer, 1976). Paleontological

records have occasionally been interrupted by ash falls. Volcanic




(Marcer,

3 Y

eruptionaﬁhave undoubtedly affected the past and present plant

aommunitiés of the Lake Region {Veblen and others, 1977).

Bnrﬁmg the Quaternmary the Lake Region was, on numerous occasliong,

L
invaded h? pledmont glacial lobes discharging from extensive ice fields
| :

capping the Andes (Figure 1). Glacial tongues flowing westward formed

multipie

morainic ramparts, The glacial lobes are named for the

end moraines west of the basins now occupied by lakes dammed by

lake basine tbat

they scoured (e.g., Llanquihue Lobe)}. Glacial sediments are widQSprekﬁ

and comprise most of the surficial deposits in the Central Valley.

Locally, |

In the eastern part, recent lahars cover glacial sediments, as

in the Volcan Calbuce area. At maximum extent, glaciers reached as fér

west as the eastern slopes of the Coast Range and perhaps as far as the

H

Pacifie QCéan near Maullin, HNumercous drift sheetg and t

erminal moraiges
H

have been recognized by comparison of compositlon, extent, morphelogical

charactaéi$tics, depth of overlylng pyroclastics, disseq
landform%,'thiaknesg of weathering rinds om volcanlc cld
MnOQ &ep@sition ot clasts and matrix, and by stratigraph

1976; Heusser and Flint, 1977; Porter, 1981}.

are the p%ﬁncipal components of the drift sheets, but dn

interhedé%d with non-glacial sediments (e.g., sand, loes

tion of

sts, extent of
ic relationships
Qutwash and tﬁil
ift is commonly

3, organics,

tephra, a?d buried goilsg). Although numerous drift sheets have been %

identifie§|(reviewed in an earlier section}, their numbe
| .
lateral relationships have not been fully defined throug

"

Region. The drifts, particularly from the late glacial
often intercalated with peats and highly organic sedimen

climate ig conducive to preservation of the organic mate

r, extent and

¥

hout the Lake .
interval, are

ts. The preseﬁt

t

rial in the
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sediments. These organic-rich sediments have provided

H

a basis for a:

reasonably good radiocarbon chronology for the drift sheets and

palynological and insect material for paleoenvironmental studies.

Erosion has had a marked influence on landscape deyelopment, on

continental and ocean murgin sedimentation, and on the preservation of

the Quaternary geologic record in the Lake Region. A combination of

factors, tectonic activity, topographic relief, glaciations, and high

annual rainfall, have caused Incredible denundation rates.

Landscape

modification, for example, is 1llustrated by the entrenching of deep

gorges by rivers draining the larger lakes,

These major drainage ways,

the Rios Bueno, Pilmalquen, Rahue, and Maullin, carry discharge from ;

Lagos Rance, Puyehue, Rupance, and Llanguihue, respectively., to the

Pacific Ocean,

These rivers, presumably following the ancient

structural grain of the Region, flow slightly north of west across

glacial sediments and transect the present structural provinces. Rapid

erosion 1s also indicated by the great thickness, approkimately 1340 ﬁ,

of Quaternary sediments in the Central Valley.

In addition, the

substantial volume of sediment, mostly turbidites, literally filling the

Peru—-Chile trench In the latitude of the Lake Region, is believed

(Schweller and others, 1981) to have been deposited within the last 1 MY

(Figure 3).

wide, Scholl and others (1970) estimated that 54 x 183

This wedge—-shape deposit 1s up to 2 km thick and 75 km

3

km~ of sediment

were deposited inm the trench adjacent to the Region during the

Quaternary, mostly during periods of glacial sea~level lowering, and

that denudation rates have averaged 50 cmf163 yr.

Although erosive

processes have exposed Quaternary depesits for examination, the amount
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of informatiom removed by the process is not knowmn,

but is probabiy
snbstaﬁﬁial.

| 1

Bﬁc%use Chile spans almest 40° of latitude, it exhibits a greét

|
|
|

Present Climate

contrast]in climate, The Atacama Desert, north of tTe 23rd parallel
receiviné less than 5 cm of precipitation annually, %s one of the driest
reglons Jn earth., In contrast, south of 43°§ latitu%e, precxpitation is
as high, Ja 750 em per year. Most of Chile, howevar,[eniaya a mild .

Mediterra%ean-type climate with cool, moist winters apd dry, warm

1

summers. | Chile's climate {3 Influenced principally hb Antaretica and

its ice masses. It 1s cooled by outbreaks of polar air and the

transport | of polar water toward the equator by the Pe%u Current.

|

The ﬁaka Region lies in the latitude of prevaiii#g west winds known

c&lloquia%ly as the "roaring forties." Because of its position proximal

to the leFr front, the boundary hetween subantarctic and subtropical

air massesP it receives the brunt of cyclonic storms. 1The storms

originate bver the mid-Pacific Ocean where air masses ff the subpolar

vesterixe&laﬁd the subtropical Pacific anticyclone meaF These cyclpnlc

sStorms, as&ociated with frontal systems of the westerl*es, repeatedly

encounter Aha Region’s coast and are manifest by stroﬂg winds and heavy

precipitatéan (Miller, 1976), Storms cccur most frequ%ntiy in the %

winter begause during the summer months the polar fronﬂ shifts i

southward, iConsaquentiy, precipitation, which is almosk entirely in the

i

form of rai?. oceurs mostly in the fall and winter. TwL—thirds of

|
|
|

|
|
i




Puerto Mont

during that

i Om
t's 196 cm average annual rainfall (Table 1) is received

time exemplifying the phenomenon of winter rainfall maxima,

Throughont the Lake Repion, precipitation amounts received during autumn
and winter are characteristically twice those received In the spring hné
summer moﬁths. Average annual precipitation in the Region 1s about 1?0

to 200 cm per vear, hut the orographic influence of the Coast Range

resuits in high, 400 cm, precipitation on the windward slopes of the

range. The lee side of the ‘coastal mountains and the Central Valley hre

;

in the rafn|shadow and receive relatively less rainfall. However, as%

the storms pass eastward, precipitation increases again resulting from
the orographic influence of the Andes; average annual rainfall is

commonly ower 500 cm in the high Cordillera {Heusser, 1981}, The

climatologlc¢al data presented in Table 1 illustrate the orographic ;

influence of the mountain ranges on preciplitation patterns in the Lake
i
Rﬂgion *

H

Alr temperatures are controlled primarily by surface temperature iof
the south ?Jcific Peru Current and by the prevailing westerly winds

(Heusser, 1974). The Peru Current, a branch of the West Wind Drift,

originates In antarctic waters and travels northward zlong the Chilea%
coast producing cool temperatures In the Lake Region. At the Parque %
Nacional d¢ Puyebue (40°8, 72°W) mean Januarv {(summer} temperatures aﬂe
14°C at the elevation of Lago Puyehue (Figure 1), and 11°C at tree-li@e

(Mufioz S,, 1980). Average temperature ranges in the Lake Region

{ﬁeusser, 19B1) are 7-8°C in the winter (July) and 14-16°C in the éumﬁer

{January).




Table 1., Temperature and precipitation records from selected stations in the Chilean Lake Region.

Compiled by Heusser (1974) from Almeyda and Saez's (1958) data,

Average
Temperature
Elev. (°C) Average Precipitation (mm)
Station Location {m) Jan July Autumn Winter Spring Summer Total

Central Valley

Lz Unicon 40°15'8, 73°02'y 29 — e 360 560 216 125 125G

Rio Bueno 40°29'8, 72°55'W 58 — - 363 469 217 132 1214

Gsorno 40°35's, 73°09'W 24 17.6 8.3 368 530 232 149 1330

Puerto Octay 40°59'S, 72°52'W 51 —— 434 602 300 214 1600

Puerto Varas 417208, 772°57'w 51 15.7 9.0 549 24 355 278 1823

Alerce 41°23'5, 72°%4'W 107 - o 513 689 336 277 1933

Puerto Montt 41°28'8, 72°56'W 5 15.3 7.6 540 685 415 320 1960
Andean Foothills

Lago Ranco 40%14's, 72°20'W 70 - — 524 665 339 239 1809

Rupanco 40°5Q0'S, 72°25'W 141 — e 536 703 374 234 1894

Engsenada 41°12's, 72°32'W 51 — - 599 675 384 300 1993
Andean Cordillera

Punirre 40%16'8, 72°12'w 120 — - g0 1365 680 325 3400

Peulla 41°05'8, 71°02'W 190 - — 930 1260 670 470 3468

Puntiagude 41°05's, 72°17'W 190 15.0 6.4 860 1063 590 500 3080

Petrohue 41°07'S, 72°23'w 190 -_— - 970 1200 840 4000

4715

_‘Ei}sm
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The relationship of the heetle fauna to temperature and
precipitation patterns in the Lake Region is discussed in Appendix A.
it is inferred that migration of the polar front, presumably as a result
of changes in atmospheric circulation In the southern polar latirudes,
caused climatic changes 1n the Lake Region during the Quaternary

(Heusser, 1981).
Regional Vegetation

In southern Chile, from about the latitude of the city of Osorno to
the Province of Magallanes, the major vegetational type is temperate
rain forest in which evergreen and deciduous species of the southern
beech, Nothofagus, occur together and are the dominant trees in the
forest communit}. Optimal growth of the rain forest is seen in the Lake
Region, there called the Valdivian Rain Forest. The general
characteristics of this complex rain forest community are described by
Heusser (1966a, p. 274) as follows:

The Valdivian rain forest Is dense, dark and evergreen, consisting
of a profusion of ghrubs, I1ianas, epiphytes, ferns, mosses,
hepatics and lichens, among trees whose strongly deliquescent
trunks and branches at maturity can reach hejights of 40 m or more.
There is a multiplicity of speciles, many of which are monotypic and
endemic. Because of an equable climate, the season for growth is
lengthy, and near sea level, cessation of growth probably does not
take place In most species., Flowering and fruiting occur
throughout the vear, some plants bearing flowers even in mid-winter
(June and July). The forest floor is littered with slowly decaying
fallen leaves and boles, overlying thick, damp, peaty soils.

Lakes, bogs, swawps and rivers with their distinctive plant
communities interrupt the forest continuity. . . .

Between 41°5 latitude and the southern end of Isla Chilee (43° 30°%),

the Valdivian Rain Forest is the dominant vegetational unit from sea

level to at least 650 m., Scattered remnants of a more northerly




—ty G
vccurring forest called the Lowland Deciduous Forest {(Heusser, 1981}
range from the northern part of the Lake Region to about 41°S5 latitude,
the morthern limit of the Valdivian Raln Forest. Specifics of the
floristic composition of the Valdivian gain Forest and other
vegetational communities occurring at higher elevations in the Lake
Reglon are presented by Heusser (1966a, 1974, 1981} and Veblen and
others {1977, 1979) and are summarized in Appendix A (Figure A2).

Prior to European colonization of the Lake Region in the 19th
century, the Central Valley was completely forested (Heusser, 1974).
The forest was cleared for agriculture, construction materials, and
fuel, Today, only scattered remnants of the Valdivian Rain Forest, in a
savanna~like setting of grasses and forbs, remainm in the valley
{Heusser, 1974; Veblen and others, 1977}. Although the natural
vegetation wiéhin the Central Vallev has been significantly altered by
the presence of man, fewer anthxopogeﬁic effects are seen in ths
cordilleran forest communities. Undisturbed stands of natural rain
forest vegetation begin at an elevation of about 500 m in the Region's
Andean foothills, However, instability of forest communities in the
mountains 1s maintained by natural catastrophes such as earthquakes
triggering mass movements, volcanlam and forest fires (Veblen and
Ashton, 1978; Veblen and others, 197%, 1980).

It 18 believed that rain~forest communities were much more
extensive and continuous ét various times during the Pleistocens
{ﬁeusaer, 19726). Remnants of rain-forest vegetation occur as disjunct

plant communities in scattered areas of the coastal mountains and

elsewhere in Chile, for example in the national parks of Fray Jorge and




—bhl—

Talinay (30° 30'S). In that area of the Coquimbo Province, rain-forest
plant communities form Venalaveﬁ» in the semi~arid, shrub-succulent zone
{Heusser, 1972b). Quaternary climatic fluctuations and associated
glaciations appear to have heen the fundamental causes of major
vegetation pattern alteratlons. Temporal biotic changes in the Lake

Region, resulting from Quaternary climatic flux, will be discussed in

detall later.




METHODS

Fleld Methods

Surface exposures at the Puerte Varas Park and Rio Caunshue Sites
were sampled after the vegetation had been cleared and the sections cut
back, measured, and described (Figures 8 and 15).

The Puertc Varas Park Site was sampled in November 1977. The 10
em~thick peat horizon was collected in two 5~om intervals; each sample
weighed about 14 kg (Figures 9 and 10).

The northeast portion of the Rio Caunahue exposure was sampled
during the 1977 and 1979 field seasons {(Figure 158). 1In 1877, samples
were taken at 10-cm intervals from thq base of the terrvace gravels to a
depth of 4.3 w (Figures 16 and 17}, The lower 50 em were collected from
below water-level., A bulk sample (BS), from a stratigraphically higher
horizon, was alsc taken from an exposure 500 m upstream from the main
section. An additional 160 em of the main section was exposed when the
site was revisited in 1979 because of lowered river~level during the
drought conditions that year. OSeven samples of distinct organic
horizons {(PDO-PDH), ranging in depth from 30 cwm above the prominant
vaoleanic ash horizon to river level, were collected from the main
sgction, In addition, three more samples (Al-A3) were taken from the
up&t:eam exposure and three samples (Bl1-B3), above the prominent

voleanic ash marker horizoa, were taken from sn exposure about 100 m

-
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downstream from the maln section, FEach sample from the Ric Caunahue
Site weighed about 3 kg. The teotal welght of sediment collected from
the Rioc Caunahue Site during the two field seasons was about 150 kg.

The Puérto Octay Site, a bog, was samplad with a piston corer in
Rovember 1977 (Figure 7). Nine complete cores, averaging 2.5 m iIn
length and 5 cm in dlameter, were ohtained from an area 4 m in diameter
in the center of the abandoned meltwater chammel about 50 m west of
highway U—SS&V {Figures 5 and 6), Coring was terminated at a resistant
volcanic ash horizon, Detailed lithologic descriptions of each of the
cores ware rgcorde& and the cores were correlated by lithologic
comparison, Each core was sampled at 10 cm Intervals, A total of about
34 kg of sedimant was collected from the Puerto Octay Sitej inddvidual
samples on the average weighed 180 g.

The Noveﬁber 1977 excavation of the Puerto Varas Railroad Site was
hindered by the emplacement of a concrete retailning wall constructed
since Heusseu}s (1974) study of the site (Figure 12}. A trench was dug
behind the retalning wall to a depth of 160 cm before water seepage
problems prevénted further digpging (Figure 13}, Samples were collected
at 10 cm intetvals from the top of the excavatlion to a depth of B0 em
(Figure 14). Because of the water problems, samples were taken at 20 cm
increments from a depth of 80 c¢m to the bottom of the excavation. A
total of about 47 kg of sediment, each sample welghing about 4 kg, were
collected from the Puerto Varas Railroad Site,

Individual samples from the four sites were secured in plastic bags

with a label fndicating collecting site and stratigraphic position.
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They were air-freighted to the North Dakota State University (NDSU)

Fossil Beetle Laboratory for processing.
Laboratory Procedures

Sample processing techniques for isolating insect fossils from
Quaternary sedlments have evolved from simply inspecting bedding planes
to a wet—sieving and kerosene—-flotation procedure. The flotation method
was dE?elaped;at the University of Birmingham, Fngland, to expedite
fogsil recovery {Coope and Osborne, 1967; Coope, 1968). However, the
process is st#ll time consuming. Ashworth (1979) briefly described
the procedure‘ﬁut a detailed gutline of the method is provided iIn
Appendix B,

411 samples recovered from the Puerto Octay, Puerto Varas Park,
Puerto Varas ﬁailroad, and Rio Caunszhue sites were processed according
to this procedure except that the Galgon golution dispersion was seldom
used because most samples disaggrepgated easily during wet sieving.

A sample preparation report sheet was maintatned for each processed
sample recording weight, lithology, observed fossils and processing
procedures used., Catalogs containing the report sheets for eack fossil
site studied are housed at the NDSU Fossil Beetle Laboratory. All
subsamples retained for additional radiocarbon dating, pollen and
macroplant analysis, and all washed residues are curated at NDSU,

Tollowing the extracéion procedure, the insect fossils were
transferred from the storage vials into petri dishes containing ethanol,
Beetle fossils Qere sorted, under the binocular microscope, into groups

of similar skeletal elements (e.g., beads, pronota, etc.). In addition,
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they were segregated Into taxonomic categories when possible. Fossils
were removed;from the petri dish with a dissecting forceps and mounted
on micropalepntological slides with water-soluble, gum tragacanth glue.
Other insects and arachnids were mounted on separate slides. The
fessils on eéch slide were numbered. Information including fossil site,
sample nuwber, slide number and number of slides per sample was written
on the edge of the slide. Data sheets, recording the tvpes of skeletal
elements and names of the fossils when cbtained, were kept for esach
slide., 1In adhiticn. summary data sheets were maintained for each sample
indicating the specles found, kind and number of skeletal elements on
which the detérminations were made, and minimum number of Individuals
per specles. All slides and catalogs containing the data sheets are
deposited in the NDSU Fosggil Baetle Lzboratory.

Identifiéaﬁion to genus and species was attempted only with the
fossil Coleoptera, Other insects and arachnids were identified to order
or to family. . Most fossils were ijdentified by comparing them with
species recovered during a modern faunal survey {(Appendix A}, Other
specimens were! named by careful comparison with identified specimens in
the insect collections of the United States National Museum (USNM),
Canadian National Collection (CNC) in Ottawa, and private collections
{e.g., Dr. Chafies 0'Brien's weevil collection in Tallahasses, Florida}.
Fogsil specimens not identified by these methods were sent to
systematists in the United States and other countries for

determinations. Many specimens were examined by these experts for

confirmation of:identifications,
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A1l ideétifiable fossils were counted to determine relative
abundances and diversities. In each gample, one left elytron, or one
right elytron, or one head, or one pronotum from a beetle taxon, or a
combination of single specimens of any or all of these skeletal elements
was considered one individual. In many instances, numerous left elytra,
right elytra, heads, and pronota of one taxon were recovered from each
sample. The skeletal element that was present in highest numbers was
congidered aniestimace of the number of individuals of that taxon in
that sample, |

Information concerning the ecological requirements and present
geographical distribution of southern Chilean beetle species is rarely
encountered in the literature because studies have concentrated on
tazonomy. Thelpaleoenvirommental and palegclimatic interpretations
presented heregn are based largely on an integration of the ecological
and distributional data derived from Information obtained through study
of the existing Lake Region fauna (Appendix A) and are governed by the
fundamental aséumptions summarized earlier, Supplemental information
was gained by Qisits to major museums and private collections and from
the sparse literature avallable. However, a great deal of pertinent
ecological and distributional data were acquired through correspondence
with numercus taxonomlc experts. This knowledge was invaluagble 1in
defining the past enviromments in which the fossil communities lived;
and because these coleopterists will be cited as personal communicants

frequently, a list of their names and affiliations 1s presented in

Appendix C.
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To facilitate discussion and interpretation of the fossil
assemblages from the four sites, the sequences were divided into
intervals baﬁed on sedimentological breaks or changes In the fossil
insect assemblages. The Puerto Octay sequence was divided into four
intervals, the Rio Caunahue sequence into three and each of the Puerto
Varas seguences into one. The dintervals are not formally named and are
not considered as zones to avold the Implication of biestratigraphic
utility. The intervals are numberad according to the sample numbers
they include {(e.g., Puerto Octay interval 25 through 24}, A
palecenvironmental analysis of each interval will be presented later
based on the;specias associations within the interval.

Abundant datable material was available from the four sites
studied. Twenty, either wood or peat, samples (fifteen from Rio
Caunahue, thrée from Puerto Octay, one from each of the Puerto Varas
sites) were submitted for radiocarbon dating (Appendix D).

Standard Scanning Electron Microscope techniques were used to
produce the photomicrographs 1llustrated in Plates 2 through 8§ of some
of the representative and well preserved beetle fossils recovered during

this study.
Mathematical Treatment

Cluster analysis, a technlque for analysis of multivariate data
sets, has been extensively developed in recent yvears {Sokal and Sneath,
1963; Sneath and Sokal, 1973; Krumbein and Graybill, 1965; Harbaugh and

Merriam, 1968: Davis, 1973). These methods were initially devised for

numerical taxomomy; subsequently, they have become of interest to
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researchers involved in biocassociational studies such as biostratigraphy,
paleoecolagy,iecology, and biogeography because they provide comsistent
ways of searching for biaassociaﬁienai patterns in large data sets. The
methods are simple, repeatable, and objective, but they are not
statistical bécause thev have no theoretical statistical basis and no
tests of aignificance have yet been devised.

In this study, the purpose of cluster analysis was to define
ceiiecting:locklities that have similar beetle faunas, so as to
astablish an eievational zonation of the fauna in the study area (see
Appendix A). further, the method was used to estabhlish the similarity
of fossil beetia assemblages, from various tiﬁe intervals, to
commnities existing today at distinct localities and restricted
elevations. Tﬁis polythetic ecological and palecectloglcal approach was
accomplished th?eugh utilization of digital computers teo generate binary
similarity coefficients and, ultimately, the clustering results, The

! establishes that distinctive groups (bioassociations) are present before

various taxa fo? the recognition of the bioassociations are determined.
Cluster andlysis involves two computaticnal procedures:
{1} the céiculation of simllarity coefficients, numerical measures
of the similarities between all the oblects to be clustered;
{2} and the grouping of samples on the basis of these similarity
coefficients. |
l  The type of similarity coefficient analyeis employed is called

(-mode where the various samples are compared to one another on the

basis of the taxa they contain, In this study, these coefficlents are
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merely quantitative deseriptive numbers based on the presence or absence
of taxa, A number of binary {(presence - absence) similarity
coefficlents have been used in bioasseciaﬁional studies. The properties
of those that have been most consistently used were compared by Cheetham
and Hazel (1969). Every type of similarity coefficient has some bias
which can introduce distortion into an analysie. It is, therefore, left
up to researchers to choosge the coefficient that best fits thelr concept
of what they want the similarity measure to portray. That decision is
governed by experience and through experimentation with a variety of
coefficlents.

The Jaccard coefficient omits consideration of negative matches
(absence of a species from both samples being compared) and
consequently, emphasizes differences., By contrast, although it is
mototonie with the Jaccard, the Dice coefficient gives twice as much
welight to matches as to mismatches, thereby emphasizing similarity. The
Dice coefficient was developed by Dice (1945), advocated by Hall (1969)
and Is used In this egtudy because it emphasizes similarity. Other
coefficients (Jaccard, Fager, Otsuka, and Phi) were compared with the
Dice but the latter yilelded groupings that seemed more natural. The
Dice coefficient is expressed by the formula:

20
C B et 10D
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where,
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Kumber of taxa common to both samples
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Number of taxa present in the first sample

o
"

My

The program to caleulate the Dice coefficients in this study was

Number of taxa present in the second sample

developed by Dr. Richard D. LeFever (unpublished, Geology Department,
University of North Dakota).

A matrix of similarity coefficients is produced when coefficients
are calculated between all pairs of gsamples. The data matrix Is square
and symmetrical about its primcipal diagonal., The diagonal contains no
Information and, because the matrix is symmetrical, only the upper or
lower triangular portion of the matrix is needed to describe the
relationships, Convention is to publish only the lower leftr triangular
part of the matrix. In the matrices presented here, the coefficients
have been replaced by symbols representing l0-point classes and are
called shaded greilis diagrams {Figure 11 and Figure A7), The trellis
diagram 1s read in the same manner as a road mileage chart, The pattern
in the square at the intersection of the coluam of one sample and the
tow of another sample dndlicates the degree of similaricy In faunal
composition between the two samples. For example, the measure of
similarity hetween samples 21 and 39 falls within the 3140 percent
similarlity level. Dark patterns proximal to the diagonal, as from
localities 11 to 8, indicate groups of localities with many taxa in
common.

Input for éluster analysis 15 the matrix of similaritvy
coefficients. The clustering procedure is used to define inter~

relationships within the similarity coefficient matrix, Similar samples

are gxoupedi{ciusterad) and clusters are displayed in a two-dimensional
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tree—-like hierarchical dendrogram, Although there are numerous
clustering techniques, the most widely used are the weighted (WPGMA) and
the unweighted palr-group averaging (UPGMA} methods developed by Sokal
and Michener (1958) and discussed in detail by Sokal and Sneath (1963)
and Sneath and Sokal (1973). Which method 1s generally best has been a
subject of debate, Hazel {1970, 1972, 1977} and Sneath and Sokal (1973}
recommend the use of the UPGMA because the generated dendrograms, when
compared to the original similarlity matrices, show less distortion than
those produced by WPGMA, However, Davis (1973) favoers the WPGMA on
empirical grounds., WNevertheless, the above authors agree that there are
occasions when the WPGMA Is preferable, especially when there is a
disparity in the size of samples being compared., Such is the situation
in this study and, consequently, the WPGMA technique was used. The
computer prcgr%m for the procedure 1s given by Davis (1973).

In the pair-group method all samples are compared to each cther by
using similarity coefficients. After the similarity coefficlent matrix
has been generated, the first step in WPGMA {s to scan the matrix for
the highest similarity value. The highest similarity coefficient
indicated in Figure A7, is 52 percent between samples 2 and 5. These
two samples are, therefore, considered to represent a group or cluster.
The degree .of similarity between the two samples is indicated on the
dendrogram by closing the branch between the samples with a line drawm
at the 52 percent similarity level. The similarity matrix is then
reéomputed treating the clustered samples, 2 and 5, as a single sample.
Similarities between cluster 2,5 and other samples is calculated as the

average between each sample in the cluster and each new sample. TIm the
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example (Figure A7) the similarity between cluster 2,5 and sample 12
would be calculated 1im the following wav. The original similarity
coefficient between samples 2 and 12 is 45 percent and the original
gimilarity coefficient between samples 5 and 12 1s 47 percent., The
similarity between cluster 2,5 and sawple 12 is sdmply the average of
these twokvalues: (45 percent + 47 percent)/2 = 46 percent. The degree
of similarity between cluster 2,5 and sample 12 1s entered onto the
dendrogram by adding a branch to represent sample 12 and comnecting it
to cluster 2,5 with a line drawn at the 46 percent similarity level
(Figure A7). The process 1s repeated until all samples or clusters of
samples are Joined together.

The resulting dendrogram, Iin summarizing the original matrix of
similarity coeffiaients through the process of averaging together
members of a ¢luster and treating them as a single new obiect, distorts
the original relationships between the samples being compared., At
times, the degree of similarity between two samples is masked.

Valentine {1966}, Valentine and Peddicord (1967) and Hazel (1970, 1972)
counteracted this problem by using shaded trellds diagrams in
conjunction with dendrograms because comparisons of samples hetween the
major groupings can be determined in the trellis diagram, thereby
compensating for the inherent distortion in the dendrogram. For
example, as seen in Figure A7, some localities in bicassociation TI and
I11 have a number of taxa in common as indicated by dark patterns within
the‘matrix. For that reason, combined trellis diagramg and dendrograms

were usged iIn thisz study.

Major clusters are distinguished on the completed dendrogram by
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tight groupings of samples joined at high similarity levels. The major
clusters or bioassociations, I-V (Figure A7} and I-V, Fi and F2 (Figure
11} are indicated to the left of the trellis diagrams and are separated
by pattevrns on the dendrograms,

Tt would have been ideal to subject all fossil asgemblages to the
clustering: procedure, but thie proved to be impossible bacause many
samples did not exhibit enough diversity in species composition to make
the analysis meaningful and because of limits imposed by the computer
program. Therefore, the assemblages recovered from nine samples were
chosen for the analysis because collectively they span the time
interval from about 4,300 te about 13,700 yr B.P., although most are
late glacial in age. In addition, all but one of the samples were
radiocarbon dated, Eight of the samples were from the Rio Caunahue Site
and the other %as from Puerto Varas Park. Ho assemblages were used from
Fhe Pyerto Varas Railroad or Puerto Octay sites because of inadequate
species di%ersities. K&zel‘{197ﬂ} cautioned against using samples
containing less than ten species in the cluster method. His
recommendation was followed except for the Puerto Varas Park assemblage
which contained only seven species. It was included in the analysis
because it was older and appeared to be distinctive and markedly
different than the Rio Caunahue assemblages. The samples used, their
age and the number of species in each sample are presented in Table 2,

The stratigraphic position of the samples and specles used for the

analysis are indicated on Plate 1.
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Table 2. Fossil samples chosen for cluster analvsis, The table also
gives thé ages of the samples and the number of species in each sample,

: 14 Age Number
] _ SitefSample C yr B.P. of Species
Rio Caunahue BS-A3 4,525 & 145 65
¥ Rio Caunahue 21 10,000 + 280 11
Rio Caunahue 27 10,200 (estimate)} 20
Rio Caunahue PDO 10,440 = 2406 26
Rio Caunahue PD1 11,290 = 250 16
i Rio Canna&ve 42 11,680 = 280 32
Rio Caunahue PD4 12,385 = 340 20
Rio Caunshue PD6 12,810 = 190 26

Puerto Varasz Park PV1 15,715 * 440 7




PUERTO OCTAY SITE
Location, Site Description, and Radiocarbon Chronology

The Puerte Octay Site (Figures 1, 4, 5, 6 and 7}, in 2 former,
eastwest trending, meltwater channel of Lags Llanquihue, is about 3 km
north of Puerto Octay (lat. 40°56'40"S., long. 73°52'30"W.). The
abandoned 'spillway’s best geomorphic expression is about 150 m north of
the intersection of routes U-55«V and U-925 where U-55-V crosses it.

The channel, now a fen, has an elevation of 150 m or 100 m above present
lake level and is located in an area of deforested pastureland. Coring
at the site revealed a sequence of slltvy peat, silty clay, gyttia and
volcanic ash to a depth of 2.5 m in the channel (Plate 1 and Table 3},
Samples of the 2.5 m section were taken at 10-em increments,

The channel drained a proglacial lake that occupled the area of the
Lago Llanguihue basin northeast of Puerto Octay during the late glacial
maximum when the glacier abutted against the western shore of Lago
Llanquihue, Mercer {1976) suggested that the ice-marginal lake was not
an ephemeral feature formed during lce recession; it occupled the basin
for a consfderable length of time but only when the glacier was in
contact wiﬁh the western shore, Porter (1981} argued, however, that the
spillway drained the lake during early recession of the glacier from the

Llanquibhue II moraine because the chamnel truncates Llanquihue IT

cutwash. Deposition of organic-rich sediments began in the channel
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Figure 5. View of the abandoned Puerto Octay spillway west from route
U-55-V, Note terraces in background. Howard Mooers is with coring

apparatus in the middle of the channel.

Figure 6. Photograph of the piston corer and some of the cores
recovered from the Puerto Octay Site. The top of the cores is to the
left. The dark layers are organic rich and the light contain volcanic

ash. John Mercer is on the right and the writer on the left,
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Figure 7. Photograph of coring at the Puerto Octay Site. John Mercer .
is on the left and Howard Mooers on the right., The abandoned spillway
terrace is evident in the background. Note retrieved core in

foreground.
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Table 3. Lithologic description of the Puerto Octay Section.
The compusite section 1s based on nine cores,

Location., Abandoned meltwater channel 3 km morth of Puerto Octay {(lat.
A0°56T40™S,, long. 73°52'30"W.). Cores taken 50 m west of highway
U-555-V about 130 m north of the junction of U-55-V and U-925

(Figure &),

Sampie Desceription Thickness
Numbers {cm)

Not sampled Removed because of bioturbatiocn by 10
grazing cattle.

1=3 Black (5YR 2.5/1) silty peat. Penetrated 30
by modern plant roots. Abrupt contact with
unit below, Sample (20-30 cm below top)
dated at 1,190x135 C yr B.P. {GX-5505).

4-9 Brown (10YR 4/3) slightly silty clay. 60
‘ Somewhat darker in upper 10 cm. Contains
disseminard volcanic ash, Gradational
. contact with unit below. Sample 91280—95
cm below top) dated at 16,000%540 ~ C yr
B,P., (GX-5506),

10-23 Dark, reddish brown {(5¥YR 2.5/2 to black 140
= {S5YR 2.5/1) organic rich clay {gyttia).
Becomes increasingly darker down hole,
Thin volcanic ash laminae in sample 12
(120 cm below top) and in sample 19 (190
cm below top). Abrupt contact with unit
below. Organics from the base of sample 14
23 (238 em below top) dated at 18,1702650 " °C
yr B.P. {GX-5274).

24-25 Grayish brown (2.5YR 5/2) slightly sandy 13
clayey siit. Probably water~lain
volcanic ash.

Rase of cored section
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after thé spillway was abandoned whaﬁ the proglacial lake level was
lowered éuring glacler recession. The date for these sediments has been
taken as%the age for retreat of the glacier from the western shore of
Lago Liaéquihue following the late glacial maximum (Mercer, 1376) or a
minimum ége for the late glacial maximum, Llanquihue IT, advance (Porter

14

19813, The date of 18,170%650 " 'C yr B,P. (GX-5274) obtained during

this study from the basal organic~rich sediments 1s slightly older than
the date of 17,370%670Q 1&C yr B.P. (RL-120) reported by Mercer (1972a,
1976) from the same stratigraphic level,

14

Two additional dates, 1,190%135 "°C yr B.P. (GX~5505) from sample 3

{20-30 cq below the top of the section) and 16,000+540 14C yr B.P,
(GX*SEQ&ﬁ from sample 9 (80-90 cm below the top of the section), were
obtained from the Puerto Octay Site (Plate 1, Table 3, and Appendix D),
These datgs iﬁdicate that either the upper %0 cm of the section 1s
highly ccﬁpressed or that a hiatus exists somewhere in the upper part of

the sequence, The basal 1.5 m of section, however, contains heetle

assemblages spanning the 18,000 to 16,000~year interval,
Analysis of the Fossil Assemblages

Reptésentatives {Plate 1} of six orders of insects and two orders
of arachnids were ldentified from the twenty~five samples collected at
the Puertq Octay Site. Plate | also shows the minimum number of beetle
individuals per identifiea taxon, the number of unidentified but

pdtentiaily identifiable beetle fragments, and the number of additional

insect and arachnid fragments recovered from each sample. The
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occurrende of charophyte oogonia, diatoms, quillwort macrospores and
L
unidentiﬁied macroplant remains is indicated on the stratigraphic column
{(Plate 1). HNo mollusks or ostracods were found in any of the Puerto
Octay samples.

Of the 516 identifiable beetle foséils recovered from the Puerto
Octay Sitie (Tables 4 and 5), 498 (97 percent) were ldentified to family,
334 (65 percent) to genus and 179 (35 percent) to specles. At least 42
species ﬂepresenting 14 beetle families, both aquatic and terrestrial,
were reco&nized. Ninety-three percent of the taxa were identified by
direct comparison to specimens collected during the modern faunal
survey. &he assemblage was dominated by five beetle families (Table 6).
Twenty-th&ee percent of the specles were staphylinids, 14 percent
hydrophilids, 1! percent curculionids, 14 percent carabids and 9 percent
pselaphidg.

The beetle fossils were not evenly distributed throughout the 2.5 m
section. TInterval 3 through 1, the upper peat horizon, contained a
relativel& diverse assemblage but interval 9 through 4, silty clay
containing volcanic ash, was devoid of beetle fossils except for
pselaphid# {Table 5). A relatively diverse beetle assemblage, dominated
by water beetles, mostly hydrophilids, and significant specles of
carabids pnd curculionids, was recovered from interval 23 through 10.
Only a single aleocharine was found in the basal unit of presumed
volcanic ash,

Representatives of five orders of insects (Table 7), in addition to

the Coleobtera, were present. Hemiptera (bugs) including Saldidae

(shorebugs), Homoptera, specifically Cicadellidae (leafhoppers),




Table 4. Taxpnomic list of fossil Coleoptera recovered from the Rio Caunahue, Puerto Varas Park, Puerto

Varas Railroad and Puerto Octay Sites indicating their present elevational ranges, skeletal elements .from

which they were identified and plates on which they are illustrated.

FOSSIL COLEOQPTERA TAXA

ELEVATIORAL RANGE

PUERTCG  PUERTO
RIO VARAS  VARAS PUERTO
CAUNAHUE RATLROAD  PARK OCTAY

RIGHT ELYTRON

OTHER
HEAD
RIGHT ELYTRON
OTHER

HEAD

REGHT ELYTRON

OTHER

PRONOTUM
HEAD

LEFT ELYTRON
PRONOTUM

LE¥T ELYTROR
LEFT ELYTRON

HEAD
PRONOTIM
OTHER

LE¥T ELYTRON
RIGET ELYTRON

PRONOTUM

PLATE
NUMBER

TRACHYPACHIDAE

Systolosoma brevis Sol., 1849

CARABIDAE

Ceroglossus valdivise (Hope, 1838)
Ceroglossus sp.

{reobiue eydouxi Guer,, 1839
Creobius sp.

Bembidion cf. dubei Sol., 1849
Bembidion marginatus Sol., 1849
Bembidion cof. posticalis Gmn,, 1906
Remhildion setiventre Neg., 1973
Bembidion sp. 5

Bembidion ap. 7

Bembidion sp. 8

=41

b

X

XX XX 11

XX

N]M?’Q

P P TSIt BT ) [ e e R

A Ll ol
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Table 4., (Continued)
o T ) R, P. VARAS P. VARAS FUERTO
FOSSIL COLEOPTERA TAXA CAURAHUE RATLROAD PARK OCTAY PLATE
%1: PLR PLR PLR PLER
gHTEE(} BETEEGC ETEEOD HTEE®O
CARABIDAE (CONT,)

Bembidion spp. 6 XXX X X

Aemalodera centromaculata Sol., 1849 3 X X

Aemslodera dentimecylata Scl., 1849 2 X ¥

Aemalodera spp. AXXXX X

Trechisibus nigripennis Group S¢l., 1849 6 X X X X

Trechisibus sp, 6 X ,

Glpsyaells patagonica Schw., 1958 2XX P1.8, Fig, 2

Trechinotus striatulug Mateu & Neg., 1972 2 X X X X P1.8, Fig. 1

Trechini gen, Indet. 6 X XX

Trirammatus (Feroniomorpha) sp. 1 2 X

Trirammatus sp. 2 X

Parhypates {(sensu stricte) sp. & XXX

¥etius sp. 1 3 X

Metius spp. 3 X

Abropus carnifex Fabr., 1775 6§ XX XX P1.4, Fig. 1

Agonum sp. | 1 X

Agonum sp, 2 4 ? X X Pl.5, Fig, 2

Agonum sp. 4 2 XX

Agonum spp. 4 X X X X X X

Pterostichini gen. indet, 4 X X

Felmatellus {sensu lato) sp. 1 4% X

Pelmatellus (sensu lato) sp. 4 XX

Bradycellus {(Goniocellus) sp. 4% X XX

!
&
T



Tabkle 4. {Continued)
T I TR, -~ P, VARAS P, VARAS PUERTO -
FOSSII. COLEQOFPTERA TAXA CATINAHOE RATLROAD PARK OCTAY PLATE
=] PLER PLR PLE PLER
% HTEEO HTEEO HTEEO HTEEO
CARABIDAE (CONT.)
Bradyecellus {Liocellus) sp. 4 X
Bradyecelius (Stenoccellus) sp. 2 X X X
cf. Bradycellus (Stenrocellus) sp. 4 XXX
Bradycellus spp. 5 7 X &
Plagiotelum irinum Sol., 1B49 & X ¥
Carabidae gen. indet, 6 XXXX X X X
DYTISCIDAE
Lancetes sp. -3 X
Rhantus validus Sharp, 1882 2 X
Liodessus delfini (Rgmb., 1899) 6 XX ? XXX
HYDRAENIDAE
Gymnochthebiug spp. k! XX XX
HYDROPHILTIBAE
Hydrochus stelpi Gmn., 1901 1 X X XX XXXX Pl.4, Pig. 2
Tropisternus setiger (Germ., 18241 2 X XXX
Enochrus fulvipes Sol., 1849 2 X
Enochrus vicinus 5o0l., 1849 4 ¥ X X XXX X




Table 4.

{Continued)

FOSSIL COLEOPTERA TAXA

TP VARAS

PARK

PUERTO

OCTAY PLATE

HTEED

PLE

BETEEDO

PLR
HT®R®O

HYDROPHILIDAE (CONT,)

Enochrus spp.
Hydrophilidae gen. indet.

PTILIIDAE
Ptiliidae gen. indet.

LEIODIDAE

Dasypelates sp. 1

Dasypelates spp.
Eunemadas chilensis Ptvn., 1914

cf. Eunemadus sp.
Colon sp.

cf. Hydnobiotus sp.
cf. Neohydneobilus sp.
Leiocdidae gen. indet,

SCYDMAERIDAE

Fuconnus spp.
Scydmaenidae gen. indet,

XXX

? Pi,7, Fig, 1

B B E
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Table 4.

{Continued)

FOS8IL COLEOPTERA TAXA

S R
CAUNAHUR

%

TR VARAS T

RATLROAT

CF,VARAS

PARK

PUERTO ™ 7
OCTAY

PLR
HTEEO HTEE

PLR

a

PLR
HTEEOD

PLE
HTEEO

PLATE

STAPHYLINIDAE

Pseudopsis cf. adustipennis F.& G., 1861

c¢f. Pgeudopsis spp.
Glypholoma pustuliferum Jean., 1962
Glypholoma sp.

Omaliocpsis spp.
Neophonus bruchi Fauv,, 1905

Omaliinae gen. indet.

Carpelimus spp.

Thinodromus &p. 1

Thinodromus ap, 2

Thinedromus sp. 3

ef . Thinodromus sp. 4

¢f, Thinodromus sp. 6

cf, Thinodromus spp.

Anctvlus chilensis C. & 5., 1968

Blediys cf, chilensis C, & §., 1968

cf, Oxytelinae gen. Indet.

Stenus chilensls Ben., 1928

Stenus spp.

Baryopsis araucanus C. & 8., 1968

Baryopsis sp.

Philonthus {(Edeius) punctipennis
(Sol., 1849}

b

L E

Ploﬁ,

Fig. 3

Pl1,7,

Fig. 3

E I

i ibd g pg

b o
ittt

I XX

Pl.7,

Fig. 6

3!

XEXXHM

LT
4
=

b e

P1.4,

Fig, 4
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Table 4. {Continued)
R P, Vﬁkﬁq P' ‘ﬁ}‘é S P{]ERF}E@
FOSSIL COLEOPTERA TAXA CAUNALUE RATLROAD PARK OCTAY PLATE
5;1 PLR PLR LR PLR
EHTKEO HTEEO HTEEO HTEEG®G
STAPHYLINTDAE (CONT.)
Cheilocolpus cf. sp. 2 5 XX
Cheilocolpus sp. 3 4 X
Cheillocolpus sp. 4 2 X7
Cheilocolpus spp. 6 XXXX 5
Loncovilius (Lienturius) sp. 2 XXX ¢
Loncovilius sp. 4 X
Quediinas gen, indet, 4 X
cf. Bolitoblus asperipennis C.& 5,,1968 + X
Leucotachinug luteonitens (F.& G,, 1861} 1 X X X X Pl,7, Fig. 4
Nomimoceras marginicollis (Sol., 1849) I XXX X X P1.5, Fig. &
Aleocharinae sp. 3 1 XX
Aleocharinae sp. 8 2 XX
Aleocharinae sp, 9 2 XXX
Aleocharinae sp. 18 4 X
Aleocharinae sp, 12 4 X
Algocharinae Group 1 6 X X XXX
Aleocharinae Group ? 2 XX
Aleocharinae gen. indet. 6 X XXX XX I ¥ XXX1x
Homalotrichus of. impressicollis Sol.,, + X
1849
Staphylinidae gen, Indet, B XXXX XXXX




Table 4. {(Continued)

R. P. VARAS P, VARAS PUERTO

FOSSIL COLEOPTERA TAXA CAUNAHUE RATLROAD PARK OCTAY PLATE
B P LR PLR PLR PLR
g HTEE(C HTEED HTEEO HTEEDOD

PSELAPHIDAE

Palminiomus araucanus Jean., 1962

Dalminiomus spp.

Achillia spp.

bl ] g
S e

Tryopsis spp.

TR ORI NS
B
ALY 2 R
LR B
4
2] D | 2
i
4
pd| b bd |

Pselaphidae gen. indet.

LUCANIDAE

Chiasognathus granti Steph., 1831 L

Sclerognathus bacchug Hope, 1845 X L

Sclerognethus caelstus Blanch., 1837 X

cf. Selerognathus femoralis Guer., 1839 X

Sclerognathus sp. P

SCARABAETDAE

Sericoides chlorosticts Blanch,, 1851
Sericolides viridis Sel., 1851
Sericoides sp. 2

Sericoides sp. &

Sericoides sp. 5

Sericoldes sp. 10

Sericoldes sp. 11

bei g bl

[ d § 81 SOCT IR § % § ) §O )
s
ba
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Table 4., {Continued)

Austrclimmips 8p. 1 XX

R. F. VARAS P, VARAS PUERT(
FOSS1L COLEOPTERA TAXA ’ CAUNAHUE RATLROAD PARK, OCTAY PLATE
@ PLR PLR PLR PLER
g HTEEOQO HTEECC HTEEDOD HTEEOQ
SCARABAEIDAE {CONT.)
Sericoldes spp. B X XXX X X X
Scarabaseldae gen. indet. FAXX X X X
HELODTDAE 4
'}
cf. Mlcrocara sp. 6 X XXX
cf. Cyphon sp. 4 X
Prionocyphon sp. LI
Helodidae asp. 7 4 X
Helodidae gen. indet. 6B XXXX X
CLAMBTIDAER
Clambidae gen. indet. 3 X X
BYRRHIDAE
cf, Byrrhidae gen. indet. + X
ELMIDAE
Austrolimnius chiloensis {(Champ., 1918) 1 X X P1.6, Pig. 6



Table 4, (Continued)

R, P. VARAS P, VARAS PUERTO '
FOSSTL COLEOPTERA TAXA CAUNAHUE RATLROAD PARK 0CTAY PLATE
P LR PLR PLR PLR

HTEEG HTEED HTEEOC HTEEDO

RANGE

ELMIDAE (CONT.)

Neoelmis n. sp.

Negelmls sp.

Stethelmis ap.

Hydora annectens 5. & B., 1981

X P1.8, Fig, 3

i ftad] 4 fams
w4
L
R

Pl,5, Fig. 3

i
]
¥
ELATERIDAE

Semiotus luteipennis Guer,, 1838
Deromecus sp. 1

Deromecus spp.

ef, Medonis sp.

Negastrius sp.
Elateridae gen. indet,

7 X

B R L

Lo B RaN Y[ a] out ot B

LAMPYRIDAE

Pyractonema nigripennis Group Sol., 184% 6 X

CANTHARIDAE

Dyamorphocerus dilaticornis Guer., 1838
(lontelus sp.
Hyponotum cf. krausei (Phii., 1861)

XXX

R 3~ B




FOSSIL COLEOPTERA TAXA

Table 4, {Continued)
R. P, VARAS PUERTO .
CAUINABUE. — _BALLROAD PARK DCTAY PLEATE
PLR PLR PLR

:

HTEEO HTEEOQ

HTEEC HTEEOD

CANTHARIDAE (CONT.)

Hyponotun cf. violaceipenne (Pic, 1928)
Hyponotum &pp.

Micronotum nodicorne (8ol., 1B49)
Plectocephalon testaceum (Ple, 1928)
cf, Cantharidae gen. indet,

DERODONTIDAE

Nothoderodontus dentatus Lawr., 1979

AROGBIIDAE

Byrrhodes nigricolor (Ple, 1912)

Byrrhodes sp.

Caenocara spp.

Stichtoptyohus cf. brevicollis (Sol.,
1849)

Stdchtoptyohus spp.

BOSTRIDEIDAE

Bostrichidae gen. indet.

5%

b X X

L XX

B X X P1.6, Fig. 7
6 X

+ XX XX P1.3, Fig. |
2 X

2 X

1X XX X P13, Fig. 3
2 X

2 XX

* X




{Continued)

FOSSIL COLEORTERA--TAXA

f T3 e e w e 2 S S Y4 2

HTEEO

TROGOSITIDAE
cf., Diontolobus sp. !
ef, Diontelobus sp. 2
cf, Diontolobus sp.
PELTIDAE
Acalanthis sp,

MELYRIDAE

Pl.4, Fig, 3

a2 f | L

..gé.-

Dasytes haemorrhoidalis Sol., 1B4S

HMelyridae gen. indet,
NITIDULIDAE

Brachypterus n, sp.

] Lt
e
i

P1.6, Fig, ?

b
|

Perilopsis flava Rter., 1873

Cryptarcha sp. 1
Cybocephalus ap.

Nitidulidae gen. indet.

RHIZOPHAGIDAE

Pl;:;, Fiju 4

] |

oY R o] a1 v

LB

cf. Rhizophagidae gen. indet,




Table 4.

{Comtinued)

FOSSIL COLEOPTERA TAXA

%

CAUNAHUE

R,

P. VARAS
RAILROAD

P, VARAS
PARK

BUERTO '
OCTAY PLATE

HTEEDO

PLR

PLER
HTERO

PLR
HTEEGOC

PLR
HTEEO

CRYPTOPHAGIDAR

Pseudochrodes suturalis Rttr., 1876
Cryptophagidae gen. indet.
cf, Cryptophagidae sp. 3

COCCINELLIDAE

Rhizobius chilianus Mader, 1957

Orynipus spp.

Adalila kuschell Mader, 1957

Adalia spp.

Sarapidus cf, australis Gord., 1977
Striceospilus darwini Brthe., 1924
Coccinellidae gen. indet.

LATHRIDITIDAE

Aridiue heteronatus {Belon, 1891)
Lathridiidae cf. sp. 2
Lathridiidae gen, indet,

COLYDIIDAE

ef. Colydiidae gen. indet.

i |

4

L]

mg L_

b iR

XX

| o

P1.3, Fig, 7
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Tebhle 4.

FOSSIL COLEOPTERA TAXA

%

TENERRIONIDAE
cf, Adeliym sp,
SALPINGIDAE
Cyeloderus rubricellis Sol,, 1851

Vincenzelluys sp.
Salpingidae gen., indet,

CEDOMERTIDAE

Platylvtra vittieollis F, & G,, 1B63

MELANDRYIDAE

Orchesia sp. 1
Orchesia sp. 2

MORDELLIDAE

Mordelliddae e¢f. 8p. 3
Mordelldidae gen. indet.
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Table 4, {Continued)

R, P, VARAS P. VARAS PUERTD
FOSETL COLEOPTERA TAYA CAITNAHUE RATLROAD PARE OCTAY PLATE
PLER PLR PLER PLER

B
2

HTEEO HTEEDO

HTEED BHRTEEO

ANTHICIDAE
Anthicidae gen. Indet.
CERAMBYCIDAE

Hoplonotus spinifer Blanch., 1851

CHRYSOMELTIDAE
Pachvhrachls sp.
Strichosa eburata Blanch., 1853]
cf. Gavirga sp.
Altica sp. 1}
Altica sp. 2
Alticinae sp. 1
Alticinae gen, indet,

cf. Crepidodera sp. !

cf. Crepidodera sp.
Chaetocnema sp.

Chrysomelidae gen, indet.

NEMONYCHIDAE

Rhynchitomacer flavus Voss, 1937
Rhynchitomacer fuscus (Kusch., 1954}
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Table 4, (Continued)
P. VARAS P. VARAS PUERTO
FO5511. COLEOPTERA TAXA CAINARUE RAILROAD PARK OUTAY PLATE
1 PLR PLR PLR PLER
%?{TEEO BTEEQO HTFELD HTEEOD
ARTHRIBIDAR
Ormiscus parvulus (Blanch., 1851) 1 X
Choraginae gen, indet, + X
Anthribidae gen. indet. 4 iXx :
&4
SCOLYTTDAE 9
Pityophthorus sp. + X
Monarthrum sp. + X Pl, 5, Fig, 1
Amphicranus sp. + X
cf. Corthylus sp. + X
cf. Araptus sp. + X
Gnathotrupes ¢f. sextuberculatus Schl.,, + XX
1951
Gnathotrupes sSpp. 2 XX
Phloeotribus cf. spinipennis Eggrs., 1930 + XX P11, 6, Fig. 1
Scolytidae gen, iIndet. i XX
ATTELABYDAE
Eugnanptoplesius violaceipennis 2 X X
(F. & G,, 1860}
Minurus testaceous Wtrh., 1845 2% XX

Pl. 8, Fig, 6




FOSSIL COLEOPTERA TAXA

BELIDAE

(Continued)

HTERED HTEEO HTEED

RANGE

Trichophthalmuas miltomerus (Blanch,, 1851)3

CURCULTONIDAE

Nototactus angustirostris Kusch., 1952
Polydrusus nothofagl Kusch., 1950
Dasydema hirtella Rlanch,, 1#51
Paulsenius carinilecllis (Blanch,, 1851)
Listroderes dentipennis Gmn., 1895
Listroderes sp.

Listronotus bonariensis (Kusch., 1955)
cf. Listronotus sp.
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Tartarisus signatipennis (Blanch., 1851)
Nothofagobius brevirostris Xusch., 1952
Nothofaginoides andinus Kusch., 1952
Nothofaginus lineaticollis Kusch,, 1952
Neopsilorhinus collaris {Blanch., 1851)
Neopsilorhinus sp.

Rhopaleomerus tenulrostris Blanch., 1851
-Bmoides ap.

Epaetius carinulatus Kusch., 1952
Notlodes sp.

P1.6, Fig.4
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Table 4. (Continued)
R. P. VARAS P. VARAS PUERTO
FOSSIL COLEOPTERA TAXA CAUNAHUE RAILROAD PARK OCTAY PLATE
g PLR PLR PLR PLR
g HTEEDO HTEEO HTEEO HTEEDO
CURCULIONIDAE (CONT.)
Aoratolcus estriatus Kusch., 1952 + XX
Wittmerius longirostris Kusch., 1952 + XXXX P1.2, Fig.3
Erirrhinoides unicolor Blanch., 1851 + X
Erirrhininae n. sp. 1 5XX X &
Erirrhininae nr. sp. 2 JXXXX i
Erirrhininae gen. indet. 6 XXX
Aegorhinus vitulus bulbifer Kusch., 1951 &4 L
Aegorhinus sp. 6 X
Apion spp. 4XX 77
Allomapgdalis cryptonyx Kusch., 1950 + X
Berberidicola crenulatus (Blanch., 1851) 3 7 X
Berberidicola exaratus (Blanch., 1851) 3 XX X
Berberidicola sp. 3 X
Psepholax dentipes (Blanch., 1851) 2 X
Acalles tristis Blanch., 1851 5 XXX M
Acalles cf. sp. 4 2 X
Lophocephala fascivtata Blamch 185t + IX X X P1.8, Fig.4
Rhyephenes sp. 4
Cryptorhynchinae n. sp. 1 + XTXXX XX
Cryptorhynchinae n. sp. 2 + X
Cryptorhynchinae gen. indet. 4 X XXX ? XXXX P1.8, Fig. 5
Dryophthorus canus (Phil., 1864) + X
Pentarthrum castaneum (Blanch., 1851) +XXXZX P1,2, Fig. 2




Table 4, {Continued}

R. P. VARAS P, VARAS PUERTO
FOSSIL COLEOPTERA TAXA CAUNAHUE __ RAILROAD PARK OCTAY PLATE
B TP LR PLR PLR PLR
ZHTEEOC HTEEO HTEEO HTEEO

LURCULTONTDAE (CONT.)

Curculionidae gen. indet. 6 XX XX X X X X X

Additional identifiable anatomical parts: M = Metasternum, P = Prosternum, A = Aedeagus, L = Leg.
The slevational range of existing specles in the Parque Naclonal de Puyehue area is Indicated by:

1 = taxa ranging up to 150 m, 2 = taxa ranging up to 650 m, 3 = taxa ranging up to 1000 o,

4 = taxa ranging up to 1200 m, 5 = taxa occurring only between 1000-1200 m, 6 = taxa ranging
above 1200 m,

+ = taxa not collected in the modern survey.

i

Familial order followed by the U.S, Department of Agriculture and U.S, National Museum,
Systematic order of infrafamilial taxa after Blackwelder (1944~1947).

Numbered species correspond to distinct but undescribed species collected during the modern faunal
survey. See apecies 1ist in Appendix A,




Table 5, Table indicating the number of identifiable beetle fossils recovered by sample from the Puerto
Octay Site and the number and percent of the fosgils identified to family, genus, and species. The table
also shows the minimum numbher of identified taxa and the number and percent of taxa identified to genus
and species In each sample. See Plate 1 for stratigraphic position of each sanple.

Toral
Number of Total Total Total Mindmum Number (%) Number (%}
Identifishle  Humher{%) Number(%) Number(%) Number of of Taxa of Taxa
Sample Beetle Tdentified Identified ITdentified Identified Identified Tdentified
Number Fosalls to Family to Genus  to Speciles taxa to Genus to Specles
1 25 24 (96) 16 (64) 12 (48) 13 10 (77) 7 (54)
2 2 2 (100} 2 (100) 1 (50) 2 2 (100) 1 (50)
3 2 1 (50) 1 (50) 0 (M 1 1 (100) 0 (M
4 1 1 (1003 1 (100} 0 (O H 1 (100) 0 {M
5 1 0 (o O (0} 0 (0) 0 0 (0 o )
H 1 1 (100} 1 {100} g {0 1 1 {100) 0 {0}
7 1 1 (100} 0 (M 0 {0) 1 0 {0} 0 i
8 0 4 (0} 0 () 0 {0} 0 o {0y om
8 3 0 (0 o (0 0 {0} 0 0 () 0 {0y
10 3 3 (100 2 (67} g (M 3 2 (87} a0
i1 10 10 {100} 5 (50) 2 (20 7 4 (57) 2 {29
12 42 42 {100) 29 (69) 11 (283 12 6 (503 3 (2%
13 51 50 (98} 36 (71 20038 12 & (87) 7 (58)
14 50 5 {100} 29 (58%) 13 (26) 1z g (671 5 (42}
15 62 80 (97) 40 (65) 22 (38) 15 10 {67) 7 D
16 51 50 (98) 37 OO 28 (5%} 14 9 (64) 6 (43)
17 51 ‘ 50 {98) 38 (75) 20 (3% i8 14 (78) 7 {39)
18 28 27 {98) 22 (79 10 (36} 13 10 (77) 5 (38)
19 a7 36 (97} 19 (51) 10 (27} 13 9 (69} 5 (38
20 52 51 (98) 28 (54 15 1289) 16 12 (75) b (3/)




Table 5, (Continued)
Total
Number of Toral Total Total Minimum Number (%) Humber (%)
Tdentifiable Humber{%) Bumber(¥) Number{%) Number of of Taxa of Taxa
Sanple Beetle Identified Tdentified Identified Identifdied Identified Identified
Number Fossils to Family to Genus to Speciles taxa to Genus to Spacies
21 28 26 (93) 21 (75) 14 (30) 11 7 (64) 4 (36)
22 5 3 {(60) o2 0 (M 2 1 (50} 0 ()
23 9 9 (100) 7 (78) 2 (22) 5 3 (60) 1 (20)
24 1 1 {100} 0 0 (0 1 0 {0} 0 (0)
25 0 0 (D) (VRN {1)] 0 {0 0 0 () 0 (0
TOTAL 516 498 (97) 334 (65) 179 (35)
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Table 6. Families and number of species per family recovered from each
site and the percent of each gite's assemblage that these specles

represent.
PUERTO PUERTO VARAS PUERTO VARAS RIO
FAMILY OCTAY PARK RATLROAD CAURAHUE
1. Trachypachidae 0(0) 0(0) 0(0) 1¢ D
2. Carabidae 6(14) 6{22) 7(32) 34(14)
3. Dytiscidae 1{2} Doy oo 3D
4, Hydraenidae 1(2% 1(4) oM 000
5. Hydrophilidae 6(14) 31 0{0) 3(1})
6. Ptiliidae 1{2) o{0 o{m 1( 1Y
7. Leiodidae 2{5) oo 6{0} B{(3)
8. Scydmaenidae o{om 1(4) D(0) 20 1)
9. Staphylinidae 10(23) 2N 3(14) 38(16)
10. Pgelaphidae 409) 441%) oM 5{2)
f 11. lucanidae 0(0) o0y 0(0) 5(2)
\ 12. Scarabaeidae 2{5) 1(4) 2{(9) 9(4)
X 13. Helodidae 2(5) 0(0) 0(0) 4(2)
i 14, Clambidae 0{0} 0{0} 1 1¢E)] 10 13
15. Byrrhidae 0{0) 00} 00} 10
16, FElmidae 1€t o0} )] &(2)
17. Elateridse 0 (0} 0.0} o(D) &6(2>
18. Lampyridae 0(o) 00} ofm 1¢ 1)
19. Cantharidde 1{2) 0¢0) o 7(3)
20. Derodontidae 0{0) 1161} oio) 10 1)
2. Anobilidae 040} LI {th] 0{0) 5¢2)
, 22. Bostrichidae oM o0 0r0) 11 1
! 23. Trogositcidae o0y e1{1)] a{0) 3D
i 24, Peltidae o G0} 0(0} 1{ 1}
75, Melyridae 0(0) 0(0) 0(0) 2( 1
r 26. Nitidulidae o(0} a0 o{m 5{23
27. Rhizophagidae 0{0) 0(0) 0(0) (D
: 28, Cryptophagidae 0(0} 0(03 oo 3(1)
- 29, Coccinellidase 0{0) 1{4) o{0 703
30, Lathridiidae 1(2} 0{0} o{o) (L)
i 31, Colydiidae oW 0o 0(0) 100
i 32, Tenebrionidae 0(0) 0(0) 0(0) 1( D
f 33. Salpingidae 00 0(0) oM 3L
| 34, Oedomeridae 0{0) 0{0} o{o) 1 1)
35, Melandryidae 0(0) 1{4} 0(0) 2( 1)
36. Mordellidae 0c0) al(m 1)) 2D
i 37. Anthicidae o€ g(o) 11¢44)] (1)
38. Cerambycidae 0(0Y 00} RiIg) 1( 1)
39, . Chrysomelidae 2(5) 0(0) W (e} 10(4)
40. Nemonychidae o{o) 41 {1)) oo 20 )

41. Anthribidae o(0) 0(0} 00 k18 )]
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Table 6. (Continued)
PUERTO PUERTO VARAS  PUERTO VARAS RIO
FAMILY oCTaY PARK RAYLROAD CAUHAHUE

42. Scolytidae 11¢1))] oo 0{ny §(43
43, Attelabidae 040} 00y 0{0) 2¢ 1)
44, BRelidae aco) oo 0(0) 1¢ 1)
45. Curculionidae 5(11) 7(26) 10445) 35(15)

TOTAL 44 27 22 241
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Table 7, Additional Insecta and Arachnida recovered from each fossil

gite.
PUERTO PUERT(O VARAS PUERTO VAERAS RIO
FOSSTL ‘ oCTAY PARK RATLROAD CAUNAHUE
INSECTA

Plecoptera (stonafly) X
Hemiptera (bug)

Saldidae (shorebug) X X

Other X X
Homoptera

Cicadellidae {leafhopper} X x
Neuroptera

Corydalidae (dobson fly) g

Other X
Trichoptera (caddisfly) X X X

- Diptera (fly)

Chironomidae {midge) X X

Gther X X
Bymenoptera

Formicidae (ant) X X X

Other X X X

ARACHNTDA

Cheleonethida(pseudoscorpion) X
Acard (mite) X X X X
Araneida {spider) K X




-1
Trichoptera (caddisflies), Diptera (flies), including Chironomidae
(midg&é), and Hymenoptera, including Formicidae (ants). Two arachnid
orders were {dentified; the Acari (mites) and Araneida (spiders). Most
of the Insect fossils, other than Coleoptera, and the arachnids were
identified by head capsules, The occurrence of these fossils closely
followed the uneven distribution of the Coleoptera (Plate 1). Only
mites and caddisflies were found ip interval 2 through 4 and only mites
in interval 25 through 24,

Diatoms of the genera Melosira and Anomoeoneie were observed
throughout the section below sample 3 and were exceedingly abundant im
samples 24 and 25. Charophyte oogonila were found in interval 3 through
1 and again in interval 23 through 10. Macrospores of the quillwort,

Isoetes savatierl Franchet, occurred fairly consistently throughout the

section below the upper peat and were extremely abundant in Interval 25

through 24.
Paleocenvironmental and Paleoclimatic Interpretations

Interval 25 through 24 (slightly older than 18,000 yr B.P.)

Only one aleccharine (Staphylinidae) fragment was recovered from
the water-lain volcanic ash horizon; it carries no environmental
significance, No other insects were found, but the abundant diatoms,

Melosira and Anomoeoneis, indicate (Bradbury, 1980) that the former

spillway contained freshwater of low alkalinity at the time of
depogition. Additional iInformation on water guality was provided hy

abundant macrospores of the guillwort Iscetes savatlieri. The plant

favors shallow, oligotrophic aquatic habitats (Heusser, 1980).
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Unfavorable substrate, water chemistry, oligotrophic conditions, low
water temperature, or lack of open water could all explain the absence
of an aquatic insect community. However, the almost complete absence of
any Insect fossils, including terrestrial forms, may suggest that severe
climatic conditions were, at least in part, responsible for the sparsity
of insects inhabiting the Puerto Ogtay area when glaciers were

beginning to recede from the Central Valley about 18,000 years ago.

Interval 23 through 10 (18,000 to 16,000 yr B.P.)

A marked sedimentological change took place in the abandened Puerto
Octay channel about 18,000 vears age, indicated by an abrupt change from
deposition of nearly abiotic volcanic agh to organie~rich sediment
containing insect and macroplant fossils., The relatively diverse water

beetle assemblage, including the hydrophilids, Tropistetnus setiger,

Enochrus fulvipes and E. vicinus, suggest that the depositional

environment was an areally restricted, quier, shallow pond., Rich

aquatic plant growth iz suggested by the dytiscid, Liodessus delfindi

which, according to Doyen and Ulrich (1978), spends at least part of its

life cycle within wats of filamentous algae, the hydrophilids, vhose
larvae are herbaceous on living and decaying aquatic vegetation (Pennak,
1978), and chironomid larvae that are mostly herbaceous on algae and
higher aquatic plants (Pennak, 1978), Shallow, well oxygenated water
conditions are also reflected by the presence of high numbers of fossil
caddisfly frontoclypeal apotomes and chironomid larval heada. The

decrease in abundance of Isvetes savatieri, increase in unidentifiable

vegetable matter, and presence of charophyte ocogonia, as compared teo
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the previous interval, indicate that eutrophic conditlons were
established in the pond,

The pond was probably partially fringed by vegetation, indicated by

the occurrence of the cantharid Dysmorphocerus dilaticornis, the

curculionid Dasydema hirtells (Plate 2, Figure 4), helodids, and

leafhoppers. However, other areas of the shoreline were perhaps muddy
and open, reflected by the water-marginal taxa, Agonum sp.. 2 {(carabid,

Plate 5, Figure 2) Gymnochthebius (hydraenid), Hydrochus stolpi

(hydrophilid, Plate 4, Figure 2), shorebugs (Saldidae}, and the

staphylinids, Stenus and Cheilocolpus. Marshy areas were probably

present ae inferred by the occurrence of the weevil, Lophocephala

faseiolata (Plate 8, Figure 4), a phytophagous species host specific on

the shrub, Pseudopanax laetivirens (Kuschel, 1981). The shrub is found

today in marshy areas in southern Chile (Mufioz S., 1980).

In comparison to the relatively diverse agquatic beetle assemblages
recovered from the interval, terrestrial species were exceedingly
sparse. The only ground~dwelling taxa were the pselaphida, Dalminlomus,

Achillia, and Tyropsis; the staphylinid, Baryopsis, and the weevil,

Listroderes dentipennis (Plate 1, Figure 1}. Only the latter provides

an insight into the palecenvironment of the regiom and is particularly
signifleant for reconstructions of conditions during the 18,000 to
16,000-year time period. FKuschel {198la, 1982) commented that
Listroderes is generally found im open, dryish country feeding on
cushion mat and rosette plants of all kinds of dicots, especially

imbelliferae, Cruciferae and Compositae, He further noted, however,

that L. dentipennis may be one of the very few species in the genus
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that has become somewhat adapted to forest margins, but that it is
unlikely the speciles could exist in a normal forest with a dense canopy.
As Kuschel stated, although L. dentipennis lives today principally on
the composite Sepeclo in forest marging from Valdivia to Isla Wellington
{approx. 50° §. lat.), in the latitude of the Lake Reglon, it is
confined to alpine and subalpine areas, broad riverbed lowlands and in
opeﬁ coastal areas. Kuschel's observations were confirmed by ecological
information obtained in this study (Appendix A) because L. dentipennis
was found only in tundra habitats (Bicassociation V) and in open forest
areas inhablited by beetles of Biloassociation TII, Its occurrence in
this interval suggests that the pond was in an open-ground setting, and
explains the absence of arboreal species in the site area between 18,000
and 16,000 years ago.

It is tempting to speculate that a tundra enviromment existed in
the Puerto Octay area between 18,000 and 16,000 vears ago because of the
lack of arboreal taxa, occurrence Qﬁ ppen~ground forms, low species

diversities, tewmporal position of the interval and geographic location

of the site. However, no modern analog for the beetle assemblages was
chserved during the survey of the existing Lake Region faunas. If the

sparsity of terrestrial taxa and lack of arboreal elements, coupled with

the presence of the open-ground species, Listroderes dentipennis,
signifies tundra conditions, the assemblages ére significently different
than the alpine tundra bheetle fannés, Bicassociation V, identified in
Appéndix A. The terrestrial element of the fossil assemblages is much
more depauperate than the terrestrial beetle faunas living In alpine

tundra habitats in the Lake Region today, although L. dentipennis is a

l
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maior faunal component in, but not restricted to Bipassociation V.

Most of the species recovered from the interval are eurvthermic and
cosmopolitan existing roday Iin broad geographic and elevational ranges
in southern South America., For example, many of the water beetles range
from far to the north of the Lake Region to the Magallanes {(Moroni,
1973} and also span numerous elevational zones {Appendixz A).

Listroderes dentipennis, Dasydema hirtella and Agonum sp. 2 also imhabit

broad elevational ranges. The observation that most specles can exit In
eool climates perhaps strengthens the possibility that cold conditions
exigted in the area 18,000 to 16,000 years ago. However, data in Tables
4, 8, and 9 show that some texa range only up to 150 m in the Lake
Région today, indicating that open~ground conditions, not necesgsarily
cold temperatures, was the main controlling factor., The fossil beetle
assemblages may, therefore, represent an early seral stage of bilotlc
succession into the region after temperatures had increased sufficieﬁtly
to cause glacial retreat from the Centra; Valley, thereby opening new
hahitats for colenization. Without a modern analeg, it camnot be
certaln whether climatic regime or habitat availsbility was ultimately
responsible for the composition of the beetle faunas living in the
Fuerto Octay area during the time interval of 18,000 te 16,000 years

ago,

Interval 9 through 4 (Age not precisely known but less than 16,000 yr

BtPﬁ .

Althougﬁ the contact is gradatiomnal, a significant sedimentological

and biological change occurs bhetween interval 9 through 4 and




See Plate 1 for stratigraphic

Table indicaling the number and percent of Puerto Octay beetle taxa, in each sample, that occur today at restricted

elevational ranges in the Lake Region determined through study of the modern fauna {Appendix A).
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See Plate 1 for stratigraphic position

Table indicating the number and percent of Puerto Octay beetle species, in each sample, that occur today at restricted

elevational ranges in the Lake Region determined through study of the modern fauna (Appendix A).

of each sampie.
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interval 23 through 10. The high organic content of the sediment
observed in interval 23 through 10 decreased upward, aasociated with
increagsed amounts of volcanic ash in interval 9 through 4. The only
insect fossils recovered from Ilnterval 9 through 4 were Trichoptera and
pselaphids (e.g., Dalminiomus), neither of which provides much
palecenvironmental information, although the former suggests that the

site was hygric, The high numbers of Iscetes savatleri and absance of

charophyte cogonia imply that oligotrophic conditions returned to the
Puerto Octay pond,

The dates bracketing this interval are extremely Important because
they indicate either that a hiatus exists somewhere in the interval or
that the interval is highly compressed. In either case, this part of
thé sequence is of no value for palecenvironmental and palecclimatic
reconstructionsAbecause of poor age control, potential long time span
involved and scarcity of fossils, A4As will be shown later, however, the
recognition of depositional anomalies in the upper part of the Puerto
Octay section has direct bearing on the inferred paleoclimatic history

of the Lake Region proposed by earlier workers.

Interval 3 through 1 (1,200 yr B.P, to Pregent)

The presence of Enochrus (hydrophilid), organic-rich sediment
{peat), and charophyte oogonia and the absence of quillwort macrospores,
suggest the rejuvenation of eutrophic conditions at the Puerro Octay
Site by at least 1,200 years ago. The occurrence of Fnochrus suggests

that water depths were probably extremely shallow and, perhaps, only an

ephemeral marsh existed at the site throughout this time, similar to
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today's setting. The ground-dwelling fauna inhabiting the shorelines

consisted of staphylinids, including Stenus spp., Philonthus (Edeius)

punctipennis and Nomimoceras marginicollis (Plate 5, Figure 4);

Gymnochthebius (hydraenid); Dalminiomus {pselaphid) and the carabids,

Bradvcellus (Goniocellus) sp. and Bradycellus (Stemocellus) sp. A

fairly diverse floral community probably existed in the area, suggested
by the occurrence of the chrysomelids, cf. Crepidedera sp. 1, which was

found only on Fuchsia magellanica during the survey of the existing

fauna, and Chaetocnema, which was commonly found on Amomyrtus luma

during the survey. Lathridiids, existing today in the Lake Region on a

number of plants including Nothofagus dombeyi, cicadellid homopterans

and Hemiptera alsc indicate a relatively well-established plant
community in proximity to the site,

Aquaric ;onditions, similar to those observed today, were
apparently established at the Puerto Octay Site by at least 1,200 years
age. However, at the present time, the site Is surrounded largely by
open pasture and farmland, not bearing a relatlvely diverse plant
community as fs inferred from beetle species present in the Interval,
As stated earlier, historical accounts have shown that the Lake Regilon
was densely forested prior to European settlement in the early 19th
century, The fossil record seems to confirm that the last deforestation
of the Central Valley occurred in relatively recent time,

Most of the beetle taxa recovered from the interval de not range
abéve 1000 m 1in the Lake Region today An& a high percentage of the

spacies occur only below 650 m (Tables 4, 8 and 9), It seems likely,

therefore, that climatic conditions similar to today were established
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in the Central Valley by at least and, as will be shown later, probably

much earlier than 1,200 years ago.
Discussion

Although Mercer {1976) and Porter (1981) expressed conflicting
gpinions regarding exactly when and for how long the Puerte Octay
channel was an active spillway of proglacial Lage Llanquihue, both
agreed that depesition of lacustrine sediments began in the depression
after the spiliway was abandoned when lake level fell during glacilal
recesgion, The date of the basal organic-rich sediment in the channel
was taken as the age of the initial retreat of the glacler from the
western shore of Lago Llanquihue after the late glacial maximum (Mercer,
1976; Porter, 1981). Both authors apparently inferred that the channel
is fleoored hy peat or gyttja probably ?ecause of Heusser's (1974}
initial description of the site in which he reported gravel beneath
gyttja 1in the bottoﬁ of his core. Gravel was not encountered at the
base of any of the cores taken for this study from the abandoned
gpillway. All cores bottomed in a siliceous silt believed to be
volcanic ash deposited in an oligotrophic lacustrine environment of low
alkalinity, implied by the occurrence, in great asbundance, of the

freshwater diatoma, Melosira and Angmoeopes, and Iscetes macrospores.

The pond inﬁtially occupyiqg the channel was essentially devoid of
insects and was probably in a treeless setting inhabited by few
terfestrial organisms. Climatic conditions may have been severe during
that time. The thickness of the basal silt is not known and the type of

sediments below the ailt has not been determined. The age of the
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organic-rich sediment above the silt does not, therefore, provide a date
for the onset of recession of the glacler from the western ghore of Lago
Llanquihue but indicates only that retreat had begun prior to 18,170 yr
B.P. The date (about 19,500 vr B.P.)} of the late glacial maximum is
well estahlished (Mercer, 1976; Porter, 1981}, go recesgsion of the
glacier had to have begun sometime between 19,500 and 18,170 vears ago,

Between 18,000 and 16,000 years ago, the abandoned spillway, at
least in the sampled area, was occupled by a shallow, eutrophic,
probably areally restricted pond containing abundant aquatic vascular
plants and filamentous algae supporting a relatively diverse aquatic
insect fauna. Hygrophilous vegetation was present in some of the pond
marginal areas, although open, muddy shores were also common, Marshy
areas were prohably present adjacent to the pond, but essentially
treeless, open-ground habitats characterized the regicnal setting im the
Puerto Octay area.

Insufficient information is avallable regarding the meaning of the
specles asscciations and ecological requirements of the heetle species
recovered from interval 23 through 10 to make an unequivocal statement
about the climatic conditions during that time. The absence of arboreal
beetle taza, occurrence of copen-ground forms and low beetle diversity
may indicate that treeless conditions in a tundra enviromment existed in
the site area between 18,000 and 16,000 years ago. It is equally
plausible, however, that the heetle assemblage may represent an early
seral stage of blotic succession into the area. Heusser's (1974) pollen
disgram from the Puerto Octay sectien provides additional

paleoenvironmental information. It 18 difficult to ascertain from the

R
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diagram why he divided the 18,000 to 16,000 yr B.P. interval into two,
L~5 {lower) and T.-4 {(upper), pollen zones, The nonarboresl component of
the spectra is consistently hiigh (80 ro 90 percent) throughour the
entire interval and no major shifts In the percentages of other taxa are
noted in the diagram, He interpreted the pollen spectra of zone T-4 to
indicate a climatic amelloration and advance of beech forest around
Puerto Octay even through the values for Nothofagus were extremely low
aud only traces of other tree pellen were present. In contrast, he
interpreted the low values of Nothofagus in zone L-5 (even through the
valueg were sligholy greater than in zone L-4) to indicate a return of
climate to glacial conditions, There is no indication from the beetles
that climatic amelioration occurred or that trees invaded the Puerto
Octay area during depogition of zone I-4, 71t is suggested here thar
there is little evidence of thils in the pollen record either, and it is
proposed that the pollen diagram indicates, similar to the beetles, that
essentially treeless, perhaps tundra, conditions prevailed throughout
the 18,000 to 16,000 year period.

It should be pointed out that Heusser had only one date, 17,370 yr
B.P., from the base of the Puerte Octay section on which te base his
interpretations. He believed that the upper boundary of zone L-5 dated
from 12,000 yr B.P. because he correlated, by pollen stratigraphy, the
Puerte Octay section with more well-dated sequences at Alerce located
about 10 km northeast of Puerto Montt (Heusser, 1966a). The correlation
provaﬁ to be inaccurate because the assumed date of 12,000 yr B.P. for
the top of zone L-5 is much younger than the radiccarbon date of 16,000

yr B.P. ohtained during this study from about the same stratigraphic
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position. Furthermore,.ﬁeusser (19?4}hcorrelated the Puerto Gctay'L—4
and L-5 zomes with pollen zones L~4 and L-5 at the Puerto Varas Railroad
Site; correlatlon of the pollen spectra from the two sites is diffilcult
to accept because zone L~4 at the Puerto Varas Railroad Site contains
about 68 percent Nothofagus pollen, whereas zone L-4 at the Puerto Octay
S5ite contains only about 19 percent. Arboreal percentages are also much
greater in the Puerto Varas Railroad L-5 zone than in zone L-~5 at Puerto
Octay, Tf the 16,000 yr B.P. date is accurate for the top of zone L-5
at Puerto Octay, both pollen zones L-5 and L-~4 at Puertoe Octay are older
than the basal sediments at the Puerto Varas Railroad Site and
corraelation is not possible.

The 60-cm thick section within interval 9 through 4 is bracketed by
the dates of 16,000 yr B.P. and 1,190 yr B.P, Thig modest amount of
sediment depcsited over a considerable length of time implies that a
hiatus exists somewhere within the interval or that the sectlon is
compressed, probably as a result of very slow sedimentation rates, or
both, About 16,000 years ago the eastern outler (Rio Petrohue) of Lago
Llanquihue opened (Mercer, 1976), resulting in a fall of lake level.
Perhaps the Puerto Octay pond also drained at that time leaving very
little water in the channel., A depositional hiatus may have resulted
and sedimentation rates would have declined, The meager fossil evidence
suggests that the site was, at least at times, hygric but apparently did
not support an aquatic insect fauna or provide a depositional
environment for terrestrial beetles. éonsequently, no paleoclimatic

Information is avallable from the Puerto Octay Site from the 16,000 to

1,190 yr R.P, time period. Heusser {1974) divided the porticn of the
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ollen
Puerto Octay section equivalent to interval @ through & into two P

zones, L-6 and L-7. He inferred, as a result of the previously
mentioned miscorrelation to the Alerce sequences, the base of zone L-6
{top of the zone L-5) to be 12,000 vears old. TIn addition, he
interpreted the top of zome L-6 to be 11,000 years old and the top of
zone L-7 to date frow 10,000 yr B.P, The radiocarbon date of 1,190 yr
E.P. obtained duriﬁg this study was from about the same stratigraphic
level as Heusser's Inferred 10,000 yr B.P. date. Pollen zone L-7,
inferred by Heusser to span the 11,000 to 10,000 yr B.P. time interval,
is particularly important because he interpreted the spectra from the
zone to indicate a major climatic deterloration during that time, A
discussion of the importance of the incompatibility of Heusser's pollen
stratigraphy correlations and radiocarbon chronology for this eritical
time period wﬁil be deferred until later.

Beusser {1974} named the upper 30 cm {interval 3 through 1) of the
Puerto Octay sequence pollen zone P-1, Beatle assemblages from the
interval reflect deposition in a marshy environment surrounded by a
falrly diverse floral community. Climatic conditions were probably
similar to those of today. Heusser's pollen diagram of the interval,
dottinated hy arboreal and aquatic plants, 1s consistent with the
interpretation. However, Heusser thought, again because of pollen zone
correlation with sections at Alerce, that the interval was deposited
between 10,000 and 9,000 vr B.P., and he believed the record to indicate

early postglacial invasion of tree taxa intoc the Central Valley, In

actuality, the sediments were deposited after 1,190 vears ago.




PUERTO VARAS PARK BITE
Location, Site Description, and Radiocarbon Chronology

The record of post-late glacial maximum ice-marginal fluctuations
in the Lake Region 1s documented along the southwest margin of Lago
Llanguihue (Figures 1 and 4). In and near the c¢ity of Puerto Varas,
peat is overlain by lake sediment., Five such sequences have been
identified, of which two were sampled for this study. The peats
represent times of low lake level when organic sediments accumulated at
elevations as low as 60 m (10 m above present lake level) around the
borders of the Puerto Varas embavment., Advancing ice blocked the
eastern outietrof Lago Llanquihue, the Rio Petrohue, resulting in lake
level rise and cessation of peat accumulation. Mercer {1976) proposed
that the sedimentary sequences are evidence of one advance culminating
about 13,000 years ago. He later revised the date of the culmination to
about 14,500 yr B.P. (Mercer, 1984a). Porter (1981), however, in
consideration of elevational and age differences of the peats, suggested
that 2 more complex history of ice-marginal fluctuations is indicated by
the drowned peats and postulated two epilsodes of advance, one
culminating about 15,000 to 14,500 years ago and the about 13,000 vears
ago. The Puerto Varas sites are significant because it is {mportant to
deﬁermine the time of the last glacial advance or advances inte the

Reglon, Determining the tiwming of the last glaclal advance

-~ 102
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would provide a datum point for interpreting the rapidity of
deglaciation and presumably the rate of climatic amelicration in the
Reglon.

The Puerto Varas Park Site {Figures 1, 4, 8, 9 snd 10), 3
north~facing roadcut, is exposed in Bella Vista Park, The site is
located on route CH225 about 200 m east of the Bella Vista Hotel between
Puerto Varas and the village of Puerto Chico (lat. 4#1°19'10"S., long,
72°58'30"W.). Approximately 10 m of sand, Interpreted to be a lahar
deposit by Porter (1981), overlies at least 25 cm of laminated
lacustrine s1lt in the upper part of the section (Plate 1 and Table 10).
The lahar 1s in turn overlain by about Z m of tephra and loess. Beneath
the lacustrine silts, at an elevation of 60.1 m or 9.1 m above present
lake level, 1s a peat horizon 10 cm thick (Porter, 1981). TIn excess of
2 m of lacustrine silts and clays occur beneath the peat, The
lacustrine silts were barren of fossil beetles and only the peat-horizon
was sampled. A radiocarbon date (Flate 1, Table 10 and Appendix D) of

14

15,715%440 ~°C yr B,P. (GX~5275) was obdtained for the upper 5 cm of

peat.
Analyeis of the Fossil Assemblages

Representatives {Plate 1} of three orders of insects and ome order
of arachnids were ldentified from the two (PV1 and PV2) samples

collected at the Puerto Varas Park Site, No mollusks or ostracods were

found in elther of the samples.
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Figure 8. Photograph of the Puerto Varas Park section exposed in Bella
Vista Park taken from the north across route CH225. Allan Ashworth
(kneeling) is examining the 15,700-year-old peat horizon. Most of the
overgrown sediment above the peat is lahar and beneath it lacustrine
clays. Left to right are: Allan Ashworth, Howard Mooers, Judy Mercer,
Jane Soons and John Mercer.,

,'. ‘ _.‘.N '?"
b o SHERN -
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Figure 9. Photograph of Allan Ashworth sampling the Puerto Varas Park
peat horizon. Route CH225 and Lago Llanquihue are in the background.
Howard Mooers is assisting Ashworth.
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Figure 10. Photograph of part of the section at the Puerto Varas Park '

Site showing the upper peat horizon (dark) and underlying lacustrine
clays. Tape is 65 cm long.

s
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Table 10.| Lithologic description of the Puerto Varas Park Section.

Location., North-facing roadcut on highway CH225 about 200 m east of the
Bella Vigta Hotel, Puerto Varas {(lat. 41°19'10"S., long. 72°58'30"W.).
Excavation made at Bella Vista Park (Figure 4).

Sample
§ﬁmg

Hot sampﬁed

Not samplled

1-2 -

i

Hot samyied
Not samplled

Not sampled

Base of Excavation

Description

Covered interval consisting mostly of
mediuym sand containing angular grains
of various lithologiles.

Dark gray {7.5Y 3/2), rhythmically
bedded silt.

Very dark grayish brown (2.5Y 3/2),
peaty silt. Under Sigm {sample 1)
dated at 15,715%440 ¢ vr B.P.
(GX~5275).

Dark grayish brown (2.5Y 4/2), slightly
sandy silt.

Gray, finely laminated, rhythmically
bedded silt, :

Covered to road level

Thickness
{cm)

approx. 1000

25

10

20

90

approx. 250
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he 302 identifiable beetle fossils recovered from the Puerto

Varas Park Site (Table 4 and 11), 302 (100 percent) were identified to

family, 2
least 2ﬂ

terrestri]

55 {84 percent) to genus and 171 (57 percent) to species.

At

species representing 10 beetle families, both agquatie and

al, were recognized, WNinety-three percent of the taxa were

identifimd by direct compariseon to spacimens collected during the medern

faunal SL
{Table 6)
percent ¢
percent

The

assemblag

rvey.

The assemblages were dominated by five beetle families
. Twenty=~six percent of the gpecies were curculionocilds, 22
arablds, 15 percent pselaphids, !l percent hydrophilids and 7
taphylinids.

two samples collected at this site possessed similar

es of beetles but the upper sample was slightly more diverse,

The assemblages were characterized by low species and family diversities

but high

the hyduoe

numbers of individuals, particularly, the carabid Agonum sp. 2,

philid Hydrochus stolpl, and the curculionid listroderes

dentipe

is (Plate 1). Other significant beetle taxa particularly

weevils, lwera also found in the samples,

XQQ%
Hymenopéé
Park Site
wére fﬂﬁl
diversity
and only
Maéropiw

1}

to {denti

ndd .

egsentatives (Table 7) of two orders of insects, Trichoptera and
ra, including Formicidae, were reécvered from the Puerto Varas
in addition to the Coleoptera. Of the arachnids, only mites
As with the beetles, the upper sample exhibited a greater
of other insect groups than the lower sample. No arachnids

Trichoptera were recovered from the lower sample (Plate 1).

t fossils were observed in the samples but no attempt was made

fyv them,




Table 11. Tabla indicating the number of identifiable beetle fossils recovered by sample from the

pera—Yaras te—ard e—rrombrecand-perTet - of thefossttstdenrifted to Tamt Ty, genus, and
species. The aable alse shows the minimum number of identified taxa and the number and percent of taxa
identified to genus and species Iin each sample, BSee Plate | for stratigraphic pesition of each sample.

Total
Number of Total Total Total Minimum Number (%) Number (%)
Tdentifiable Number(%) Rumber{%) Number (%} Number of of Taxa of Taxa
Sample Beetrle Tdentified TITdentified Identifiled Tdentlfied Tdentified Tdentified
Number Fossils to Family to Genus  to Species taxa to Genus to Species
1 204 204 (100} 166 {81) 07 (48} 25 16 (64) % (36)
2 98 98 (100} 89 ((91) 74 {76) 15 10 (67} & (27

TOTAL anz 302 (1060) 255 (84) 171 (57)

~g01~
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The beetle asgembiage from sample FV1 was subjected to cluster

analysi to determine its similarity to fossil assemblages from
differézt ages and other localities and to beetle faunas living todav
(Appeniix A) im the Lake Region., Assemblage PV1 (15,700 yr B.P.)
grcupe% with the basal Rio Caunahue beetle assemblage from sample PDé&
(IZ,SO&yr B.P.} to form subcluster Fl {(Figure 11). This association is

somewhal misleading, however, because the PD6 assemblage is actually

more siﬁilar to the beetle assemblages from Rio Caunahue samples BS-A3,
42 and PPO as seen on the trellis diagram. This illustrates the

usefuiné s of the trellis diagram in comparing samples between clusters.
E

blages 1n subcluster ¥, show similaritiea to beetle faunas in

The assé 1

Bicassoelation IT. The PD6 agsemblages 1s, however, about equally
similar (to beetle faunas in Bloassoclations IT and III and shows little
resemblgace to beetle faunas in Bloassoclations IV and V, whereas, the
PV1 ass%mblages is most similar to beetle faunas in Biloassociation II
and shoéﬁ little Tesemblance to beetle faunas in Biloassociation ITI, IV

and V.
Palecenvironmental and Paleoclimatic Interpretations

The

15,700-year~o0ld Puerto Varas Park assemblages are less diverse
than, esﬁeciaily in aquatic insects, but similar to the assemblages

recovered| from Puerto Octay interval 23 through 10 (18,000 to 16,000 vrs

H

B.P.). %1& peaty nature of the sediment and presence of caddisflies and

Enochrus,|including E. vicinua, indicate that either an areally

restrictgd, quiet, shallow pond or marsh existed at the Puerte Varas

Park Site|15,700 years ago. Emergent vegetation, reflected by the
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EXPLANATION
DICE COEFFICIENT (%}
B 51-60
¥ a-s0
= 31-40
fa] 21-30
g n-20
le] 1-10
Mo
LARGE NUMBERS ALONG DIAGONAL ARE MODERN FAUNA COLLECTING
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od o L L

o[HHIE

aiatalg.

&
e;" i

clojola

olojo|niolojDja(D

&
a";b H

alojglalnlal.

T O E oo oo o

f?nHHHH?:

a
L3

a
»

2]

o|o|of{alo]a{o]alalofelals]a]o
ojolo|o]clc|ololc]cH[w][R

HIE

a

litolale]a

]

Hiclale]ola{HIEIRIH

o,olc[HH
X[=HIH HHHla]aHIH

L=

Rifo|elojo|e|o|H
HIEIHIHIE]=]ETH

olojojo

Hiw[sln[HTHIH|a KIE

Hin[E|m

F

IEIEHADENCIEHEREE D ELE
H{Hlc[H[= ala HIHIE[HIn]w]a]=]H

Ib

poialojo
ajo/ojajo

HIE[H]»
s|o

T

REEE i 100

BER:HAEE

-
]
o

L]

on
»

Hls|»[HIclHIE
olofo[n[o

His
HIH

[:]

]
olg
2]

F2

olo|alala|e[]]

Qo
Dj{oja(a|o

Hlo

=[a[H]a

oan
=]

an

e

o

T

F1

H[s[=[H]

s

Hlolalolalalclolc[E]e[a]o]e
o[o]H[ola[a{BlHis[e]ala[c]c]o
Hiolo]a[a[alHIH »[a[c[H]a]c]c]m
H{olojalalolH
Hio[o[H[o|cioio[Halo

2] =]

-]

o|a|ajaa[a[alH|alH][H

Eui
oloiHi=

&
o

a
a

Ta

et
a &

o
o

u|o|o|a|ofc{o[cfaTalH{H[e]a]o]c]e]s

o
a
o
-]
=]

o[olalRlalH

o[H H[=]=[H
FRGEEIE

a
a
=]
o

b
=]

&

n] n'}- 3

=]
-]

Figure 1]
{dendrogy

beetle~f.
Appendix
1 for st
measured
collecti
parenthe
matrix i
explanat
The majo
assembla
by patte
explanat

. Similarity matrix (trellis diagram) and binary tree

am) showing patterns of similarity among 41 present-day,

una, collecting localities and 9 fossil assemblages. See

A for locations of modern fauna collecting localities and Plate

atigraphic position of the fossil assemblages. Similarity is

by Dice's Coefficient. Large numbers along diagonal are

g localities or fossil sample numbers, small numbers in

es are taxa collected. The pattern of each square in the

dicates the degree of similarity, as depicted 1in the

on, The dendrogram shows the order of clustering by WPGMA,
groups {clusters), I-V (modern fauna) and F, and F, {(fossil

es), are indicated to the left of the matrix and aré separated

ns on the dendrogram. See text and Appendix A for further

on and interpretations.
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scydmaenids, scarabaeids and abundant coccinellids, grew in the marshy

site srea. Water-marginal areas, inhabited by the cgrabids, Bembidion,

B. marginatus and Agonum, including A, sp. 2; Gymnochthebius

id); Hydrochus stolpi (dytiscid) and Stenus (staphylinid), were
, at least in part, muddy, open and bare. No strictly arboreal
ere found but sparse, shrubby vegetation, possibly including

8 antarctica may have existed near the site supporting Dasydema

{eurenlionid) and the melandryid, Orchesia sp. 1. The ground-
fauna was depauperate, consisting of the pselaphids,

Dalminfomus, Achillia, and Tyropsis; Listroderes (curculionild),

including‘g, dentipennis and cf. Creobius eydouxi (carabid). More than

one species of Listroderes occurred in this interval, but L.
dentipennis, found in comparatively high pumbers, was, by far, the
dominant speci;s in the assemblages, As stated earlier, the occurrence
of L. deptipennis in abundance, as weli as the presence of other
Listrodelres, suggests that open-ground, probably treeless, conditions
existed in the site area, A similar setting is suggaﬁtad by Listronotus
bonariensis (curculionid) because today the species lives in open, damp
places where its larvae mine grass stems {Kuschel, 13982},

Becpuse the Puerto Varas Park and Puerto Octay interval 23 through
10 assemplages are similar, it is inferred that similar environmental
and climhtic conditions existed at the two sites during their respective

times of] deposition. The climate and environment of the Central Valley,

reflects
appear t

by the

i by the 18,000- to 16,000-year-old Puerto Octay assemblages,

» have been stable until at least 15,700 yr B.P., as indicated

ierto Varas Park fossils., HNo information wss gained from the




-112=

Puerto Varas Park assemblages to either strengthen or preclude the
gspeculation that tundra conditions existed in the Central Valley between
18,000 and 15,700 years ago. As with the Puerte Octay assemblages, most
taxa recovered from Puerto Varas Park either occur below 150 m in the
Lake Region or range to or extend above timberline (Tables 4, 12, and
13). Again the only conclusion that can be drawn from the data ig that
open~ground habitats dominated the reglonal setting in the Puerto Varas
Park area 15,700 yvears ago.

To test the interpretation, the Puerto Varas Park assemblage from
sample PV] was subjected to the clustering procedure outlined
previcusly, As shown in the trellis diagram {(Figure 11}, the assemblage
is most similar to the beetle faunas of Bioassocation TI, those living
in disturbed lowland forest habitats, and exhibits very little
similarity in specles composition to f@ﬂnas in Bioassociation III, IV,
and V. This corroborates the inference that open-ground conditions were
necessary for exdstence of the beetle fauna living the Puerto Varas Park
area 15,700 yvears ago, Because open-ground conditions exist today in
the Central Valley as a result of recent anthropogenic disturbance of
natural forest habitats, it seems logical to suppose that climatic
conditions were roo severe to support a well developed floral and
assoclated beetle fauna 18,000 to at least 15,700 years ago. However,
the Puerto Varas Park assemblages and, as shown earlier, tﬁe Puerto
Octay assemblages, are significantly different than the alpine tundra

beetle faunas living in the Reglon today. This is confirmed by cluster

analysis because the PV] assemblage 1is only slightly similar in species
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composition to faunas of Biocassociation V., Asg with the assemblages from
the 18,000 to 16,000 yr B.P, Fuerto Octay interval, the Pyerto Varas
Park assemblages could indicate either severe climatic conditions or

represent an early seral stage of biotic succession.
Discussion

The 15,700-vear-old Puerto Varas Park beetle assemblages are
similar to the 18,000 to 16,000 yr B.P. Puerto Octay assemblages.
Open~ground, treeless, perhaps tundra habitats appear to have existed in
the Central Valley from at least 18,000 to 15,700 vears ago. But, as
with the Puerto Octay assemblages, the Puerto Varas Park fossils may be
indicative of an early seral stage of biotlc succession into low
elevation areas in the Lake Region and not severe climatic conditions.
Ko pollen diaggams have been published from the Puerto Varas Park Site.

Interpretation of the depositional history of the Puerto Varas Park Site

will he included with discussion of the Puerto Varas Railroad record.




PUERTO VARAS RAILROAD SITE
Location, Site Description, and.RadiocarbOﬁ Chronology

The Puerto Varas Railrocad Site (Figures 1, 4, 12, 13 and 14) is a
north~facing roadcut on route V-55 {Calle San Jose) on the western
outskirts of Puerto Varas beneath the railway bridge (lat. 41°18°50"S.,
long. 72°59'20"W.). Approximately 440 cm of poorly consolidated sand
and silt (Plate 1 and Table 14) overlie a 10 cm thick peat horizon at
the site. The peat is at an elevation of 66.2 m or 15.2 m above present
lake level (Porter, 1981). Heusser (1974) described the stratigraphy
and pollen sequence of the site, interpreting the sande and silts to be
volcanic ash, lapilli, and tuff. They wevre later interpreted to be
lahar deposits (Porter, 198l). Heusser (1974) encountered 240 cm of
gvttia underlain by gravel beneath the peat horizon. Reexcavation
during this study exposed 150 cm of gyttja beneath the peat before
digging was terminated. The gyttja and peat were sampled for beetle
fossils,

A date of 14,060:450 %

C yr B.P, (GX-5507) was obtained from the
peat (FPlate 1, Table 14 and Appendix D), This date 1s consistent with
others, 13,300:550 iéC yr B.P. (GX-2947) (Mercer, 1976) and 14,250%400
14C yr B.P, (GX-2948) (Heusser, 1974) for the horizon. Adequate organic
matérial was not avallable to obtaln a radlocarbon date from the basal

part of the sequence. However, in an earlier study, Mercer (1972a,
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Figure 12, Photograph of the north-facing Puerto Varas Railroad Site

roadcut exposure taken from across Calle San Jose. The photograph shows {

the railroad bridge abutment, concrete retaining wall and lahar

deposits, vegetation covered, above the peat. Peat horizon is being a

examined by Allan Ashworth (left) and Howard Mooers (right). [
|
|
|

Figure 13. Photograph of the writer excavating the Puerto Varas
Railroad Site. Dark horizon at the top of the excavation is the
14,000-year-old peat.




Figure 14. Photograph of the excavated Puerto Varas Railroad Site ‘
section. Dark horizon at top is peat underlain by gyttia to the bottom

of the section. The tape is 170 cm long from the top to the bottom of
the photograph.




~115=

Table 14. Lithologic description of the Puerto Varas Railroad Section.

Location. North~facing roadcut on highway V-55 (Calle San Jose)., West
gide of Puerto Varas (lat. 41°18'50"S., long. 72°59'20"W). Excavation
made at intersection of V-35 and rallway overpass {Figure 4},

Sample Description Thickness
Numbers (cm)
Not sampled Very poorly sorted, massively bedded, 120

medium sand with angular to subangular
grains. Rare pebble~size clasts.
Grains and clasts of mixed lithologies.
Partially indurated.

Not sampled Buff to yvellow silt with plant fragments. 30

Not sampled Very poorly sorted, massively bedded, 286
medium sand. Grains subangular and of
mixed lithologies, Less consolidated
than upper sand unit.

1 . Feat with 1arg?Awood fragments dated 5-10
at 14,060%450 ~ 'C yr B.P, (GX-5507).

2-12 Dark brown (10YR 3/3) to dark grayish 150
brown (lOYR 4/2), organic-rich, silty
clay {gyttja). Limonitic staining in
upper part. BRhythmically bedded.

Base of excavation
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1976) reported an age of 16,270£360 14C yr B.P. (RL-113) for a piece of
wood collected from a depth of about 80 cm below the bottom level In
this study. The beetles recovered from the site provide a

paleoenvironmental record from about 15,000 to 14,000 years ago.
Analysis of the Fossil Assemblages

Fossil recovery was poer from the Puerto Varas Rallroad Site.
Representatives (Plate 1) of only one order of Insects, Coleoptera, and
one order of arachnids, Acari, were recovered from the twelve samples,
Ne mollusks or ostracods were found in any of the samples,

0f the 99 1dentifiable beetle fossils recovered from the Puerte
Varas Railroad Site (Tables 4 and 15), 96 (97 percent) were ldentified
to family, 78 ﬁ?Q percent) to genus and 63 {64 percent) to species. At
least 22 species representing 4 beetle familles were recognlzed.
Kinety~-five percent of the taxa were identified by direct comparison to
specimens collected during the modern faunal survey. All of the specles
found are consldered to be terrestrial, Forty-five percent of the
species were curculionids (Table 6), 32 percent carabids, 14 percent
staphylinids and 9 percent scarabaelds,

Although the sparse assembhlage was rather evenly scattered
throughout the 1.6 m section, the upper peat sample had higher diversity
and greater numbers of fossils than the lower samples. The only species
that ccecurred consistently throughout the sequence was the weevil,

Dagvdema hirtella. Even though the assemblages were impoverighed,

HENerous, sighificaut specles were present, Of these, four curculionid

specles, Paulsenius carinicollis, Erirrhinoides unicolor, Aegorhinus




Table 15, Table indiecating the number of identifiable beetle fossils recovered by sample from the
Pyerto Varas Railroad Site and the number and percent of the fossils identified to family, genus, and
specles. The table also shows the minimum number of identified taxa and the number and percent of taxa
identified to genus and species in each sample. See Plate 1 for stratigraphic position of each sample.

Total
Number of Total Total Total Minimum Number (2} Number (%)
Identifiable Number(%) Number(%) Number(®) Number of of Taga of Taxa
Sample Beetle Identified Identified Tdentified Identified Jdentified Tdentified
Number Fossils to Family to Genus  to Species taxa to Genus to Specles

1 25 24 (96) 21 (84) 18 (72) 9 8 (&7) 3 (33)

2 & 6 (100) 5 (83) & (67) 5 4 (BD) 3 (&)

3 ) 5 (83) 4 (67) 2 (3% 5 4 (B0} 2 (40
4 4 4 (100) 3 (75) 0 (0) 3 2 (67) 0 (0y .

5 1 1 (100) 1 {100y 1 {100} 1 1 (108) 1 6100)
6 5 5 {100) 5 (100) 4 (BO) 4 4 (100) 3 (75}

7 t] 0 o (0 0 (M 0 I D

8 2 2 (100) oy 0 (O 1 0o 0 (0}

9 g g (100} & (44) 4 (44) 3 2 {67 2 (67)
10 25 24 (96) 21 (84) 19 (76) 5 4 (80) 3 {(60)
11 g8 8 {100) 7 (8B) 7 (88) 3 2 (7)) 2 (87}
12 8 8 (o0 7 (B8) 4 (50) 5 4 (80) 2 (40}
TOTAL 99 96 (97) 78 (79) 63 (64)
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vitulus bulbifer and Acalles tristis, were not found in any of the other

three sites studied.

The impoverished nature of the assemblages is exemplified mot only
by the low diversity and numbers of Coleoptera fossils butr also by the
lack of other insects in the sediments., ¥ot even the generally
ubiquitous caddisflies were found, In addition, mites, usually common
in Quaternary lacustrine sediments, were found only in the upper peat
horizon. Macroplant fosslls were observed only in the peat but no

attempt was made to ldentify them.
Paleoenvirommental and Paleoclimatic Interpretations

Although the 15,000~ to 14,000-yvear~old beetle assemblages
recovered from the Puerto Varas Railroad Site contain species also found
in the Puerto Varas Park and Puerto Octay interval 23 through 10
assemblages, they are, in some respects, notably different than the
older assemblages., For example, no aquatic insect fossils were found in
the Puerto Varas Rallrosd sediments, even though the organdc rich silts
and overlying peat imply deposition in an aquatic envicvonment., As
discussed earlier, a number of possible sitnations could have inhibited
develo%ment of an aquatic insect community. It is uncertain what the
cause was at the Puerto Varas Railroad Site, nevertheless, very little
information is available to speculate on conditions of the aguatic
habitat, The site was, however, apparently marshy because of the

occurrence of Erirhinoides unicolor {curculionid) which is, according to

Kuschel (1982), found today in open-ground, more or less swampy areas.

The carabids, Agonum and Pelmatellus, and the staphylinid, Stenus, also
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indicate hvgric condicions at the site,
Terrestrial components of the assemblages do, however, give some
indication of the regional palecenvironment of the area.
Ground~dwelling species found were the carabids, Cfeobius and

Bradycellus (Liccellus) sp.; the staphylinids, Anotylus chilensis (Plate

7, Figure 6) and cf. Baryopsis araucanus; and the weevila, Listroderes

dentipennis, Paulsenius carinicollis and cryptorhynchines, including

Acalles tristis. Most of these taxa are eurythermic and cosmopelitan,

but L. dentipennis, A. tristis, P, carinicollis, and as mentioned before

E. unicolor, indicate that open—ground habitats were prevalent near the
site. Unlike the Puerto Varas Park and 18,000~ to 16,000~year-old
Puerto Octay assemblages, arboreal taxa, the polyphagous carabid,
Aemalodera and the more fastidious weevils, Aegorhinus, including 4.

vitulus bulbifer, cccurred in the Puerto Varas Railroad assemblages.

The latter species is almost always found on Nothofagug and, as noted by
Ruschel (1951}, prefers K, dombeyi. The shrubs, Berberis and Ribes,

probably grew in the area because Berberidicola exaratus (weevil)

thrives on Berberis (Kuschel, 1974), but was also found on the currant,

Ribes, during the survey of the existing fauna, Dasydema hirtella,

because it occurs on almost all kinds of plants, may also indicate
forest foliage. Because of the co=-occurrence of both open-ground and
arboreal taxa, it seems likely that stands of trees and shrubs, in a
parkland setting, existed in the marshy site area about 15,000 to 14,000
yeérs ago.

Almost all of the taxa recovered from the Puerto Varas Railread

Site are eurythermic, extend to treeline in the Lake Region today
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(Tables 4, 12 and 13}, and have broad latitudinal ranges in southern
South America. Only circumstantial paleoclimatic interpretations are,
therefore, obtainable from the assemblages. The open—ground conditions
that dominated the Central Valley between 18,000 to 15,700 yr B.P.,
continued through the 15,000 to 14,000 year time interval. 1t is
suggested, however, by the occurrence of arboreal taxa in the Puerto
Varas Rallrcad assemblages, that conditions were conducive for growth of
trees and assoclated shrubs between about 15,000 and 14,000 vears ago.
If the older Puerto Octay and Puerto Varas Park assemblages reflect
tundra habitats, it is proposed that between about 15,004 and 14,000
years ago climatic conditions had ameldiorated sufficiently to permit
invasion of tree—-dwelling taxa into the Central Valley. However, the
Puerto Varas Railrpad assemblages of mized open~ground and arboreal taxa
could represang a more advanced seral stage in a biotic succession that
may have began about 18,000 years ago in the Central Valley. Although
species diversities, In each ssmple, were too low to use cluster
analysils to determine similarities between the Puerto Varas Railroad
assemblages and existing Lake Region beetle faunas, the species
associlatione are similar to those observed in Biocassociatlon IV-—heetles

1living today in the subalpine forest.
Discussion

The depositional environment at the Puerto Varas Railroad Site,
between about 15,000 and 14,000 yr B.P., did not support an aquatic

insect community and, consequently, little information is available

regarding the lacustrine conditions at the site. The co=cccurrence of
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open—~ground and arboreal beetle species in the fossil assemblages
indicates that the site was in an area of cpen-ground with stands of
trees, mostly Nothofapgus, and shrubs probably in a parkland setting.
Either climatic conditions ameliorated sufficlently between agbout 15,000
and 14,000 yr B.P, to permit invasion of arboreal biota into the Lake
Region or the assemblages of mized ecological indicators reflect
continuation of bictic succession that had hegun prior to 18,000 yr B.P.
in the Central Valley. Pollen spectra from the bottom portion of the
section analyzed for beetles are dominated by Nothofagus (up to 68
percent} (Heusser, 1974}, Nothofagus decreases to a2 low of 23 percent
in the upper part of the senquence but the percentage of arboreal pollen
throughout the entire Puerto ¥aras Railroad section is greater than in
the 18,000 to lﬁ,OGO yr B.P, interval at the Puerto Octay Site.
Heusser's pollen diagram appears consistent with the interpretation,
based on beetle fossils, that between about 15,000 and 14,000 years ago
the Puerto Varas Railroad Site was in a grassland containing patchés of
trees and shrubs,

The numerous, but laterally and vertically (only 5 to 15 em thick)
restricted, peat deposits (including those at the Puerto Varas Park and
Puerto Varas Rallroad sites) accumulated in depressions or channels on a
lacustrine terrace arcund the Puerte Varas embayment during a low water
phase of Lago Llanquibue whep the easteyn outlet to the Rio Petrohue was
opened, presumably as a result of glacial recession (Porter, 1981). The
Rio ?etrohue flows into the tidewater Fiordo Relomcavi, Lage Llanquihue

could not drain via the outlet until the Fiorde Reloncavi was nearly

ice~free (Mercer, 1976). Deposition of lacustrine sediments over the
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peats has been taken as evidence for closure of the eastern outlet by
advancing ice and subﬁeéuent termination of peat ferﬁation by rising
lake level (Mercer, 1976; Porter, 1981). Mercer (1972a} initially
believed rhat the eastern outlet was dammed by ice about 14,800 years
ago because off the age (14,8201230 1&6 yr B.P.) of the peat horizon at
Calle Santa Rosa and concluded that the shores of Lago Llanquihue were
submerged at virtually the same time up to the level of the western (Rio
Maullin) outlet (Mercer, 1976). A date of 13,300:550 ‘4c yr B.P.,
obtained later from peat at the Puerto Varas Railroad Site (Heusser,
1974), prompted Mercer (1976) to revise his date for the damming of the
eastern outlet and final major readvance into the Lake Region to about
13,000 yr B.P. As a result of fairly recent field work, especially on
Isla Chiloe, Mercer (1983, 19B4a} reconsidered the timing of the last
glacial readvaéce and reverted to his earlier view {although for
different reasons} that the fipal incursion of glaciers into the Central
Valley occurred between 15,000 and 14,500 vears ago.

Porter (1981) carefully resurveyed the peat horizons in the Puerto
Varas embayment and determined that they occur at different altitudes
although all are vertically within 6 m of one another. He plotted the
ages, plus one standard deviation, of the peats as a function of
altitude and postulated that the resulting sinuous curve indicates two
episodes of advance culminating about 15,000 to 14,500 vr B.P. and
shortly after 13,100 yr B.P., separated by a brief period of lake-level
lowering, presumably caused by opening of the eastern ocutlet as a

consequence of glacial receasion. Porter stated, however, that his

Interpretation of two advances is predicated on the assumptions that
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bath the altitudes and radiocarbon ages of the peats at the Bella Vista

1
Bluff (13,965+225 14G yr B.P.), Calle Santa Rosa (14,820:230 6C yr

B.P.) and Bella Vista Park (15,715%440 140 yr B,P.) sites are different.
According to his survey, the three sites differ in elevation by less
than 2 m. Although he defended the accuracy of his survey, he did mot
rule out the possibility of differential postglacial uplift resulting
from igostatic recovery. In addition, and somewhat surprisingly, he did
not consider the possibility of differential tectonic sctivity in that
area with known tectonic instability. He further questioned his
postulated recession between the two advances after the late-glacial
maximum by pointing out that at two standard deviations the radiocarbom
dates for successive pairs of sites are statistically identical and
could be interpreted as a simple curve indicating a continuously rising
lake level caused by a single blockage of the eastern outlet by
advancing ice prior to 15,000 vrs B.P. This interpretation would be
consistent with Mercer's (1983) later view and, as will be shown later,
consistent with interpretations from this iInvestigation.

The scenarios presented by Mercer {1976, 1983) and Porter (1981},
for the depositional history of the sedimentary sequences exposed around
the Puerto Varas embayment, are based on the agsumption that changes in
Lago Llanquihue water levels were caused by the opening and c¢losing of
the eastern cutlet as a result of glacier fluctuations. Mercer (1976)
dispelled Briiggen's early suggestion that volcanic mudflow deposits were

the damming agent, not glacial ice, of the eastern cutlet but also noted

that no end moraines have been discovered in the Lago Llanquihue area to
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document the final readvance., He did, however, speculate that the
glacier may have reached a band of undated moraine ridges about 25 km
east of Puerto Varas and inferred that the readvance did not reach the
western shore of Lago Llanquihue. Apparently, glacial lobes (Rupanco,
Puvehue, and Ranco} located farther north in the Lake Reglon did extend
to the western margins of their respective lake basing during that time
{Mercer, 1976). Porter (1981), at variance with Mercer, believed that
the final readvance of the Llanquihue Lobe reached the western margin of
the basin and formed kame terraces rather than end moraines along the
western and southern shores of the Puerto Varas embayment. Lake
sediments above the peat layers in the terraces along the western and
gouthern margins of the embayment are overlalnm by a series of lahars,
Porter argued that the lahars, presumably originating Irom eruptions of
Yolcan Calbuco; were deposited when the glacler abutted against the
western and southern margins of the Llanguihue basin because, if the
basin had been ice~free, the laghars would have flowed directly into the
lake adiacent te the voleano rather than along the top of the terrace,
Porter (1981) presented additional evidence for glacier fluctuations,
after the late-glacial maxiumum, In the vicinity of Punta Penas, just
west of Puerto Montt aleng the northern margin of Golfo de Reloncavi.
At that locality, organic sedimentation was terminated about 14,200 yr
B.P, by rising lake waters, presumably as a result of the Reloncavi Lobe
advance. Locally occurring dropstones in the lacustrine sedinents,

intercalated with the peat horizons near Puertc Varas, were also cited

as evidence for damming of the eastern outlet of Lago Llanguihue by




glacial ice (Mercer, 1976; Porter, J281), Both authors interpreted the
dropstones to indicate that a calving glacier terminus was located
within the Llanguihue basin but probably well east of Puerto Varas. The
most direct and compelling attestation for a final late-glaclal advance
in the Lake Region was presented by Mercer (1983, 1984a) from Isla
Chiloe. At Dalcahue, on the east coast of Isla Chiloe, an end moraine
of outwash sediments beneath till covers peat. Dates from the peat were
intrepreted by Mercer to indicate an advance of the Reloncavi Lobe from
the mainland onto Isla Chiloe about 15,000 to 14,000 years ago.
Interpretations of the glacial and climacic history of the Lake
Region after the late glacial maximum rely heavily on the record of
evants from seéimegtary gsequences located around the Llanguihue basin.
The arguments presented by Mercer (1976) and Porter (198l) for the
opening and clgéing of the eastern outlet and resultant raising and
lowering of lake level by glacial getivity are persuasive but more field
work and additional radiocarbon dates are needed to completely rule
out other possible causes, such as outlet damming by volecanic debris or
differential tectonic movements in and around the basin, for those lake
level fluctuations. If glaclial advance was the causge of lake level
rise, the eastern outlet would have had to been closed ashout 15,700 yr
B.P. to terminate peat accumulation at the Puerto Varas Park Site. The
Puerto Varas Park beetle record may indicate tundra conditions at that
time and would be consistent with the Interpretation of glacial advance

resulting from a deterioration of temperatures. However, the Puerto

Varas Rallroad beetle assemblages and pollen spectra Indicate that
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conditions had ameliorated sufficiently by at least 15,000 yr B.P. to
permit arboreal biota to invade the ares, implving that the inferred
climatic deterioration was an ephemeral event. There is no indication
from the Puerto Varas Railroad beetle assemblages or, as will be
discussed later from the Rio Caunahue record, that a second and later
glacial readvance, as proposed by Porter (1981}, occurred in the Lake
Region. The drowning of the peats around the Puerte Varas embayment was
probably caused by continuously rising lake level due to damoming of the
eastern outlet by one glacilal event about 15,700 vears ago. Additional

comparison of the Puerto Varas beetle records and interpretations of the

timing of glacial activity in the Lake Region will be presented later.

i




RIO CAUNAHUE SITE
Location, Site Description, and Radlocarbon Chronology

One of the most complete postglacial sections exposed in southern
Chile is a southeast-facing cutbank {Figure 15) of the Rio Caunahue
located in the Andean foothills (Figures ! and 4) near the northeast
corner of Lago Ranco f(lat. 40°07'55"S., long. 72°14'20"W.). The
exposure is situated about 3 km north of where route T-55 crosses the
Ric Caunahue and about 1.5 km below the confluence of the Rio Caunahue
and Estero Chalchaguen in an area of slightly disturbed Valdivian Rain
Forest. Although the cutbank is several hundred metres long, most of it
is either overgrown or covered by alumg blocks (Figure 15). Sample
collecting was concentrated in the area of greatest vertical exposure
(main section), but cutcrops 500 m upstream {section A) and 100 m
downstream {section B} from the main section were also sampled. The
ancillary sections were correlated to the main section by radiocarbon
chronology and by comparing volcanie ash horizons, Approximately 13 m
of gently dipping, laminated silts and clays intercalated with numerocus
organic laminze and tephra horizons {Plate 1 and Table l6) are exposed
gbove river level and below a prominent terrace (Figures 15, 16, and
17). The terrace, lowest of three mapped in the walley, is 150 m in
ele&ation or 85 m above lake level., It ig capped by 2 m of fluvial

gravels simillar to those in and on the shores of the river below.

»
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Figure 15. Photograph of the southeast-facing Rie Caunahue cutbank
exposure taken from across the river. Arrow points to the area sampled
for this study. Much of the sampled section had been slumped over the
time this photo was taken by Allan Ashworth in February, 1983. Note the
great thickness of lacustrine clays overlain by terrace gravels,

.‘:. ¢‘
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Figure 16. Photograph showing part of the Rio Caunahue section. This
area of the exposure consists of lacustrine clays except for the light,
volcanic ash horizon (center). The ash is about 10,500 years old and

sediments at the base of the section were deposited about 12,800 yr B.P.
Allan Ashworth is seen taking notes.
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Figure 17. Photograph of part of the sampled sequence at the Rio
Caunahue Site. The volcanic ash horizon being pointed out by Allan
Ashworth is,the same one seen in Figure 16. Note that some of the
lacustrine clays, especially just above the ash, are rhythmically
bedded.
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Table 16. Lithologic description of the Rio Caunahue composite section.

Location, South-facing cutbank exposure along the Rio Caunahue about 5

km east of Lago Ranco (lat., 40°07°55"S., long. 72°14'20"W.).

Excavation

made about 1.5 km below the confluence with Estero Chaichaguen

Figure 4).
Sample Description Thickness
Numbers fcm)

Not sampled

Mot sampled

BS&A3-Al

Not sampled

1-8

10~-22

Covered interval

Very coarse grained river terrace
gravels, Hard pan limonitic
surface at base (erosional surface).

*Very dark grayish brown (10YR 3/2)
rhythmically bedded silty clay.
Occasiconal laminae of carbonized
plant debr}i. Sample BS dated at
4,5252145 C yr B.P. (GX—SSI?Z.
Sample Al dated at 5,220+240 " °C
vyr B.P. (GX-6503).

Covered interval

Very dark grayish brown (10YR 3/2)
rhythmically bedded silty clay.
Occasional laminae of carbonized
plant debris. Rare lapilli grains
and wood fragments. Sample 3
(20-30 cm below terfﬁce gravels)
dated at 7,730+220 ~°C yr B.P,
(GX-5502).

Similar to above with a 1 cm thick
light yellow, silty sand lamina at
base and a thin light gray lamina of
volcanic ash 5 cm above base.

Very dark grayish brown (10YR 3/2)
rhythmically bedded silty clay.
Occasional laminae of carbonized

plant debris. Wood fragments common.

Scarce lapilli grains. Sample 21
(200-210 cm below te{zace gravels)
dated at 10,000%280 C yr B.P.
(GX-5503).

approx. 200

200

approx. 200

unknown

80

10

130
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Table 16. (Continued)

Sample ‘ Description Thickness
Numbers {em)
23 Similar to above with two laminae of 10

limonitic stained silty sand at base,

24-26 Very dark, graylsh brown (10YR 3/2), 130
rhythmically bedded, silty clay,
Oceasional laminae of carbonized
plant debris. Wood fragments common.
Sample PDO (330 cm below terrgce
gravels) dated at 10,440%240 ~ C yr
B.P. (GX-6508),

37 Prominent light gray volcanic ash 1.5
horizon.
38-PD6 Very dark grayish brown (10YR 3/2), 180

rhythmically bedded, silty clay. Occa-
sional lawinae of carbonized plant
debrls, volcanic ash laminae, and thin
sand partings. Sample PD1 (395 cm be}gw
tetrace gravels) dated at 11,2902250 ~ C
yr B,P, (GX~6507). Sample 42 (420-430 cm
leow terrace gravels) dated at 11,680+280
C yr B.P., (GX-5504). Sample PD3 (430 cm
?ﬁiow terrace gravels) dated at 12,140%390
C yr B,P. (CX-6508). Sample PD4 (445 cnm
R&iaw terrace gravels) dated at 12,385%£340
C yr B.P. {CX-6505), Sample PD6 (535 cm
?giow terrace gravels) dated at 14,6352440
C yr B.P. (GI-6504)%%,

Base of excavation (1978 river level).

*
Upper part of section, samples BS&A3-Al, collected about 500 m

upstream from main section and correlated with main section by
radiocarbon dating.

*

*
A second date of 12,8102190 140 yr B.P. (I-12995) was obtaifned

from the PD6 Interval and is probably a more accurate age.
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Approzimately 2 m of soll occurs above the gravel, The basal 4 m of
silt and clay are inorganic and are underlain by gravels consisting of
angular to rounded boulders of mixed igneous lithologies, The laminated
silts, organic laminae, and tephra horizons below the terrace gravels
and above the inorganic silt and clay were sampled,

The lacustrine sediments and asgoclated organic debris and tephra
horizons were deposited in a narrow embayment of Lago Rance that
oceupied the lower reaches of the Rio Caunahue valley after the glacier
had receded from the lake basin into the mountains. Lake level, at thar
time, was apparently about 150 m higher (elevation of the highest
terrace) than today. Partial, perhaps catastrophic, drainage of the
lake in the late Holocene and subsequent fluvial erosion has exposed the
sequence.

Fifteen radiocarbon dates, ranging from 4,525+145 lﬁc yr B.P.
(CX~3510} to 13,900+580 148 yr B,P, (GX~9979) were obtained from the
site for this study (Plate 1, Table 16 and Appendix D). Sample PD6, the
basal sample analyzed from the Rio Caunashue Site, produced a date of
14,635+440 14C yr B.P. {(0X-6504). The date was considered suspect
because it appeared toe old relative to the well known chronology of the
area and 80 a second sample from the same stratigraphic level was
submitted for radiocarbon analysis. The 14,635 yr B.P. date was
rejected in favor of the second date of 12,810+190 I&C yr B.P. (I-12995)

hecause the latter more accurately fit the chronology and, more

gpecifically, because the PD6 sample is 76 cm stratigraphically above a

wood sample dated at 13,900£36D léC yr B.P. (GX¥-9979).
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Samples (B1-B3), from section B, produced anomalous dates. The
dates were reversed, with the older coming from strata higher in the
section than the younger, Because the section was not structurally
aberrant, the problem probably resulted from laboratory error either in
sample pumbering or confusion at the dating facility. The three dates,
all within one metre of section, centered arcund 10,500 yr B.P. and were
statistically about the same at two standard deviatious. It was
decided, however, that the fossil assemblages from these samples,
although they are almost ldentical to 11,000~ to 10,000-year~old
assemblages from the maln section, would not be included, only briefly
mentioned, in analysis of the Rio Caunahue record. The beetles from the
particularly important Rio Caunsahue Site provide a palecenvirommental
record from 12,800 to 4,500 vears ago,

It should be noted that the Rio Qaunahue Site had been cempletely
alteredrbetween 1979 and 1983 as a result of slumping and continued
fluvial erosion (Ashworth, 1983). Erosion had, by the latter time,
exposed more lacustrine sediments and underlying gravels thereby
providing additional data for iInterpretation of the depositional history
of the site.

Hausser {1981) described the stratigraphy of the site and presented
a pollen diagram for part of the section. His results will be discussed

in a later section.
Analysls of the Fossil Assemblages

By far, the greatest number and highest diversity of insect fossils

recovered during this study were from the Rio Caunahue Site.
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Representatives of eight orders (Plate 1) of insects and three orders of
arachnids were identifled from the fifty-two samples. One ostracod and
one immature gastropod, the only ones found during this investigation,
occurred Iin sample PDC. No artempt was made to identify them.

Of the 4,586 ldentifiable beetle fossils recovered from the Rio
Caunahue Site (Table 4 and 17), 4,129 (90 percent) were ldentified to
family, 2,698 (59 percent) to genus and 1,783 (39 percent) to species.
At least 241 specles representing 44 bheetle families, both aquatric and
terrestrial, were recognized. Eighty-four percent of the taxa were
ldentified by direct comparison to specimens collected during the modern
faunal survey. Although diversity was high at the family level the
assemblages were dominated by three beetle families (Table 6), Sixteen
percent of the species were staphylinids, 15 percent curculionids and
14 percent ca?abids.

Although taxa diversity was greatest in interval Al through BS-A3
and interval PD& through 17, the relative balance of ecological types
remained essentially consistent throughout the 5.5 m section (Plate 1).
Diversity differences observed between specific stratigraphic intervals
in the sequence will be discussed later. Beetles from numerous families
assoclated today with rain forest habltats occurred consistently
throughout the sectlon and were represented by arboreal, understory
shruk, forest floor, decaying wood and fungus taxa. Aquatic taxa were
rare, scattered throughout the sequence and dominated by rumning-water
species of the family Elmidae except in the top sample, BS-A3, and the

basal sample, PD6, where standing-water forms were present. Shoreline

taxa {(e.g., certain carabids and staphylinids} and specles occurring om




Table 17, Table indicating the number of f{dentifiable beetle fossils recovered by sample from the Rio

Caunahue Site and the number and percent of the fossils ildentified to family, genus, and specles. The

table also shows the minimum number of identified taza and the number and percent of taxa identified to
genus and epecles In each sample, BSee Plate | for stratigraphic position of each sample.

Total
Number of Total Total Total Minimum Number (%) Number (%)
Identifiable Number{(Z} Number(%) Number(®) Number of of Taxa of Taxa
Sample Beetle Identified Identified Identified Identified Tdentdfied Identified
Number Fossils to Family to Genus  to Species taxa to Genusa to Species
BS-A3 615 530 (86) 376 (61) 394 (48) 119 B7 {73) &8 (57)
A2 298 262 (88) 159 (53) 110 (37 B4 53 (63) 39 (46)
Al 788 251 (87) 184 (64) 130 (45) 80 59 {74) &4 (55)
1 13 13 (100) & (46) 4 {31) 6 4 (67) 3 (50)
2 & 5 (83) 3 (50) 1 (17 4 2 (0 1 (25)
3 23 21 {91) 12 (52) 9 (39) 10 7 {7 4 (40}
4 21 17 (81) 8 (38) 4 {19) 11 6 (55) 4 (38)
5 12 10 (83) 5 {(42) 2 {17} 10 5 (50) 2 (20)
6 10 9 (90) 2 (2m 1 (10} 5 2 (&0 1 2m
7 10 8 (80) 3 (30) 2 (20) 6 3 (503 2 (3
B 13 12 {92} 4 {31) 2 (15} 7 4 (57) 2 (29)
9 15 14 (93) 6 (400 3 2o 9 6 {67 3 (3
10 10 7 0m 3 (30) 2 {20) 5 3 (60 2 (40}
11 11 9 {82} 3020 2 {18) 7 3 {41 2 {29)
12 22 19 (8s6) 6 (27) 2 (9 16 5 (50) 2 (20)
13 12 12 (100) 6 (50) 2007 6 3 (50) 17
14 12 12 (100) & (50) 3 (25) 9 5 (58) 3 (33
15 5 5 {100} 4 (80) 2 (40) 5 4 (80 2 (&M
16 18 17 (94 9 (50} 6 (33) 9 5 (56) 4 (&44)
17 69 65 (94) 27 (39) 15 (22) i3 14 (42 12 (36)
18 29 27 (93) 12 {41 8 (28) 13 9 (69) 5 (38)

—6ET~



Table 17, {Continued)
Totsl

Number of Total Total . Total Minimun Number {%) Number (%)

Tdentifiable Number(%) Rumber(%Z) Number(%) Number of of Taxa of Taxa
Sample Bectle Identified Identi{fled Identified Identified Identified Tdentified
Number Fosslls to Family to Genus to Speciles taxa to Genus to Species
19 40 37 (93) 20 (30) 10 (25) 1& i0 (63) 6 (38)
20 28 25 (B9) 15 (54) 9 (32) 14 10 (71) 6 (43)
21 54 50 (93) 32 (59) 16 (30) 26 20 (77) 13 (50)
22 15 14 (93) R (53) 5 (33) 11 7 (64) 5 (45)

23 5 5 (100} 3 (60) 0 (0) A 3 (75) 0o (0)
24 15 15 {100) 7 (47) 3 (20) 10 & (60) 3 (30)
25 18 17 (94) 6 (33) 5 (28) 13 6 (46) 5 (39)
26 14 14 (100) 4 (29) 1 (7} 5 3 (60) 1 (20)
27 95 87 (92) 51 (54) 38 (40) 49 27 (55) 23 (4
28 25 25 (100) g (38) 5 {20) 17 g (53) 5 (29)
29 31 28 (9m 16 (52) 14 (45) 12 9 (75) 7 (5B)
30 54 47 (87) 24 (44) 15 (28) 24 15 {63} 10 (42)
31 38 35 (87 16 (&) 0 (27 18 13 (72) 10 (56}Y
32 27 27 (100) 19 (70) 6 (22) 13 9 (69) 5 (38)
33 31 30 (97) 15 (48) 12 (39} 14 10 (71) 7 {50
DD 246 275 (92) 133 (62) 88 (36) 60 47 (78) 28 (47)
34 26 23 (88)Y 15 (58) 9 {35) 16 10 (63) & (38
a5 26 24 (92) 11 (42) 8 (31 i1 & (55} & (36)
36 35 30 (86) 17 (49) 14 {40) 16 12 (7%) 9 (56}

37 0 0 (0) 0 (0) 0 () 0 o (0 U (0))
38 48 45 (94) 23 (48) 18 (38) 17 10 (39) 7 (41)
39 35 21 (89) 15 (43) 9 (28) 13 8 (62) 5 (38}
D1 199 176 (88) 121 ¢(61) 72 (38) 55 35 (64) 23 (42)
40 19 19 (1003 11 {58) 8 (42) 11 8 (73) 5 (45

04T~



Teble 17, (Continued!}

Total
Number of Total Total Total Minioum Number (%) Mumber (%)
Identifiable Number(%) Number(%) Number(%) Number of of Taxa of Taxe
Sample Beetle Identifled Tdentified Identified Tdentified Tdentified Identified
Number Fosslls to Family to Genus  to Specles taxa to Genus to Speciles
D2 191 175 (92) 125 {65)% 65 (34} 57 43 (75) 23 {443
41 125 116 (93) 72 (58) 53 (42) 39 25 (64} 16 (318
42 929 834 (90) 615 (66) 429 (463 108 84 (78) 54 (50)
PD3 296 271 (92) 185 (63) 105 (35) 68 48 (71) 29 (43) I
PD4 169 156 (92) 103 (61) 65 (38) 47 34 (72) 22 47y =
PDS 68 67 (99) 51 (75) 37 (54) 30 22 (73) 12 (40 %
PDE 172 . 156 (91) 92 (53) 50 (29 61 44 (723 30 (49}

TOTAL 4586 4129 (90) 2698 (59) 1783 {39
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emergent vegetation (e.g., helodids and various coccinellids) were
fairly common throughout the section.

Representatives of seven orders of insects (Table 7), in addition
to Coleoptera, were identified. They are: Plecoptera (stoneflies),
Hemiptera, including Saldidae, Homoptera, specifically Cicadellidae,
Neuroptera, including Corydalidae (dobson flies), Trichoptera; Diptera,
including Chironomidae, and Bymenoptera, including Formicidae. The
three arachnid groups present were the Chelonethidar(pseudoscorpions),
Acari, and Araneida. These additional insect and arachnid fossils

occurred consistently throughout the sequence but, like the beetles,

j=u

were more abundant in interval Al through BS5-A3 and interval PD6 throug
17 (Plate 1). TUnidentified macroplant fossils and charophyte oogonia

were common in the section but less abundant in interval 16 through 1.

Isoetes savatieri was found only in the bottom two metres.

The beetle assemblages from eigh£ Rio Caunahue samples (Table 2),
ranging in age from 12,800 to 4,525 yr B.P., were subjected to cluster
analysis to determine their similarity to fossil assemblages from
different ages and other localities and to beetle faunas living today
(Appendix A) in the Lake Region. Seven of the assemblages were from the
critical 12,800 to 10,000 yr B.P, late-glacial time interval.

A number of factors are responéible for the disparity in species
diversity observed between the fossil assemblages. The most obvious is
merely a sampling artifact related to the amount of material available
fdr processing. For example, the high numbers of species present in

samples BS-A3 and 42 in attributable, at least in part, to having larger

sediment samples than the other Rio Caunahue samples. This is not to
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representative assemblages. Even though most of the diversity

differences are artifactual, the assemblages adequately reflect past

environmental conditions in the site areas at their respective times of

depesition. Some samples were, in additifon, obviouwaly richer in overall

biotic content than otherse, This may be associated with changes, at
various times, in diversity of micrchabitats proximal to the basin of

deposition or in the dynamics of the depositional system. In contrast

as shown earlier, the low diversity of the Puerto Varas Park assemblapes

is helieved to reflect the depauperate nature of the beetle fauna livir
in the site area 15,700 years ago.

The relative faunal similarities between the 41 modern fauna
enllecting localities and the nine fossil assemblages 1s shown in the
trellis diagrém and dendrogram presented in Figure 11. It was assumed
that introduction of fossil assemblagés into the clustering program
would alter the groupings obtained from analyais of the modern fauna
(Figure A7) because of anticipated similarities of some of the fossil
assemblages with contemporary faunas from specific collecting
localities, This was not the case, and the exact bicassociational
groupings of the modern fauna were malntained because the fossil
assemblages, surprisingly, formed their own cluster {(group F in Figure
11}, These results indicate that the nine fossil assemblages are more
gimilar in faunal agmpagiﬁicn to one another than to the contemporary

faunas, Taphonomic intervention is probably at least partially

responsible for this observed phenomenon.

imply, however, that the other samples were of inadequate size to yield

4

g
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OFf particular Interest, from a palecenvironmental perspective, |is

that the assemblage of sample 42 (11,680 yr B.P,) 1is most similar tq the

assemblage of sample BS-A3 (4,525 yr B.P.) and that the assemblage of

sample PDO (10,440 yr B.P.) is most similar to the assemblage of sample
42. In turn, the assemblage of sample FD4 (12,385 vr B.P,) i=s most‘

|
similar to the assemblage of sample PDO. l
|

F

The cluster of the fossil assemblages includes twe subclusters, 1

and Fz. Subciuster Fi

PD6 (12,8G0 yr B,P.) and the Puerto Varas Park assemblage, PV! {15,7jG

consigts of the basal Rio Caunahue assemblageT

yr B.,P.). The other seven Rio Caunahue assemblages, ranging in age from

b

‘ |
2 |

The cluster of fossil assemblages, Flez, foins the mafor cluste#

|
consisting of Bioassociations II, III and Ib at about the 8 percent 1

4,525 to 12,385 yr B.P., comprise subcluaster F

level, indicating that the fossil assemblages have a number of specie%
in common with the faunas in those biloassociatlong. This broad
similarity is rather meaningless for palecenvironmental recanstructioLs.
However, dark regions on the trellls diagram indlcate that the fossill
assemblages in subcluster Fg are generally more similar to modern faunas
in Biloassocilation IIT and.show little resemblance to those in
Bivassoclations Ila, IV and V. The F2 assemblages are also similar tg

faunas in subclustar ITh, modern fauna collecting localities €l and P3.

The reason for this is that elmids, beatles living in rumming-warer

habitats and other stream-marginal species, found consistently in the E?

aszemblages were collected, almost exclusively, at localities €l and Pb‘

In contrast, the assemblages in subcluster Fl are most similar to faunas

in Bloassociation II. As explained earlier, the PDA assemblage is aboyt
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egqually similar to faunas in Bloassoclations II and III and shows little
resemblance to faunas in Bioassociations IV and V, whereas, the PV]
assemblage is most similar to faunas In Bioassociation II and exhibits
little similarity to faunas Iin Biocassociations I1I, IV and V. The
importance of the trellis diagram in determining relative similarities
between the fossil assemblages and medern faunas 1s evident. The

interpretations of these clustering results will follow later.

Paleocenvironmental and Palecclimatic Interpretations

Interval PD6 through 17 (12,800 to about 9,500 vr B.P.)

The beetle assemblages from iInterval PDé through 17 and the other
Rio Caunahue inte%vals discussed later are signlficantly different than
those recovered from the Puerto Octay and Puerto Varas sites. The most
apparent difference 1s the high numbers and diversity of obligate
woodland taxa, 1llustrated by the assemblages from interval FD6 through
17, found 1p the Rio Caunahue deposits. However, shallow-water, agquatic
beetles were scarce in the interval, represented by only one dytiscid,
Lancetes, in sample PDI. Shallow-water beetle taxa (e.g., the
hydrophilid Enochrus, including E. vicinus) were more common in the
basal, 12,800 vear old sample, PD&. The fact that the sediment is
rhythmically bedded indicates deposition in relatively deep water in a
reasonably large lake, Lacpstriﬁe beetles most frequently inhabit
gquiesceant, shallow-water areas near the shore. Their remaing arve seldom
carried to deeper depths, and this undoubtedly explains their scarcity

in the sediments of the interval. Other apparently more easily trans-

ported shallow-water indicators {(e.g., caddisflies, chironomoids and
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charophyte oogonis) were, however, consistently found in high numbers.
Laminae of organic debris, the numercus species of stream—dwelling

elmids, Austrolimnius {e.g., A. chiloensis, Plate 6, Figure 6J,

Stethelmis, and cf. Hydora annectens, and abundant stoneflies and dobseon
flies in interval PD6 through 17 indicate that flood waters periodically
discharged into the lake. The staphylinid, Carpelimus, may alsc
indicate a similar getting because Puthz (1981) noted Iits preference
today for riparian hahitats., The noteworthy absence of elmids,
stoneflies and dobson flles in sample PD6 will bhe discussed later. The
influence of fluvial systems is, at least in part, responsible for the
diversity of terrestrial beetles found in the interval from which a
great deal of regional palecenvironmental and palecclimatic information
was obtained for the 12,800 to 9,500 year period.

The numerous hygrophilous shoreline taxa, Including the carabids,

Bembidion (e.g., B. cf. posticalis and B. setiventre), Trechisibus

nigripennis Group, Irirammatus (e.g., T. (Ferionimorpha) sp. 1), Agonum,
Bradycellus (e.g., B. (Stenocellus) and B. (Goniocellus)), and

Pelmatellus (gensu lato) sp. 1; the hydrophilid, Hydrochus stolpi; and

the staphylinids, Thinodromius, Stenus (e.g., §. chilensis), Loncovilius

(Lienturius), Cheilicolpus and Nomimocerus marginiecollus, imply that an

array of microhabitats, marshy to bare, open and muddy, fringed the
lake, FEmergent vegetation, growing near the margins, provided habitats

for staphylinids, helodids (e.g., cf. Microcara and Prionccyphon),

alticine chrysomelids, coccinellids, Hypenotum (cantharid),

Strichtoptyophus ¢f. brevicollis (anobiid) and Pseudochrodes suturalls

(cryptophagid). The weevil, Notiodes, living today on aquatic and
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semiaquatic vegetation (Fuschel, 198la), also indikates that a
relatively diverse aquatic fleora was present,

The consistent occurrence of organic laminae pontaining macroplant
fossils, including leaves, twigs, and seeds, and fprest~dwelling beetle
taxa, indicates that a dense forest existed near the lake and probably
extended to its shoreline. The unumerous polyphagous, forest-dwelling
beetles recovered from the interval that occur today in the Valdivian
Rain Forest on a variety of both trees and understory vegetation

include: the carabld, ¢f. Aemalodera centromaculata; the staphylinid,

Leucotachinus luteonitens (Plate 7, Figure 4); the |scarabaeid,

Sericoides (e.g., S. Eiridis}; the elaterids, Deromecus and cf. Medoniay

the lampyrid, Pyractonema nigripennis Group; the cantharid,
|

Plectocephalon testaceum {(FPlate 6, Figure 7): the atabiid, Caenocara
(Plate 3, Figure 3); the trogositids, c¢f. Diontolobus sp. 1 and cf.

Diontolobus sp. 2 (Plate 4, Figure 3); the nitiduiiL, Perilopsis flava

(Plate 3, Figure 4); the coccinellids, Orynipus and Sarapidus cf.

australis; the salpingid, Cycloderus rubricollis;: the melandryid,

Orchesia sp. 13 the chrysomelid, Pachybrachis; and the weevils, Dasydems

hirtella, Neopsilorhinus and Psepholax dentipes. The abundant

leafhopper and Hemiptera fossils also indicate a well established forest
proximal to the site of deposition,
An insight into the specific composition of the forest vegetation
was gained by the many strongly host-specific beetle taxa in the
agseﬁbl&geg. Evidently, the southern beech, ?othcfak&a, and quite

‘ i
probably more than one species, were the dominant trees in the forest

similar to today's Valdivian Rain Forest. Reetle taxa recovered from
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during the survey of the existing fauna, include: ¢

carnifex (Plate 4, Figure 1); the elaterid, Semiotus

the interval, that were found exclusively or most commonly on Nothofagus

he carabid, Abropus

luteipennis; the

bius chilianus and

nitidulid, Cryptarcha sp. 1; the coccinellids, Rhizo

Strictospilus darwini (Plate 3, Figure 2); the anthr

parvulus; and the weevils, Nototactus angustirostris

ibid, Ormiscus

,» Polvdrusus

nothofagi, Nothofagobius brevirostris, Epaetius caripulatus (Plate 7,

Figure 5), Erirrhininae n, sp. 1 and Erirrhininae n.

weevils, P. nothofagi, N. angustirostris, Erirrhinin

Erirrhininae n, sp. 2 were also noted by Kuschel (19

Nothofagus. Nothofaginus lineaticollis (weevil), al

only by trampling water-marginal vegetation during t

modern fauna is found on Nothofagus pumilic and N. d

1952, 198la). The weevils, Wittwerius longirostris

and Allomagdalis cryptonx and the nemonychids, Rhych

2, Of these

. sp,
pe n, sp. 1 and

50, 1979) to prefer
though collected

he survey of the

pmbeyv] (Kuschel,

el

e g

{(Plate Figure 3)

itemacer flavus

(Plate 6, Figure 5) and R, fuscus were not collected
but FKuschel {(1981la) stated that they are host-specif
Other trees in the forest surrounding the site proba
winteri, reflected by the occurrence in this interva

Brachpterus n. sp. (Plate 6, Figure 2}, and Laurelia

during the survey,

ic on Nothofagus.
bly included Drimys

1 of the nitidulid,

serrata as

indicated by the weevil, Tartarisus signatus (Plate

latter, according to Kuschel {1952}, is commonly abu

species. Saxegothasea may also have been present in

6, Figure 4). The
ndant on that plant

the forest because

8. darwini and N. brevirostris, although more frequently found on

Nothofagus, was also collected on Saxegothaea during

survey,

the modern faunal
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The understory flora were apparently equally as diverse as the
arboreal component of the forest. The bamboo-like plant, Chusquea, was
probably growing in the forest as reflected by the occurrence of

Micronotum nodicorne (cantharid), Dasvtes haemorrholalis (melyrid),

Aridius heteronotus (lathridiid) and Vincenzellus (salpingid). The

cerambycid, Hoplonotus spinifer, perhaps indicates the presence of

Flotovia acanthoides. The occurrence of Pseudopanax laetevirens is

guggestad by the weevil, Lophocephala fasciolata. The chrysomelid, cf,

Crepidodera sp. I and the attelabids, Eugnamptoplesius violaceipennis

and Minurus testaceous (Plate 8, Figure 6) were found almost exclusively

on Fuchsiaz during the survey, implving the presence of that plant in the

forest. Voss (1951), however, noted the preference of those attelabids

for Myrceuginella, Myrceugenia and Amomyrtus. The coceinelldd, Adalia

kuscheli, the chryscmelid, Strichosa eburata and, according to Kuschel

(1979), the weevils, Berberidicola exaratus and B. crenulatus, are found

today almost exclusively on Berberis, suggesting its presence in the
flora. Ruschel {1952) noted that the pollen-feeding weevil,

Rhopalomerus tenuirostris (Plate 7, Figure 2) occurs on a great number

of flowering plants including the shrubs, Baccharis spaerocephala and

Caldeluvia paniculata and the tree, Eucryphia cordifolila, perhaps

indicating that one or all of these plants grew in the forest.

A well developed forest, probably with a dense canopy, is also
indicated by the forest—~floor and other highly speciplized
forest~dwelling heetles., The following ground-dwelling taxa from the
interval characteristically live in the Valdivian Rain Forest today:

the trachypachid, Systoloama brevis; the carabidg, Ceroglogsus, Creocbius
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eydouxi, Trechimetus striatulus (Plate 8, Figure 1), Parhypates and

Metius; the leicdids, Dgsypelates, Eunemadus chilensis (Plate 7, Figure

1), Colon and cf. Nechydrobiusg; the elaterid, Negastriua; the

staphylinids, Gypholoma pustiliferum (Plate 6, Figure 3), Omaliopsis,

Barvopsis araucanus (Plate 4, Figure 4), and Neophomus bruchii (Plate 7,

Figure 3); the pselaphids, Dalminiomus, Achillia and Tyropsis: and

cryptorhynchine (Plate 8, Figure 5) weevils. Thayer and Newton (1978)

observed that G. pustiliferum oceurs in Nothofaggs forest~floor, leaf

litcer. The abundance of ant, pseudoscorplon, and spider fossils also
indicate a diverse forest-floor fauna., Perhaps 1t should be noted here

that the open-ground-dwelling weevil, Listroderes dentipennls, was found

in the interval but only in the bottom sample, PD6. Its postulated
significance will be diascussed later. Of the highly speclalized

forest~dwelling species, Nothoderodontus dentatus (derodontid; Plate 3,

Figure 1), although rarely collected today and not collected during the
survey, 1s one of the most interesting. According to Lawrence and Havoo
(1979) the species has been found 1iviﬁg today only on Tsla Chiloe,

They suggested that it probably lives on molds growlng on and under the
bark of Nothofagus, similar to the New Zealand derodontid speciles.

Other species that apparently prefer living under the bark of trees or

in decaying wood are the lucanids, Sclerognathus bac¢chus and cf.

Sclerognathus femoralis. In addition, Coiffait and Saiz (1968}, found

that Pseudopsis cf. adustipennis (staphylinid) prefers to live in rotten

waood .

The forest was not only diverse in floral composition but must also

have been well established. This is confirmed by the numerous
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wood-~boring beetle taxa found in the interval, many of which apparently
prefer large dyving or dead, felled trees. These taxa Include

bostrichids and the scolytids, Pltycophthorus, Amphricranus, cf.

Corthvlus, Gnathotrupes (e.g., G. cf. sextuberculatus), and Phloeotribus

cf, spinnipennis (Plate 6, Figure 1). In additien, 0'Brien (1580}

stated that the weevil, Pentarthrum castaneum (Plate 2, Figure 2)
exhibits similar wood-boring habits as the bostricids and scolytids,
The apparent significance of the lack of scolytids and bostricids in
sample PDé will be discussed later.

The occurrence of the above~mentioned beetle taxa leaves little
doubt that a large lake with a forested margin existed at the Rio
Caunahue Site from 12,800 to about 9,300 vears ago., To test this
conclusion, assemblages from samples 2] {16,000 yr B.P,), 27
(approximately 10,200 yr B.P.), PDO (10,440 yr B.P.), PDI (11,290 yr
B.P.), 42 {11,680 yr B.P.}, PD4 (12,300 yr B.P,) and PD6 (12,800 yr
B.P.) were subjected to cluster analysis (Figure 1l) to determine their
similarity in species composition to beetle faunas living today at
specific localities in the Lake Region. Samples 21, 27, PBO, PR}, 42,
and PD4 formed a tight cluster, FQ’ indicating that the beetle faunas
living In the Rio Caunahue area were very similar throughout the 12,300
to 10,000 year time interval, This, in turn, implies that environmental
and climatic conditlons were reasonably stable during that time. Figure
11 also shows that these assemblages are remarkably similar to the 4,500

year old assemblage from sample BS~A3, The significance of this

chaervation will be discussed later. In addition, patterns within the
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trellis diagram indicate that the assemblages comprising cluster F, are
most similar to beetle faunas of Bioassociation IIT which inhabit the
Valdivian Rain Forest. Therefore, cluster analysis not only confirms
that envirommental and elimatic conditions remained reasonably
stationary betwen 12,300 and 10,000 vears ago, but alsc that the
climate, during that time, must have been similar to thase areas in the
lLake Region today inhabited by Valdivian Rain Forest biota. Additional
support for the interpretation, at least for the 11,000 to 10,000 year
period, was provided by the beetle assemblages from the three samples
collected at the Rlo Caunahue B section. The assemblapges were
essentlally ddentical to those from samples PD5 through 17. Tn
addition, the data in Tables 18 and 19, show that a very high percentage
of the tawa recovered from interval PD6 through 17 occur only between
the elevations of 200 to 1000 m in the Lake Region today.

The beetle assemblage from the basal, 12,800-year old sample (PD6)
requires a sliphtly different interpretation than the other assemblages
from the Iinterval. That assemblage differs from others in the interval
in having: {1) fewer forest-dwelling taxa; (2} more shallow-water
aquatic forms; (3) no stream~dwelling elmids; (4) no wood-boring
bostrichids and scolytids; and (5) the open-ground weevil Listroderes
dentipennis. The differences between these assemblages may reflect
either a shift in environmental conditicns or a change in the dynamics
of the depositional system at the site between 12,800 and 12,300 years
ago. The begtles provide evidence for both.

The higher diversity of shallow-water, aguatic, beetle tawxa in

sample PD6 compared to other assemblages in the Interval implies that
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the Rio Caunahue lake was probably shallower 12,800 years ago than

between 12,300 and 10,000 yr B.P. In addition, sediments at the bottom
of the section exhibit less distinct rhythmic bedding than those higher
in the sequence, suggesting deposition in shallower water. The absence
of elmids in sample PDS and fewer laminae of organic debris in the basal
po;tion of the sequence probably indicate that stream| flood waters were
not discharging into the lake as frequently durimg that time. The
relatively few numbhers and low diversity of forest-dwelling taxa in
gsample PD6 may have been caused merely by the absence|of a mechanism
{i.e., stream discharge) to transport terrestrial elements into the
basin of deposition. Shallow-water lacustrine conditions and apparent
decrease of fluvial activity 12,800 vears ago may Iindicate drier
climatic conditions during that time than betwen 12,300 and 10,000 yr
B.P, If that Qas the situation, moisture deficiency would have retardad
optimal development of forest and its ;ssociatad beetle fauna. Less
than optimal forest development 12,800 wears ago may also be reflected
by the absence of wood-boring scolytids and bostriciéé in the FD6
agsemblage. This is not meant to imply, however, that| terrestrial
vegetation was sparse in the Rio Caunshue Site area 12,800 years ago.
The PD6 assemblage is dominated by forest-associated bpetle taxa,
indicating the presence of both trees and understory shyubs but,
apparently, the forest was not as dense during that tipe as between
12,300 and 10,000 years ago. Indeed, tracts of open ground must have
exﬁsted in the forest 12,800 years ago as inferred by the occurrence of

Listroderes dentipennis in sample PD6. This interpretition is supported

by cluster analysis (Figure 11)}). When compared to beetle faunas living
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today in the Lake Reglon, the PD6 assemblage is about
species composition to faunas in Bioasseciation III (°

Forest) and Biocassociation II

confirms that forest habitats

12,800 years ago but that open—ground areas were also

Climatic conditions, although possibly somevhat

12,300 and 10,000 vr B.P. in the Rio Caunahue Site ar
say, the climate was temperate and humid and probably
Andes today. If the interpretation of the Puerto Var:

were sufficient to permit patchy forest growth in the

between about 15,000 to 14,000 years ago. The 12,800

assemblage may reflect continuing development of fore

Octay and 15,700~year-old Puerto Varas Park assemblag

Caunahue assemblages. If this is correct, the PDé asg

1llustrates that, although amenable climatic conditiog

with the climatic conditions,

Interval 16 through 1 (about 9,500 to about 7,500 yr §

{Lowland Disturhed Forest).

forest development indicated by the 12,300- to 10,000+

equally similar in

Faldivian Rain

The analysis

existed in the Rio Caunshue Site area

prevalent,

rier, were

apparently not significantly different 12,800 vears ago than between

a. That is to

not much different

than conditions existing in the Central Valley and lawer slopes of the
15 Railroad

asgemblages is correct, envirommental conditions in the Lake Region

Central Valley

tvear-old PD6

t habitats in the

Lake Region and perhaps marks a late phase in the continuwm from mostly

open—ground hahitats reflected by the 18,000~ to 16,000~year-~old Puerto

g to optimal
year-old Rio
emblage

s had been

established much earlier, the biota had not reached equilibrium

P2

A significant decrease in both the numbers of fos

sils and diversity
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of beetle taxa, from all ecclogical categories, was no
interval compared to the preceding, PD6 through 17 int
change, however, 1s gradational, and the boundary wag
o

transition becomes most evident. The upper boundary

ted 1in this
erval, This

chogen where the

£ interval 146

through 1 is an erosional unconformity between sparsgly fossiliferous

lacustrine sediments below and unfossiliferous fluvis
The rhythmic bedding of the lacustrine sediment and ab
water beetle taxa suggest that the lake was deep and p

extensive, Algae and other emergent vegetation grew [L
shallow-water, lake-marginal areas as reflected by thp
caddiflies, chironomids and charophyte oogonla in the
shoreline contained both marshy and muddy areas as in

occurrence of the carabid, Bradvcellus (Stenocellus)

staphylinids, Thinodromus, Nomimpcerus marginicollis,

chilensis.

the other taxa wmostly scavenge marshy shorelines.

1 gravels above,

sence of shallow~

robably areally
n the

abundant
deposits. The

Ferred by the

and the

and Rledius cf,

Bledius 1s a lake-marginal mud burrower (Herman, 1962} while

The scarcity of stream~derived organic-~rich lamigae in interval 16

through 1 1s apparently responsible for the notable ds
terrestrial taxa compared to interval PD6é through 17,
fluvial influence is also evidenced by the sparsity of

elmids {only one Austrolimnius was recovered from the

the iInterval) and dobson flies, A period of decreased
be inferred by this finding which, in turn, could sugg
forest~dwelling taxa lived adjacent to the site of dep

lowering of lake level would, presumably, also have ac

decrease in precipitation,

reraase in

The decrease of
stream~dwelling
basal portion of
precipitation may
est that fewer
osition., However,

companied a

As shown earlier, this was not the case.
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Indeed the beetles, even though not as common or diverse as in interval

Pné through 17, indicate that a dense, well-established forest existed

adjacent to the lake during that time. This Implies {
the depositional system, in this case an lnereased sed
and less frequent flood water discharge, resulted in f
beetles deposited in the area of the lake that was sulf
for this study.

The presence of a forest proximal to the slte of

indicated by the occurrence of the following beetle ts

on a variety of plants in the Valdivian Rain Forest:

hat a change in
imentation rate
ewer terrestrial

sequently sampled

deposition is
rxa that today live

Caenocara

(anobilid), c¢f. Diontolobus sp. ! (trogositid), Perilopsis flava

(nitidulid), Orchesia sp. ! (melandryid), cf. Crepido

{chrysomelid) and Dasvdema hirtella (curculiomnid).

era sp, |

e commonly

occurring leafhoppers and Hemiptera also Indicate abundant vegetarion

near the site. Nothofagus, reflected by the coceinel]

darwinl and the weevils, Polydrusus nothofagi, Wittme]

fid Strictospilus

rious longlrostris

and Erirrhininae n, sp. 2, wust have been a commonly
the forest. The existence of a well-established fore

the wood-boring scolytids, including Gnathotrupes and

spinnipennis. The forest floor was inhabited by the

(sensu stricto); the leiodid, Dasypelates sp. 1; the

Neophonus bruchi; the elaterid, Negastrius; the psela
and Tryopsis; crytorhynchine weevils, and ants, pseud
spiders‘

The fossil evidence indicates that no major envil

climatic changes occcurred between ahout 9,500 and aho

beceurring tree in

st iz confirmed by

Phloeotribus cf.

carabid, Parhypates
staphylinid,

phids, Dalminiomus

pscorpions and

ronmental or

aut 7,500 years ago
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in the Rio Caunghue area. It gppears that climatic conditions similar
to today, in the Rio Caunahue area, wers established by at least 12,800
years ago, and remained essentially stable until at least 7,500 yr B.P,
and, as will be shown below, probably much later. Although speciles
diversities in each assemblage of this interval were too low to test
this interpretation by cluster analysis, the data presented in Tables 18
and 19 show that most of the taxa recovered do not range above 1000 m in
the Lake Region today implying similar climatic conditions to areas

inhabited by the existing Valdivian Rain Forest biota.

Interval Al through BS-A3 (5,200 to 4,500 yr B.P.)

Although no palececological record is preserved younger than about
74500 yr B.P., at the Rio Caunahue main section, additional fossiliferous
lacustrine sediment, dating from 5,200 to 4,500 yr B.P. and cropping out
about 500 m upstream from the main section, escaped erosion and provided
an extension of the record. Unfortunately, no informatlon is available
for the 7,500 to 5,200 yr B.P. interval, As at the main exposzure,
stream erosion has truncated the top of the upstream sequence
terminating the Ric Caunahue record at 4,500 yr B.P. The beetle
assemhlages are remarkably similar to those recovered from interval Phé
through 17 and, consequently, reflect a similar palecenvirommental and
paleoclimatic setting. Cluster analysils confirms this similarity
because the B5-A3 assemblage clusters with assemblages from selacted

samples in interval PD6 through 17 (Figure 11). The beetle assemblages

from interval Al through BS~A3 are, however, more diverse than those
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from interval PD6 through 17 and provide additional palececological
information,

The aquatic environment at the Rio Caunghue Site may have been
glightly different between 5,200 and 4,500 years ago than between 12,800
and about 7,500 yr B.P. The rhythmic bedding of the sediments of
interval Al through BS~A3 indicates deposition in deep water similar to
interval 16 through 1 and, at least, the upper part of interval PD6

through 17. Unlike the lower intervalsg, however, the occurrences of the

dytiscids, Rhantus validus and Liodessus delfini, in interval Al through
BS~A3, suggest that ghallow water habitats with abundant aquatic plant
growth were not far removed from the site of deposition, probably
implying thar the sample site was somewhal closer to shoreline than the
main section, In contrast to interval 16 through 1, the numerous
laminae of crgénic debris and presence of elmids, including Neoelmis n.

ap. (Plate 8, Figure 3) and Hydora annectens (Plate 5, Figure 3), and

stoneflies and dobson flles in interval Al through BS-A3, indicate that
periodic fluvial discharge into the lake was prevalent betwean 5,200 and
4,500 vears ago. Both the beetle and nonbeetle taxa found in interval
Al through BS-A3, indicative of emergent flora in the shallow-water
areas, are essentially the same as those in interval PD6 through 17.

This is also true of the shoreline taxa, except for the addition of the

carablds, Gipsyella patagonica (Plate 8, Figure 2) and Metius sp. 1,

both of which prefer marsﬁy areas. Collectively, the shoreline taxa

suggest a variety of microhabitats around the margins of the lake.
The terrestrial beetle taxa recovered from interval Al through

BS~A3 are mostly the same as those from interval PD6 through 17 and
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indicate that a well-developed Nothofagus forest was present in the sire
area 5,200 to 4,500 vears ago. Beetle taxa not found in interval PD6
through 17 but recovered from interval Al through BS-A3, that live today
on numerous plants in the Valdivian Rain Forest, strengthen the

interpretation. These taxa are the carabids, Aemalodera centromaculata,

A. dentimaculata and Plagiotelum irinum; lucanids, Chiasognathus granti

and Sclerognathus caelatus; scarabaeids, Sericoides (e.g., 8.

chlorosticta); cantharids, Qontelus and Hyponotum cf. krausei

tenebrionid, cf. Adelium, and ocedemerid, Platylytra vitticollis.

Forest—floor dwelling beetle taxa where common in interval Al through
B5-A3 and were agaln the same as those collected from interval PDh6

through 17 except for Ceroglossus valdiviae (carabid) and cf.

Hydnoblotus {(leiodid) which were found only in Interval Al through
B5-A3. This 1is also true for the wood-boring beetles except for the
scolytids, Monarthrum (Plate 5, Figure 1} and cf, Araptus and the

weevil, Dryopthorus canus which were not present in interval PD6 through

17. The anobiids, Byrrhodes {e.g., Byrrhedes nigriceler), that live

today in fungal growths on trees in the Valdivian Rain Forest, were
recovered only from interval Al through BS5-A3. Although the forest was
evidently well-established and dense 5,200 to 4,500 vears ago in the Rio

Caunahue area, the occurrence of Listroderes dentipennis implies that

open patches existed in the forest.
The beetle assemblages from Interval Al through BS-A3 leave little
doubt that the Rio Caunahue lake was situated in a rain-forest setting

between 3,200 and 4,500 years ago. This interpretation is supported by

the data presented in Tables 18 and 19 which show that most of the rtaxa
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do not range above 1000 m, that is above the Valdivian Rain Forest in
the Lake Region today. Furthermore, cluster analysis shows that the
heetle assemblage from sample BS-A3, in addition to being very similar
to assemblages from interval FPD6 through 17, is similar in species
compesitlon to faunas 4in Bioassociation TII (Fipure 11). It 1s inferred
from these findings that climatic conditions, between 5,200 and 4,500 vyr
B,P., were not significantly different than areas In the Lake Region
gecupied by the Valdivian Rain Forest today. Thess conditions evidently
remained reasonably stable from 12,800 to 4,500 vyr B.P., excluding the

7.500 to 5,200 vear perlod of no record.

Discussion

The Rio Caunahue section was exposed only to the 12,800 yr B,P.
level (sample fDB) during the final (1979) visit to the site for this
jinvestigation. An additional 5 m of 1écustrine sediments was exposed
beneath sample PD6 when Ashworth revisited the site in 1983. Although
most of the newly exposed section consisted of inorganic silts and
clays, Ashworth located an organic horizon, the basal plant debris

14C yr B.P.} horizon in the Rlo Caunahue sequence, 76 cm

(13,900 = 3540
below sample PD6. The discovery and radiocarbon dates of these older
lake sediments have caused a reevaluation of the inferred glacial
history of the Lago Ranco basin and consequently the entire Lake Region.
Mercer and Laugenie (1973) mapped the end moraines west of Lago Ranco
and estimated the inner (eastern), undated, moraine ridge to have heen

deposited 14,500 to 14,000 vears ago, implying that the basin was

ice-filled at that time. They also inferred that the glacier had
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retreated out of the basin by 12,000 yf B.P,, the age of the oldest
known organic horizon then exposed at the Rio Caunahue Site. That
postulated sequence of events was compatible with Mercer's (1972a)
opinion that final readvance of the Llanquihue Lobe occurred about
14,800 yr B.P. Later, Mercer (1976) advocated an extremely rapid
deglaciation of the Lake Region and revised the date of the final
readvance, and age of the easternmost end moraines on the western margin
of Lago Ranco, to 13,000 yr B.P. Discovery of progressively older
organic horizons, 12,800 and 13,900 yr B.P., at the site prompted Mercer
(1983) to revert to his original view that the final readvance occurred
about 14,500 years ago. There 1s no doubt that final deglaciation of
the Lago Ranco basin must have occurred prior to deposition of the basal
lacustrine sediments exposed at the Rio Caunahue Site.

The folloéing interpretation of the depositional history of the Rio
Caunahue Site is based on geomorphological, stratigraphical,
sedimentological, and paleontological evidence. Glacial debris and
possibly colluvial gravels floored the valley after retreat of the Ranco
Lobe from the basin and prior to deposition of lacustrine sediment.
Sedimentation began in a drowned arm of Lago Ranco in the lower reaches
of the Rio Caunahue valley before 13,900 years ago. The initial
sediments were mostly inorganic, suggesting little vegetation in and
around the lake at that time. The lake was presumably at the level of
the highest terrace, abouf 150 m above present lake level, and drained
byla western outlet. The glacier terminus was probably still at low

elevation in the drowned valley east of the site and, as reflected by

dropstones incorperated into the lake sediments, icebergs were calving
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into the lake. Celonization of the

ago, the age of the basal organic horizeon in the sequence.

assemblages indicate that by 12,800

lake margin began about 13,900 years
Beetle

yr B.P, the climate had ameliorated

sufficiently to permit invasion of forest biota around the lake and by

12,300 yr B.P. 3 well-established forest had developed in the Rio

Caunahue area.

Climatic conditfons similar to
Replon today were established by at
no change during the 7,500 to 5,200
remained relatively stable until at
profile presented by Heusger (1981)
Bio Caunahue sequence 1s consistent
Correlation using radiocarbon dates

his pellen profile spans the 13,000

divided the sequence into three pollen zones,

those of lowland areas in the Lake
least 12,800 vears ago and, assuming
yr B.P. interval of no record,

least 4,300 yr B.P. The pollen

for the late glacial portion of rhe
with these interpretations.

and tephra horizons indicates that

to 10,000 yr B.P., interval., Heusser

The lower zone (RC-3) was

defined by the presence of Podocarpus andinus and slightly higher

percentages of Graminae and the upper zone (RC-1} was differentiated by

a slight increase of Weimmannia at the expense of the Nothofagus dombeyi

type of pollen, BEeusser, however, did not indicate why he divided the
sequence into three zones and did not interpret the climatic conditions
reflected by the spectrum, The remarkably consistent relative
percentages of pollen types and dominance of Hothofagus imply forest
conditions and a relatively constant climate.

Lake level remained higher than today until about 4,500 yr B.P.
because the western outlet was not deeply entrenched through the

morainal ridges. Throughout much of the time that the lake was in
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existence, periodic stream flood waters contributed organic detritus to
the basin of deposition and, on oceasion, volcanic ash was deposgited in
the lake. During the Late Holocene a morainic dam was breached by the
wegtern outlet and partial, perhaps catastrophic, drainage of the lake
occurred. Downcutting of the Rico Caunahue through the lacustrine
sediments commenced, exposing the sequence, and the sxposed lake botrom
wag colonized by Valdivian Rain Forest biota. Today, the Rio Caunahue

exposure is rapidly being altered by continuing fluvial erosion and mass

wasting.




DISCUSSION OF THE LATE QUATERNARY CLIMATIC HISTORY OF THE LAKE REGION

Three distinct beetle fossll associations are present in full
ks glacial to late Holocene sediments of low elevation sites im the Lake

Region of southern Chile, Between 18,000 and 15,700 yrs B.P. beetle

faunas living in the Central Valley congisted primarily of speciles

adapted to open-ground, bog habitats. The open-ground forms were joined

by arboreal species between about 15,000 to 14,000 years ago, forming
3 transitional faunas of mixed habitat specialties. By 12,800 yr B.P.

faunas were dominated by obligate woodland taxa, Indicating that forest

P T AT
whow g

conditions were well established dn the Central Valley by that time.
b | Those conditions remained relatively stable until at least 4,500 yr
B,P,, the voungest assemblages evaluzted for thilsg study.

According to Mercer {1976, 1984a) and Porter (1881), the last
‘1 glacial mawximum (Llanguihue II} in the southern Lake Region culminated
about 20,000 ro 19,000 years ago and was generally synchronous with last
glacial maxima in North America, Furope, Australia, New Zealand, and
Antarctica. Geological investigatlons have shown thar by abour 18,900
yr B,P, the Llanguihue Lobe had receded from the peosition of its maximum
extent (Porter, 1981; Mercer, 1984a) and by 16,000 vyr B.P. had retreatad
far enough to open the eastern outlet of Lago Llanquihue (Mercer, 1976},
This interval of contracted glaciers, lowered lake level, and presumably

X higher temperatures, was termed the Varas Interstade (Mercer, 1972a,

-168-
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1976) and was suggested to be coeval with the Erie Interstade recognized
by Morner and Dreimanis (1973) in eastern North America (Mercer, 1976).
The low species diversity of the 18,000~ to 15,700-year-old Puerto
Octay and Puerto Varas Park beetle assemblages and dominance of

open-ground taxa {e.g., Listroderes dentipennis)} may suggest that the

faunas existed in a stressed, possibly cold environment. HNo modern
analog has been found for these assemblages but they are almost
identical in species composition and diversity to assemblages from the
Rupanco Site (24,000 yr B,P. and 28,490 yr B.P.) near Lagce Rupanco in
the Lake Region, and the Dalcahue Site {14,970 yr B.P.) on Isla Chiloe,
which are believed to have accumulated during glacial conditions
(Ashworth and Hoganson, unpublished), The interpretation that the
18,000~ to 15,700-year-old beetle assemblages reflect cold climatic
conditions is éupported by Heusser's (1974) pollen diagram from the
18,000 to 16,000 yr B.P, interval at the Puerto Octay Site interpreted
to indicate essentially treeless, probably tundra conditions and Heusser
and others' (1981} palynological study of a core from Isla Chiloe.

In the absence of a modern analog, the palecclimatic significance
of the Puerto QOctay and Puerto Varas Park beetle assemblages is
equivocal but strongly suggests that glacial retreat during the Varas
Interstade was not caused by a significant climatic warming. Perhaps
the temperature fluctuation that caused the glacier recession was such a
minor or ephemeral event that it did not affect the beetle fauna f{or
flora) existing in the Central Valley. There is also the possibility

that the glaclal retreat was not caused by thermal increase. Decreased

precipitation, especially during times of generally depressed
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temperatures, may have caused glacier recession. In consideration of
Heusser and others' {1981) estimate that mean ammual precipitation was
about 1000 mm less than today In the Lake Region durlng that time
interval, the possibility of glaclal withdrawal through starvation
cannot be ruled out,

Cegsation of peat accumulation at numercus sites along the southern
edge of Lago Llanquihue by rising lake level has been taken as evidence
for a glacial advance that blocked the eastern outlet of the lake
(Mercer, 1%72a, 1976; Porter, 1981}, Because the evidence is indirect,
a4 controversy has developed as to how many readvances took place and
when they occurred. Mercer (1972a) proposed one advance about 14,800 yr
B.P, but he larer (1376) retracted that date in favor of a 13,000 yr
B.P., culmination, ?orper {1981}, however, postulated two readvances
(Llanquihue ZIi) culminating about 15,000 and 13,000 yr B,F., The only
direct evidence for a final glacial incursien into the Lake Region comes
from the island of Chiloe where Mercer (1984a) obtained dates of 14,355,
14,970, and 15,600 yr B.P. on peats buried by till of an end morazine of
the Reloncavi Lobe. From this evidence Mercer (19842} inferred that
there was only one late glacial advance that culminated between 15,000
and 14,500 years ago.

If the Llanquihue Lobe was acting in concert with the Reloncavi
Lobe and the Llanquihue Labe closed the eastern outlet of Lago
Llanquihue, the zdvances must have begun shortly after 15,700 yr B.P.,
the(age of the lowest peat horizon (Puerto Varas Park Site) drowned by
the rising lake level. 1If so, the Llangquihue Lobe terminus must not

have receded very far to the east of the outlet during the previous
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retreat. Tha regional extent of the event is unknown but presumably the
end moraines that dam lakes Ranco, Rupanco and Puyehue were formed at
that time. Deglaciation proceeded rapidly afrter this last maior
readvance Into the Lake Region and by 12,500 yr B.P. the glaclers had
withdrawn into the mountains {Mercer, 1976, 1982, 1984a).

The final period of expanded glaclers lasted only a few hundred
years because by about 15,000 vr B.P. climate had ameliocrated
sufficlently to permit migration of forest-dwelling beetles into the
Central Valley as documented at the Puerto Varas Railroad Site. These
transitional beetle assemblages of mixed environmental ind{icarors mark
the pivotal shift toward interglacial conditiomg in the Lake Regiom
between aboutr 15,000 and 14,000 vears ago. TInitiarion of posthglaaial
warming at about that time is also indicated by the temperature curve,
based on palyﬁélogicai data presented by Heusser and others (1981)., Tn
addition, radiocarbon dates obtained af the Riop Caunahue Site sugpgest
that lacustrine deposition began after final deglaciation of the Lago
Ranco basin, prior to 13,900 yr B.P. The recognition of a full glacial
readvance and subsequent rapid warming is Imporrant because this change
from glaeial to interglacifal conditions is generally synchronous with
similar events recorded in other areas of the world.

Glacial studies in New Zealand have shown that the last main
Pleistocens glactal event, the Kumara-3 pulse of the Otira Glaciation,
ended before 14,000 yr B,f. and was followed by rapld recession {(Suggate
an& West, 1967; Zinderen Bakker, 1969; Suggate and Moar, 1970; Burrows

and Gallatly, 19£2; Chinn, 1982), Palynological studies indicated that

warming, accompanied by postglacial spread of shrubland and forest,
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began about 14,000 yr B.P, {Moar, 1973; Moar and McGlone, 1977; Wilson,
1978), and by 12,000 yr B.P. a podocarp forest had expanded widely over
much of WNew Zealand (McGlone and Topping, 1973). Stewart and Neall
(1984) determined the accumulation rates of detrital quartz and biogenic
carbonate and silica in a deep—sea core recovered east of southern North
Island. The percentages of these sedimentary constituents, much higher
during glacial than post-glacial times, showed 2 synchronous, rapid
decline at sbout 14,700 yr B.P. A similar late glacial history is also
documented in Austrzlia and Tasmania. Glacilers had mostly disappeared
by 14,500 yr B.P. from the Snowy Mountains in socutheast Australia
(Bowler and others, 1976}, Glacial aridity, reflected by maximum eclian
actlvity and lowered lake levels in Australia, ended about 14,500 yr
B.P. (Bowler, 1978) and by 12,000 years ago the dunes were stabilized,
The postmglaciél warming trend in southern Tasmania began well before
11,500 yr B.P; (Macphadil, 1979) and thé glaciers had begun to retreat
about 14,000 years ago (Burrows, 1979).

Marion Island south of Africa in the southwest Indian Ocean,
ice~covered during the last glaclation, was mostly deglaciated by 14,000
yr B.P. as a result of abrupt warming {Zinderen Bakker, 1969, 1973).

A similar late-glacial sequence of climatic events has also been
recognized in Europe. Although poorly dated, the last major readvance
of the Scandinavian Ice Sheet to the pesition of the Pomeranian moraines
in Germany occurred aboutgié,sss vears ago (Mercer, 14972h, 1984a),

Ra?ié recession of the Alps glaciers in Switzerland between 14,000 and

}3,000 yr B.P. was documented by Anderson (1981).
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The chronolegy of glacial activity during the late glacial in North
America is better known than in Europe because of the avallability of
more radiocarbon datable sequences. The last major readvance (Cary) of
the Laurentide Tce Sheet scuth of the Great Lakes reglon culminated
about 14,700 to 14,300 years ago and was followed by rapid recession
{(Dreimanis, 1977; Mayewskl and others, 1981; Mickelson and others,
1983). By 14,500 yr B.P. the ice had retreated into the basins of the
Great Lakes {Mickelson and others, 1983). However, farther west, the
Des Moines Lobe did not reach its late Wisconsinan maximum position iIn
Towa, Minnesota, and South DBakota until about 14,000 yr B.P. {Mayewski
and others, 1981; Clayton and Moran, 1982; Mickelson and others, 1983},
Scon after 14,000 yr B.?, the Laurentide ice front was In full retreat
throughout its southern margin-—the beginning of the Cary-Port Huren

-interstade (Ma?ewski and others, 1981). Mayewskl and others (1981)
inferred that the recessional event aiﬁer the short-lived Cary advance
was Initiated by rapid climatic amelioration,

Paleontelogical records from areas south of the Laurentide ice
front reflect the onset of the transition to interglacial conditilons
sheortly after 153,000 yr B.P. As a result of his palechotanical studies
in Florida and Tennessee, Watts (1983) determined that the first
response of trees to warming climate 1In the southeast United States
occurred about 15,000 yr B.P. TIn the Midwest, tundra flora present
hetween 20,500 and 14,700 ?r B.P. at Wolfcreek, Minnegota, was replaced
by Picea earlier than 13,600 years ago (Birks, 1976). As the Laurentide

Ice Sheet was receding 1n the Midwest about 14,000 vears age, a mixed

forest of mostly deciduous taxa replaced the Picea forest (Webh and
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others, 1983), Between 16,700 and 15,300 yr B.P. the arctiec-subarctic
beetle fauna living south of the Laurentide ice front was nearly totally
exterminated as a result of climatic warming (Schwert and Ashworth,
1984).

Rapid deglaciation of moutainous and intermontane areags in western
North America also occurred at about thét time. Valley glaciers in the
Colorado Front Range began to recede after the last Pinedale Glaciation
advance between 14,600 and 13,000 years ago (Nelson and others, 1979;
Madole, 1980). Deglaciation of many mountain valleys, according to
Porter and others (1983), started well before 14,000 yr B.P. By about
15,000 yr B.P, one of the largest glaciers in the southern Rocky
Mountains, the San Juan icefield in southwestern Colorado, had
disintegrated (Carrara and Mode, 1979; Carrara and others, 1984); and by
13,680 years ago the Socuth Park Range was largely ice-free (Carrara and
others, 1984), Deglaciation of the Pinedale ice cap on the Yellowstone
Plateau was mostly completed by about 14,000 yr B.P. (Pierce, 1979) and
extensive deglaciation of west-central Montana occurred prior to 12,750
vears ago (Lemke and others, 1975). Termination of the Angel Lakel
Glaciation occurred before 13,000 yr B.P., in Lamoille Canyon, Ruby
Mountains, Nevada (Wayne, 1984).

The Fraser-Puget Lobe of the Cordilleran Ice Sheet attalned its
maximum late Pleistocene ppsition between about 15,000 and 14,000 years
ago in the Puget lowland of Washington during the Vashon Stade of the

Fraser Glaciation (Mayewskl and others, 1981; Hollin and Schilling,

1981; Barnosky, 1981) and withdrew quickly during rapid climate warming.
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Tundra~parkland vegetation was replaced by a mixed woodland of subalpine
and lowland conifers at Davils Lake in the southern Puget Lowland as a
result of this climate amelioration (Barnosky, 1981). In the Cascade
Range of Washington, vallevs south of thg Cordilleran Ice Sheet were
mostly deglaciated between 14,000 and about 12,500 years ago (Porter and
others, 1983; Beget, 1984). Elk Valley in British Columbia was also ice
free bhefore 13,400 vyr B.P. (Ferguson and Osborm, 1981}).

Rapid glacial retreat and ice disintegration, marking the shift to
interglacial conditions, has been dated at about 13,500 yr B.P. in the
north-central Alaskan Range (Ten Brink and Ritter, 1980) and at about
14,000 yr B.P. in the St. Elias Mountains on the Alaskan-Yukon border
{Denton, 1970). The onset of interglacial climatiec warming has also
been documented by pollen records from many areas of Alaska. Ager
{1983) found tﬁat a full glacial herbacecus tundra flora was replaced by
dwarf Betula about 14,500 to 14,300 yeérs ago in the Squirrel Lake area
in northern Alaska. Climatic warming just before 14,000 vr B.P. is
indicated by the pollen spectrum from Hidden Lake on the Kenai Peninsula
(Ager, 1983), In addition, Rymer and Sims (1982} noted a
sedimentological break in a core from Hidden Lake at the same level as
the change 1in the pollen record and suggested that the hreak marks the
time of recession of the glacler from the Hiddem Lake drainage basin.
The glacial to interglacial change from herbacecus tundra plants to
dwarf Betula, at about Ié,éoﬂ yr B.P., has also been recognized in
nﬁﬁerous cores from southwest Alaska (Ager, 1983).

In the tropical areas of the world that have adequate radiccarbon

dating control (northern South America, New Guinea and equatorial
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Africa), glaciers reached their maximuﬁ late-glacial extent about 15,000
to 14,000 years ago (Mercer, 1983:; Clapperton, 1983), Glacial retreat
began earlier than 13,000 yr B.P, in Venezuela {Schubert, 1974) and was
wostly completed by 12,700 yr B.P, (Hbllin and Schilling, 1981),
Glaciers in Colombia (Gonzalez and others, 1966; Herd and Naeser, 1974)
and Peru (Mercer, 1982, 1983) also began to distintegrate about that
time, Deglaciation in the mountain valleys of New Guinea started
shortly after 15,000 yr B.P. (Walker, 1978; Bowler and others, 1976J. A
pollen record from the Mt. Carstemsz area of New Guinea was irnterpreted
by Burrows (1979) to indicate the beginming of post-placisl warming by
about 14,000 vears ago. The youngest moraines in the Ruwenzori Range of
Uganda, just north of the equator in the Lake Victoria area, were
abandoned shortly after 14,700 yr B.P. (Livingstone, 1962).
Beglaciation of mountainous areas in Ethiopia was completed by 11,500
years ago (Hamilton, 1977; Gillespie aﬁd others, 1983). Pollen records
from southern and eastern Africa reflect post-glacial warming beginning
about 14,000 years ago (Coetzee, 1967; Zinderen Bakker and Coetzee,
1872y. The tropical and subtropical areas of Africa, almost totally
arid during the late glaclal maximum, were inundated by monsoconal rains
during the climatic amelioration about 14,000 vr B.P., (Fairbridge,
1983).

Additional evidence for the iniltilation of pust~glacial warming
about 15,000 years ago is érevided by deep—sea and lce-cap cores. Based
maiﬁly on foraminiferid productivity, Puddiman and McIntyre (1981)

measured meltwater influx into the North Atlantic and determined that

between 16,300 and 13,000 vears age the Northern Hemisphere lce sheets
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disintegrated rapidly. Slightly more than 50 percent of the ice
disappeared during that time interval. Duplessv and others (1981) also
estimated that the beginning of deglaciation in the North Atlantic
occurred about 15,000 yr B.P., but Berger and others (1985) suggested
that the event began about a millenium later. Hays (1978) reported fhat

the relative abundance of the cold-indicating radiolarian, Cycladcphora

davisiana, in a core from the southern Indian Ocean, declined abruptly
about 15,000 years ago and noted that many cores from the Subantarctic
gector of the Indian Ocean showed similar trends, He also stated that a
sharp reduction of sea-ice cover south of the oceanic Folar Front
occurred about 14,000 yr B.P, The transition from low oxygen—-isotope
values, representing the last glacial maximum, to higher values,
indicating change to post~glacial climatic conditions, occurred about
15,000 to 14,060 years ago in the Dome C (Lorius and others, 1979) and
the Byrd and Vostok ice cores (Burrows, 1979). Microparticle
accumulation in the Greenland and Antarctic 1ce cores, presumably
resulting from the high eolian activity during the late glacial maximum
in many parts of the Southern Hemisphere,‘also declined abruptly about
15,000 to 14,000 years ago (Bowler, 1978; Thompson and Mosley-Thompson,
1981; Fairbridge, 1983).

The concept that the last, major, globally synchronous, glaclal-
interglacial transition occurred between about 15,000 to 14,000 yeafs
age has been strengthened during the last decade or so by investigations
of.deep—sea cores and the recognition that many areas of western North

America were deglaciated much earlier than previously thought. The
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gparsity of information from the Southern Hemisphere, especially the
temperate, glaclated areas of South America, has hindered recognition of
the magnitude of the event, The final, unequivocal, major, climatically
controlled excursion of glaclers into the Lake Region of Southern Chile
about 15,000 yr B.P., documented by Mercer (1984a), and subsequent
¢limatic amelioration implied by beetle fossils provide additional
evidence to support the concept. It is interesting te note, however,
that as early as 1972, Mercer {1972b) suggested that the last mafor
world-wide warming occurred about that time and lobbied, to no avail,
for placement of the Pleistocene-Holocene boundary at the onset of that
warming trend rather than at 10,000 yr B.P, Recently, he reflected
{(Mercer, 1984a) that this last glacial-interglaclal cyele 18 more
suitable for comparison of the timing of climatic changes between the
Northern and Séutherm Bemispheres because it wag a much more sharply
defined event, in both hemispheres, than the earlier late-glacial
maximm when the Laurentide lce front oscillated over a rather long time
interval between 21,000 to 14,000 years ago.

The climatic amelioration that began about 15,000 years ago was
uninterrupted through the late glacial interval; and by 12,800 vyr B.P.
forest habitats, although probably somewhat open, were well established
in the Lake Region, ae indicated by beetle assemblages from the Rio
Caunghue Site. Climatic conditions similar to those of the lowland
areas today were reached by that time and remained relatively stable
unﬁil at least 4,500 yvears ago. Beetle specles assoclations, virtually

the same as those ohserved in the undisturbed Valdivian Rain Forest
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today, were not, however, establishedKuntiI about 12,300 yr B.P.; this
1llustrates the role of‘guccession in development of the Lake Region's
beetle fauna. There is no indication of climatic deterioration that
would have cauged readvanece of glaciers into the Central Valley sbhout
13,000 yr B.P., as proposed by Porter (1981}, or an emphatic cold period
coeval with the European Younger Dryas Stade, as advocated by Heusser
(1974, 1984a,b). Results of the present study are consistent, however,
with the chronology of glacier activity in the Lake Region determined by
Mercer (1982, 1983, 1984a, 1984bh).

Perhaps the most controversial topic concerning the late—glacial
climatic history of southern South America is whether or not a climatic
deterloration equivalent to the European Younger Dryas Stade cccurred in
southern Chile, Heusser (1966a) initilally propoesed an event equivalent
to the Ybunger‘gizég in the Lake Region from the Alerce I pollen record
recovered by coring a bog located northeast of Puerto Montt. The

dominance of Nothofagus dombeyi-~type pollen and presence of Podocarpus

nubipgenus and Pseudopanax laetiverens between 11,000 and 10,000 yr B.P.

{Zone 1I1) suggested to him that the post-glacial warming trend was
interrupted by cooler and moister conditions during that time. He
employed the Furopean system of three late glacial and five post—glacial
pollen zones and proposed that the European chronology was applicable in
correlating the Chilean record with that of the northwestern United
States, even though many éf the Chilean zonal bhoundaries did not

coincide with the temporal boundaries of the Eyropean zonation, He

interpreted his data to lend support for harmonious climatic
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fluctuations between the Northern and Southern Hemispheres during late
glacial time,

Heusser (1966b) again used European zonal terminology In presenting
interpretations of additional pslleakprcfiles from the Lago Llangquihue
area and suggested that the spectra suppsrted‘hi$ argument for a Younger
Dryas-equivalent event in the Lake Region. His interpretation was based
on the occurrence, in the 11,000 to 10,000 yr RBR.P, interval, of the same
plant taxa as those found in Zone III of the Alerce I core plus an
influx of Fitzroya-type pollen. Based on that information he estimated
that summer temperature was abOué 5°C lower than today and speculated
that glaclers became stationary or even advanced during that time. He
again proposed in-phase, hemispheric, climatic changes and stated that
back te 16,000 yr B.P. temperature trends have been identiczl in
equatorial 1atitudes as well as in higher latitudes of both hemispheres.

Heusger (1974} interpreted a simiiar pollen association, from what
he assumed to be the 11,000 to 10,000 vr B.P. iaterval at the Puerto

Octay Site, to reflect a peried of deteriorated climate coeval with the

Younger Dryas. His assumption was based however, as was discussed
earlier in the sectlon concerning the Puerto Octay Site, on faulty
biostratigraphic correlation with pollen diagrams from Alerce.

-é Heusser's interpretation was therafore founded on a cireular argument
and a priori reasoning and illustrates the caution that Watts (1980)

A+ evpressed in using polien.zones for correlation even in localized areas.

Heusser did note that a Younger Dryas—equivalent climatic deterioration
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was not supported by any geologilcal evidence of an ice advance.

The high percentages of Podocarpus andinus pollen between 10,440

and 10,000 yr B.P., at the Rucafiancu Site (39°33'3) was the evldence that
prompted Heusser (1984a, 1984bh) to infer that climate during that period
was 5-8°C colder and about 2,000 mm annually wetter than present in the
site area. He cited the occurrence of that plant as definitive evidence
for a Younger Dryas-equivalent climate deterioration 1n the nerthern
part of the Lake Region.

Thus, Heusser's argument for an event equivalent to the Younger
Dryas in southern Chile 1s based on the dominance of Nothofagus

dombeyi-type pollen and occurrence of Podocarpus nubigenus, Pseudopanax

laetiverens and, at times, Fitzrova pollen, in samples from the 11,000
to 10,000 yr B.P. iInterval from the southern Lake Region and Podocarpus
andinus 1in a sfectrum from the northern Lake Region, Birks (1981)
reviewed the assumptions involved and limitations of this floristic or
indicator—species palynological approach. He pointed out that the major
limitation of the method is that 1t must be assumed that the
distribution of a particular indicator-species is controlled by one or a
few climatic variables. The autecology of the species must be precisely
known, Heusser's argument calls for distribution of his indicator-
species to be controlled by temperature alone. It is suggested here
that their distribution may be influenced more by edaphic, moisture and,
in the case of Fitzroya, historical factors rather than temperature,

Although, on numerous occasions, Heusser c¢lted the dominance of

Nothofagus dombeyi-type pollen as indicative of cool and humid ¢limatic
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conditions, seven of the ten specles of Nothofagus found in the Chilean
flora are grouped into that pollen category, and speciles cannot be
éifferentiated on pollen alone (Heusser, 1966b, 1974), Species that
generate N, dombevi-type pollen range from sea-level to timberiine in
the Lake Region and occur ds far south as the southern tip of South
America. In addition, Heusgser has not been consistent in evaluating the
significance of N. dombeyl-type pollen in his profiles. For example, he
(1972a) interpreted N. dombeyi-type pollen at the Puerto Eden Site (Isla
Wellington) to reflect decreased precipitation and decreased storminess
hecause, as he pointed out, cocling and greater storm frequency are
restrictive to N, dombeyi-type pollen. At that site, he suggested that
occurrence of this pollen indicated enhanced edaphic conditioms for
forest development.

The distributions of Podocarpus nubigenus, P. andinus and

Pseudbpaﬁax laetiverens are probably also controlled more by edaphic and

moisture conditions rather than temperature. Podocarpus nubigenus is

characteristic of peaty paludified soils in moist climates (Heusser,
1972a). P, andinus i1s a low latitude species adapted to withstand

summer drought conditions (Heusser, 1984b}. According to (Munoz 5.,

1980}, Pseudopanax laetiverens thrives in many low-elevation, marshy

areas in southern Chile today. As with N. dombeyi-type polien, Heusser
has been inconsistent in interpretation of the climatic significance of
P. nubigenus. In section 2 on Isla Chiloe, a site older than 57,000 yr
Bsé,, he interpreted the peak of P. pubigenus. when herb percentages

were lowest, to indicate an episode of maximum warmth (Heusser and

Flint, 1977).
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Of all the specles Heusser used to imply thermal decline equivalent
to the Younger Dryas, the most puzzling is the influx of Fitzroya pollen
in some diagrams. It is true, as Heusser (1974, 1981) noted, that today
Fitzroya inhabits upper montane areas in the Lake Region. However,
prior to European colonization, Fitzroya forests were extensive in the
Central Valley (Heusser, 1974, 1981). The plant’s zbsence In areas of
low elevation today has resulted from logging.

Heusser and Streeter (1980}, using a multivariate approach, derived
regression equations relating taxa from surface pollen samples to mean
summer temperatures and annual vrecipitation based on estimates from
meteorclogical records. They then applied the equations to the Alerce I
fossil pollen spectrum and generated paleotemperature and
paleoprecipltation curves back to 16,000 yr B.P, Their exercise showed
a warming trené after about 16,000 yr B.P, Maximum summer temperatures,
about 7°C warmer than at Alerce today, were reached about 11,300 yr B.P,
A eopld interval between 11,300 and 9,400 yr B.P. (peaking at about
10,250 yr B.P.), at which time they estimated summer temperature to have
been about 6°C lower than today's, interrupted the warming trend.
According to thelr palecprecipitation curwve, although they noted that
their estimate was unrealistically high, annual precipitation was 3,000
mre more than today during the Inferred cold interval, They concluded
that the extremely wet and cold interval was equivalent to the Younger
Dryas Stade. 1t should be noted that the 6°C thermal decline postulated

during the interval is greater than Heusser and others' (1981} estimate,

using the same multivariate technique on the pollen diagram from
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Talquemd (Isla Chiloe), for the late glacial maximum (about 19,500 yr
B.P.) in the Lake Region. A thermal decline of such magnitude,
especlally accompanied by a marked increase in precipitation, would
surely have triggered a pronounced glacler readvance into the Central
Valley. As noted earlier, glaclers were generally gquiescent during that
period. It 1s difficult to reconcile how such slight changes in the
Alerce I pollen prefile (minor relative percentage changes in Rothofagus

dombeyi~type pollen, Podocarpus nubilgenus, Myrtaceae, Tepualia, and

Wedlnmannia) during the inferred cold interval (Heusser, 1%66a) could
produce the major changes observed 1in the paleotemperature and
palecprecipitation curves.

As discussed by Birks {1981}, the basic assumption of the
meltivariate or vegetatlonal agssemblage approach, that modern vegetation
must be in equilibrium with climate and past vegetatlon must have heen
in equilibrium with past climate, has been invalidated by many
paleobotanical studies, The palecclimate curves presented by Heusser
and Streeter (1980), considered suspect because of the amplitude of
changes in the curves coupared to subtle changes in the pollen recoxd,
are even more questionable in light of Birks (1981} appraisal of the
multivariate methed.

Un numerous cccasions Heusser has cited evidence from other areas
in the Southern Hemlsphere to support his afgument for a Younger Dryas-

eguivalent climatic deterioration in southern Chile. Heusser (1974) and

Heusser and Streeter (1980} noted that glaciers advanced on Mount
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Carstensz,. New Guinea at that time (Calloway and others, 1973; Bowler
and others, 1976), However, Galloway and others (1973) concluded that
the advances may have been confined to particular valleys and Bowler and
others (1976) believed that they were caused by local snowfall events.
Overall, Bowler and others {(1976) determined that ice retreat in New
Guinea began about 15,000 to 14,000 yr B.P. and proceeded rather
steadily until about 10,000 vr B.P., at which time most mountains were
ice=free. Galloway and others (1973) stated the fluctuations equivalent
to the Younger Dryas are unknown in New Guinea; Bowler and others (1976)
reflected that evidence for an Allerdd cscillation in New Guinea is
absent from the record.

Burrows {1975) and Burrows and Gellatly (1982) reported that
glaciers were active in New Zealand during this critical time interval.
Heusser and Streeter (1980) and Heusser (1984b) cited their results as
corroborating evidence to support the argument for a Younger Dryas
equivalent in the Scuthern Hemisphere. However, Burrow's (1975)
estimate of the age of the Wildman moraines from Cameron Valley in the
Arrowsmith Range, on which he made his interpretations, was based on
extrapolation and not radiocarbon dates. Burrows and Gellatly's (1982)
evidence for glacial advance between 14,000 and 9,000 yr B.P, was
supported only by 2 minimum number of dates and on relative dating
methods. Moreover, they suggested (1982} that more data are needed to
establish a concise glaclal chronelogy for that period. Suggate and

West (1967) concluded that no correlative of the European Younger Drvas

morgines has been recognized in New Zealand; glaclers are not known to
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have paused significantly in their recession after the last (about
14,000 yr B,P.) advance. According to Chinn (Salinger, 1981}, climatic
conditions similar to those in New Zealand today were established by
about 13,500 vears ago. Furthermote, no Allerdd oscillation equivalent
has been recognlzed in pollen diagrams from South Island (Mear, 1966,
1971).

A Younger Dryas-equivalent climatic deterioration Is alsc absent
from the southern Australian record {(Bowler and others, 1976}, 1In
Tasmania, palynological studies have shown that a rapid rise in
temperature, accompanled by forest development, cccurred berween about
11,300 and 9,500 years ago (Macphail, 1979; Colhoun and others, 1982),

Heusser and Streeter (19380} cited a study on South Georgia Island
in the Subantarctic to support the Younger Dryas hypothesis, On that
island, a stilistand or readvance of valley glaciers occurred earlier
than 9,000 yr B.P. (Clapperton and otheras, 1978). But the dates for the
event are minimal ages and are only permissive to support the argument,
Pollen diagrams from other Subantarctic islands {Marion and Tristan da
Cunha), according te Burrows (1979}, show no changes attributable to
climatic flux in the last 12,000 years. Zinderen Bakker (1973} has
shown that climate has been similar to today's on Marion Island for the
past 11,000 to 12,000 years.

Mercer and Palaclos {(1977) documented a late glacial readvance of
the Quelccaya ice cap in ?eru which Heusser and Streeter (1980} cited as

ad&itienal evidence of a Younger Dryas event in South America. However,

Mercer and Palacies (1977) emphasized that the minor advance of the ice
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cap sccurred 500 t; 800 years earlier than the Younger Dryas Stade in
Europe, The only other reports supporting a climatic deterioration
equivalent to the Younger Dryas in South America are from Colombia. Van
der Hammen and others (1981) reported glgcier advances equivalent in age
te Younger Dryas advances in Europe. Clapperton (1983) observed,
however, that no absclute radiccarbon dates support the events and that
their interpretations were based on a combination of minimal dates,
extrapolation, and palynological interpretations. Van der Hammen and
Vogel (1966) suggested that late-glaclal climatic changes in Colombia
were identical to those in Europe. But Mercer (1969, 1972a) noted an
unresolved discrepancy in thelr radlocarbon chronology and, furthermore,
because the palynological sites on which they based the interpretations
were at high elevation, suggested that the changes in the pollen record
may be a resnltﬁof precipitation rather than temperature changes. Watts
(1970} commented that drawing a direct compariscn between the Colombian
and European pollen records was unjustifiad.

The Younger Dryas climatic deterioration, between 11,000 and 10,350
yr B.P., was first recognized at its type locality in Denmark in 1901.
Subsequently, the event has been documented throughout western Europe
south of the Fennoscandian moraines (see Anderson, 1981, for a review).
Evidente for an abrupt, severe but short-lived cooling comes not only
from geological studies (Mercer, 1984a) but also from palecbotanical
{(Watts, 1980} and fossil beétle {Ashworth, 1872, 1973; Coope and

Jcaéhim, 1980) investigaticns. There appears to be little deubt that

this sharp cooling, that brought full-glacial cenditions back to
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northern Furope, was climatically causéd. It was such an emphatic event
that many authors believed {a few still do} that it was an
agtronomically-caused, global phenomenon, There is no reliable
evidence, however, that glaciers advanced during that time anywhere
except in the northern North Atlantic area {Mercer, 1984a).

The Sumes Stade in the North American Pacific Northwest and the
Valders advance of the Lake Michigan Lobe, initially thought to be
coeval with the Younger Dryass, did not occur at the same time as the
European event (Mercer, 1969, 1972b, 1976, 19B4a)., A stillstand of the
portions of the Laurentide Ice $heet (Algonquin Stade) in the Great
Lakes region, also Initially thought to be g Younger Dryas equivalent,
may have been caused by lce dynamics rather than climatic reversal
{Mayewski and others, 1981). There iz no evidence for glacier advances
equivalent to éhe Younger Dryas in the Rocky Mountains {(Porter and
others, 1983} and glaciers on the St. Ellas Mountalns of Alaska had
shrunk to near thelr present margins by 11,300 yr B.P, (Denton, 1974),
Pallen records from New Fngland {(Davis, 1983}, sountheastern United
States (Watts, 1983), midwestern United States (Webb and others, 1983),
Pacific Northwest {(Barnosky, 1981), southwestern United States (Martin
and Mehringer, 1965) and the northern Rocky Mountains of the United
States (Waddington and Wright, 1974; Baker, 1976, 1983; Mehringer and
others, 1977) show no record of cooling equivalent to the Younger Dryas
Stade. In view of the paieobotanicai records from the United States,
Waits (1983} concluded that a search for a Younger Dryas equivalent in
North America is futile because no comparable event occurred in North

America.
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The evidence indicating that the Younger Dryas climatic
deterioration was restriéted to‘nbrthern Furope is pervasive. The
localized influence of the event was 1llustrated by Watts (1980) who
discovered that the cooling produced a marked change in the flora of
northwestern Europe; but farther south in central Europe, it is weakly
expressed in the paleobotanical record and was merely a delaying factor
in a little-changed floral succession. There are few geological or
paleobotanical data supporting a Younger Dryas equivalent in North
America and reports of its occurrence in the Southern Hemisphere are
equivocal. TIn southern Chile the fossil beetle record indicates
relatively constant climatic conditions, similar to those of teoday, and
there 1s no evidence for regional expansion of glaciers during that time
(Mercer, 1976, 1983, 1984a, 1984b). In addition, no change in the
interval has béen noted in pollen diagrams from adjacent areas of
Argentina {(Markgraf and Bradbury, 1982; Markgraf, 1983, 1984).
Furthermore, some of Heusser's pollen profiles from southern Chile, most
notably thoée from Rio Caunahue (Heusser, 1981) and Tagua Tagua
(Heusser, 1983) show very little or no change during the critical time
period.

As early as 1969, Mercer suggested that the Younger Dryas event was
not a global setback in the post-glacial warming trend but a local event
confined primarily to northwest Europe. WHe hypothesized that the
cooling was caused by eruption, into the North Atlantic Ocean, of large

amounts of ice produced by the break-up of ice shelves in the Arctic

Ocean and not by cosmic factors. It was not until 1981 that Mercer's
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hypothesis gained support from Ruddiman and McIntyre's (1981) paleo-
oceanographic studies in the North Atlantic.

Perhaps it is appropriate to end this discussion on a defensive
note. Heusser (1984a, 1984b), in defense of his argument for a Younger
Dryas equivalent in southern Chile, questicned Hoganson and Ashworth's
(1981, 1982a, 1982h) interpretation of the beetle record from the Rio
Gaanahué Site. He argued that the beetle assemblages would be difficult
to interpret because they are virtually all allochthonous, having been
transported to the site through fluvial activity. It 1s true that most
of the fossils found in the Rie Caunahue sediments were washed into the
basin by stream discharge, and it is conceivable that species from
different climatic zones could be found in aséeciation in that tvpe of
aituation. However, Ashwerth and Hoganson (1984b) pointed ocut that if
mixing eccurreé, then specles adapted to higher elevation habitats would
have been found together with those from low-elevarion habitats. On the
contrary, the Ris Caunshue assemblages were completely dominated by
low~elevation taxa, Therefore the type of contamination proposed by
Heusser can be ruled out. In addition, the late-glacial beetle
assemblages fram,tha Rio Caunghue Site are slmost identical in species
compesition to a 13,000-year-old beetle assemblage from the Monte Verde
paleoindian site near Puerto Montt that accumulated in a bog not
influenced by periodic floodwater discharge (Ashworth and Hoganson,
1984a), 1In actuality, the configuration of the depositional system at

the Rio Caunahue Site was ideal because a wide spectrum of habitats, not

only those in the basin but also those around the basin of deposition,
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are represented by the fossil assemblages. The assemblages, therefore,
sgem to provide an intricate plcture of the ecological and envirommental
conditions of the area.

Heusser (1984a, 1984b) concluded that the Rio Caunahue beetle data,
indicating relatively stable climatilec conditions over a relatively long
time span from about 12,800 to 4,500 wvr B.P., are equivocal becauge
cooling during the early Neoglacial (occurring after 6,850 yr B,P. and
culminating about 4,500-4,000 yr B,P.} is not documented by the beetles.
Although it was a minor event, it was the most extensive of the three
Neoglacial advances recorded in southern South America (Mercer,. 1976).
Evidence for the first Neoglaclal s from only a small number of
glaciers, all located south of 46°S latitude (Mercer, 1982). Glaciers
were apparently not active during that time in the Lake Region.

However, ﬁausse¥ £1974) proposed that summer temperatures were 2°C
cooler than today's in the Lake Region between 6,500 and 4,500 years ago

because of the occurrence of Fitzrova and Podocarpus in zone P~3 at the

Alerce Site. Heusser and Streeter's (1980} paleoclimatic curves, bhased
on the Alerce recprd, show only & slight thermal decline during the
interval but a major increase in precipitation (about 3,000 mm annually
more than today's average). The upper portion of the Alerce section is
poorly dated and Heusser and Streeter's evidence for a correlation
between thelr paleoclimate curves and neoglaciations is weak.

Even if very minor neoglacial advances did occur in the Lake Region

it is doubtful if the climate was sufficiently medified to be reflectad

by the Ric Caunahue beetle assemblages. Another possible explanation is
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that the minor glacier advances were caused more by increased
precipitation than therm#l decline, Beetle faunas are generally less
sensitive to precipltation changes (espectally when the chanpe ig from
rain~forest conditions to even wetter rain-forest conditionsz) than
temperature changes, Heusser and Streater's (1980) palecclimatic curves
support this possible explanation for the suggested nepglaciations,

One of the most important toples of investigation, that has direct
bearing on hypotheses conceraning the mechanism and causes of climate
change, is to differentiate between major climatic events that were
definitely global phenomena and events of lower rank, that were emphatic
but not world wide in extent. The European Younger Dryas Stade appears
to be one of these lower-rank climatic events. Interpretations of
geological and fossil beetle evidence from southern Chile support thia
gontention butlinteryretaticns of palynological data do net. Addirional
studies in southern Chile, spanning the c¢ritical time interval, are

therefore warrvanted perferably on sites that are conducive te both

palecentomolgoical and paleobotanical analyses.




CONCLUSIONS

{1} Cluster analysis was found to be a useful method to define
collecting localities with similar beetle faunas and to establish an
elevational zonation of the beetle fauna living today in the Lake Region
of southern Chile. Four zones or bicassociations were defined by the
method. The procedure also proved to be useful in comparing the
gimilarity of fossil beetle assemblages to contemporary faunas. The
Dice similarity coefficlent was determined te be the best coefficient to
use for these purposes.

(2) Deposition of lacustrine sediments began at the Puerto Octay
9ite sometime between 19,5300 and 18,170 vr B.P, after the spillway was
abandoned when lake level fell as a resulet of glacler recession. After
it became inactive, the spillway initislly contained an c¢ligotrophic
pond with freshwater of low-alkalinity. Very few insects lived in it or
in the vieinity. Severe climatic conditions may have been responsible
for the sparsity of insects inhabiting the Puerto Octay area at that
time, Between about 18,000 and 16,000 yr B,F, the spillway was occupied
by a shallow, well-oxygenated, eutrophic, probably areally restricted
lake containing abundant agquatic vaseular plants, filamentous algae, and
a relatively diverse aquatic insect fauna. Hygrophilous vegetation was
present in some of the pond-marginal areas although open., muddy shores

were also common. Esaanéi&iiy treeless, open~ground probably bog
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habitats characterized the regional se£ting in the Puerte Octay area
during that fnterval. ¥No information is avallable from the Puerto Octay
Site from 16,000 yr B.P. to 1,190 yr B.P. From about 1,190 yr B.P. to
the present, the Puerte Octay Site has been a marsh and, until recent
centuries, was surrounded by a fairly diverse flora.

{3) Either an areally restricted, guiet, shallow pond or marsh
existed at the Puerto Varas Park Site 15,700 years ago. Emergent
vegetation grew In the marsh{ and water-marginal areas were probably, at
least in part, muddy, open and bare. Sparse, shrubby vegetation grew in
the vicinity but mostly open-ground, probably treeless habitats existed
around the site.

(4) The beetle faunas living in the Central Valley between 18,000
and 15,700 years ago, although no modern amalog was obhserved to assist
in the interprafation, probably existed in a stressed, cold environméﬁt.
This was, however, a period of ccntractéd glaclers (Varas Interstade).
It is suggested that climate may have warmed sufficlently to permit
invasion of beetles into the lowlands but was still severe enocugh to
support only the most eurythermic species.

(5) The marsh that existed at the Puerto Varas Railroad Site,
between about 15,000 to 14,000 yr B.P., was in an area of open-ground
with stands of trees, mostly Nothofagus, and shrubs in a parkland
setting.

(6) The final glaciai advance into the Lake Region, that began

about 15,700 yr B.P., lasted for only a few centuries; because, by about

15,000 yr B.P., climate had ameliorated sufficiently to permit migration
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of forest-dwelling beetles into the Central Valley, vThese transitional
beetle assemblages of mixed envirommental indicators mark the piveotal
shift toward interglacial econditions iﬁ the Lake Region, This change
from glacial to interglacilal conditions is generally synchronous with
gimilar events recorded in other areas of the world and supports the
concept that the last major, globally synchronous, glacial-interglacial
transition occurred between about 15,000 and 14,000 years ago.

{7) Lacustrine deposition began at the Rio Caunahue Site before
13,300 yr B.P. after the Ranco Lobe retreated from the Lago Rance basin.
Initially, few organisms existed in and around the lake., The glaciler
terminus was still at low elevation in the drowned valley east of the
site and icebergs were calving into the lake. Colonization of the lake
and its margin began about 13,900 years ago, and by 12,800 yr B.P. rain-
forest biota inﬁabited the area around the lake., By 12,300 yr B.P. a
well~established forest, simllar to the modern Valdivian Rain Forest,
had developed in the Rio Caunahue area. Throughout much of the time
rhat the lake was in existence, periodic stream flood waters
contributed organic detritus to the basin of deposition and, on
occasion, volcanic ash was deposited in the lake, Lake level remained
higher than today until about 4,300 yr B.P.; and during the late
Holocene, partial, perhaps catastrophic, drainage of the lake occurred.
Downcutting of the Rio Caunahue through the lacustrine gediments
commenced , exposing the sequence, and the dry lake bottom was colenized
by ?aldivian Rain Forest biota.

{8) The climatic amelioration that began about 15,000 vears ago

continued uninterrupted through the late glacial Interval, By 12,800 yr
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B.P. climatic conditions similar to those in the Lake Repion today were
established. Those conditions remained relatively stable until at least
4,500 vears ago.

{9} There is no indication from the fossil beetle assemblages of a
climatic deterioration that would have caused readvance of glaclers into
the Central Valley about 13,000 yr B.P. as propesed by Porter (1981},

(10) The determination that the climate of southern Chile from
11,080 »r B.P. to 10,000 vr B.P. was similar to that of today supports
Mercer's interpretation, from geological evidence, that a Younger Dryas-
equivalent climatic deterioration did not take place in southern Chile
and doesg not support Heusser's view, based on palynological studies,

that the late glacial climate of southern Chile followed the same

pattern as that of Europe.




ILLUSTRATIONS OF REPRESENTATIVE BEETLE FOSSILS

It is beyond the scope of this study fe include a systematic
treatment of the fossll beetle taxa. The following illustrations
{Plates 2 through 8) are included te show the variety of skeletal
elements recovered, exquisite preservation of the specimens, and some of
the representative taxa on which palecenvironmental and paleoclimatie

interpretations were baged.
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Plate 2
Scanning electron photomicrographs of representative fossil

Coleoptera from the Puerto Varas Park and Rio Caunahue sites,
Scale bars equal 1 mm except where indicated.

Figure I. lListroderes dentipennis Gmn., Curculionidae.
la. Head. Puerto Varas Park Site. Sample PVI.
1b. Thorax. Puerto Varass Park Site. Sample PVI.

le. Articulated left and right elytra. Puerto Varas
Park Site. Sample PVIL,

id, Penis., Puerto Varas Park Site. Sample PV],

Figure 2. Pentarthrum castaneum (Blanch.), Curculionidae.

g : 2a., Bead. Rio Caunshue Site, Sazmple 42,

%; Z2b. Thorex., Rio Csunahus Site. Sample 42,

2c, Left elvtron. Rio Caunahue Site, Sample 42,
2d, Right elytren. Rio Caunabue Site. Sample 42,

Figure 1. Wittmerjus longirostris Kusch,, Curculionidae.

3a. Head. Rio Caunahue Site, Sample 42,

3b, Thorax. Rio Caunszhue Site. Sample 42,
3¢, Left elvtron. Rio Caunshue Site. Sample 42,
3d. Right elytron. Rio Caunashue Site., Sample 42,

Figure 4. Dasydems hirtella Blanch,, Curculionidase,

4a, Head. Rio Caunahue Site. Sample BS-A3.

4b, Thorax. Bio Caunahue Site. Sample BS-A3,

4c. Magnified view of a portion of the thorax showing
preservation of scales, Rio Caunahue Site.

Sample BS-A3.

4d, Arcicolated left and right elytra., Rio Caunahue
Site. Sample 35.
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Plate 3

Secanning electron photomicrographs of representative fossil
Coleoptera from the Rio Caunahue Site. Scale bars equal 1 mm.

Flgure 1. Nothoderodontus dentatus Lawr., Dercdontidae,

la. Articulated head and thorax., Rio Caunahue Site.
Sample PDO.

1b, Left elytren. Rio Caunahue Site. Sample 42,
lc. Right elytron. Rio Caunahue Site. Sample 42.

Figure 2, Strictospilus darwinl Brths., Cocecinellidae,

2a. Articulated head and thorax., Ric Caunahue Site,
Sample PDI.

2b. Left elvtron. Rio Caunabue Site. Sample 42.
Z2c. Right elytron. Rio Caunahue Site. BSample 42,7
Figure 3, Caenccara sp., Anobiidae.
.3a, Head. Rio Caunahue Site, Sample PDO.
3b. Thorax. Rio Caunahue Site. Sample 42,
3¢. Left elytron., Rio Caunahue Site, Sample 42,
3d. Right elytron. Rio Caunahue Site, Sample 42,

Figure 4. Perilopsis flava Retr., Nitidulidae.

ta. Head. Rio Caunshue Site. Sample PBI.
4h. Thorax. Rioc Caunahue Sire. Sample BS-A3.

4e¢, Left elytron, Rio Caunahue Site. GSample BS-A3,

4d, Right elytron. Rio Caunshue Site. Sample BS-A3.
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Plare 4

Scanning electron photomicrographs of representative fossil
Coleoptera from the Puerto Octay, Puerto Varas Park and Rio
Caunahue sites. 5Scale bars equal 1 mm.

Figure 1.
la.
1k,
le,
1d.

Figure 2,
Za,
2b.
Ze.
2a.

Figure 3;
3a.
3b.
3c.
3d.

Figure 4.
4a.
4b.
e,

4d,

Abropus carnifex Fabr., Carabidae.

Head. Rio Caunahue Site, Sample BS-A3,

Thorax., Rio Caunahue Site. SBample BS-AJ.

Left elytron. BRio Caunahue Site. Sample BS~A3,
Right elytron. Rio Caunahue Site. Sample BS-A3,

Hydrochus stolpl Gmm,, Hydrophilidae.

Head. Rio Caunahue Site. Sample PD6,

Thorax, Puerto Octay Site. Sample 13.

left elytron. Puerto Varas Park Site. Sample PVI,
Right elytron. Puerto Varas Park Site, Sample PV1,
cf, Diontolobus sp. 2, Trogositidae.

Head, Rio Caunshue éite. Sample Al.

Thorax. Rio Caunahue Site. Sample BS-A3.

Left elytron., Rio Caunahue Site. Sample BS-A3,
Right elytron. Rio Caunahue Site., OSample BS-A3,

Barvopsis araucanus C. and 8., Sraphylinidae.

Head. Rio Caunahue Site. Sample PD6.
Thorax. Rio Caunahue 5ite. Sample PD6.
Left elytron. Rio Caunabue Site. Sample Al.

Right elytron. Rio Caunahue Site. Sample BS5-43,

e
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Plate 5

Scanning electron photomicrographs of representative fossil
Coleoptera from the Puertc Varas Park and Rio Caunshue sites.
Scale bars equal 1 mm except where indicated,

Figure 1. Monarthrum sp., Scolytidae, Left elytron. Rio
Caunahue Site. Sample BS~-A3.

Figure 2, Agonum sp. 2, Carabidae. Thorax. Puerto Varas
Park Site. Sample PVI,

Figure 3. Hydora annectenz 8. and B., Elmidae., Right elytron,
Rio Caunahue Site. Sample AZ,

Figure 4. Nominocerus marginicollis (Sol.)}, Staphylinidae,

4a, Head. Rio Caunahue Site. Sample 36.

4b. Thorax. Rio Caunahue Site. Sample PD3.

4c. Left elytron. Rio Caunahue Site. Sample PD3,

4d. Magnified view of a portion of the left elytron showing
mlerosculpture and setal puncture. Rio Caunahue Site.

Sample PD3.

4e. Right elytron. Rio Caunahue Site. Sample 17,
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Plate &
Scanning electron photomicrographs of representative fossil
Coleoptera from the Ric Caunshue Site. Scale bars equal 1 mm

; except where indicated.

Figure 1. Phloeotribus cf. spinipennis Eggrs., Scolytidae,
Left elytron. Rio Caunshue Site, Sample 47,

Figure 2. Brachypterus n. sp., Nitidulidae.

23, Magnified view of the right elytron hinge area showing
pmicrosculpture and setae. Rio Caunahue Site,
“Sample PD3.

Zb, Right elytron. Rio Caunahue Site. Sample PD3.

Figure 3. Glypholoma pustuliferum Jean., Staphylinidae.
Lefr elytron. Rio Caunghue Site, Sample BS-Al.

- Figure 4. Tartarisus signatipennis (Blanch.}, Curculiocnidae,

4a, Magnified view of the tibial distal end showing
' ornamentation and setae. Rio Caunahue Site.
3 Sample BS-AJ.

: 4b, Articulated femur and tibia. Rio Caunahue Site,
' Sample BS-A3.

Figure 5. Rhynchitomacer flavus Voss, Nemonychidse., Head,
Rio Caunahue Site. Sample 36,

Figure 6. Austrolimnius chileensis (Champ.}, Elmidae. Thorax.
Rio Caunashue Site. Sample 41,

Figure 7. Plectocephalon tesgtaceum (Pic), Cantharidae., Head.

Rio Caunahue Silte. Sample AZ,







~208~
Plate 7
Scanning electron photomicreographs of representative fossil

Coleoptera from the Puerto Varas Rallroad and Rio Caunshue
sites. Scale bars equal 1 mm except where Indicated.

Figure 1. Eunemadus chilensis Ptvn., Leiodidae.

la, Right elytron. Rio Caunahye Site.  Sample BS~A3,

1b, Magnified view of the right elytral humeral area
showing ornamentation., Rio Caunahue Site.
Sample BS-AZ,

Figure 2. Rhopalomerus tenuirostris Blanch., Curculionidae.
Left elytrem., Rio Caunshue Site. Sample BS-AJ,

Figure 3. HNeopheonus bruchi Fauv., Staphylinldae.

3a. Head. Ric Caunahue Site, B section. Sample B2.

3b. Right elytron. Rio Caunghue Site, B section,
Sample H1.

Figure 4. Leucotachinus luteonitens (¥, and G.), Staphylinidae.

4a. Therax. Rioc Caunahue Site. Sample 472,

4b. Right elytron. Rio Caunshue Site. Sample 42,

Figure 5. Epaetius carinulatus Kusch., Curculionidae.

i 5a. Head. Rio Caunahue Site. Sample BS5~A3,

5b. Left elytron. Rio Caunahue Site, B sectilon.
Sample B!,

Figure 6. Anotvlus chilensis €. and 5., Staphylinidae.

fa., Thorax. Puertn Varas Railroad Site. Sample 1.

6b. Right elytrom, Puerto Varas Railroad Site.
Sample 1.
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Plate 8

Scanning electron photomicrographs of representative fossil
Coleoptera from the Rio Caunahue Site. Scale bars equal | mm.

Figure

Figure

Figure

Figure

Figure

Figure

1.
la.
1b.
2.
2a.
2b.,
3.
3a.

3b.

ol

Trechinotus striatulus Mateu and Neg.. Carabidae.

Thorax, Rio Caunahue Site, BSampls Al.
Left elytron. Rio Caunahue Site, Sample B5-A3.

Gipsyella patagonica Schw., Carabidae.

Head. Rio Caunahue Site. Sample 1,

Thorax. Rio Caunahue Site. Samplerl.
Neocelmis n., sp., Elmidae.

Thorax. Rio Caunahue Site. Sample BS-A3.
Right elytron, Rio Caunahue Site. Sample Al.

Lophocephala fasciolata Blanch,, Curculionidae.

Left elytron. Rio Caunahue Site. Sample BS-A3,

Cryptorhynchinae gen. indet. Curculionidae.
Articulated left and right elytra., Rio Caunahue
Site. Sample BS~A3.

Minurus testaceous Wtrh,, Attelabidae., Right
elytron, Rio Caunsghue Site. Sample Al,
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COLEOPTERA BIOASSOCIATIONS ALONG AN ELEVATIONAL GRAEIENT
IN THE LAKE REGION OF SOUTHERN CHILE

AND COMMENTS ON THE POSTGLACTAL DEVELOPMENT OF THE FAUNA

Allan C. Ashworth

Department of Geology, North Dakota State University,
Fargo, North Dakota 58103, U.S§,A.

and
John W. Hoganson

¥orth Dakota Geological Survey, University Station,
Grand Forks, Rorth Dakota, 58202, U.5,4A,

ABSTRACT

A diverse Coleoptera fauna of 462 specles in 48 families was collected
from 41 locations 1In the Parque Nacional de Puyehue and adjacent parts of
the Lake Region of southern Chile, The sample locatifons ranged from rain
foreat habitats at sea-level to Andean tundra habitats at 1500 m msl.
Cluster analysis of a Dice similarity coefficilent matrix revealed a broad
pattern of bloassociations within the large data base. Boundaries between
the biocassoclations correspond largely with those of the major vegetation
zones 1mplying that the distribution of the fauna is gstrongly influenced
by the distribution of plants. Evldence from fossils indicates that the
lowlamd beetle fauna during the interval 26,000 to 15,500 vr B.P. had a
low diversity and was dominated by speciles of open—ground habitats.
Forest specles appeared in the lowlands between 15,000 and 14,000 vr B,P.,
at about the time of the last deglaciatien. A fauna with similar
characteristics to that of the Valdivian Rain Forest was not in place
until about 13,000 vr B.P. Mo evidence was found to support claims made
from palynologleal studies for a pronounced episode of colder and wetter
climatic conditlons in the interval from about 11,000 to 9,500 yr B.P.
The patterns obhserved in the fauna began to develop about 13,000 yr B.P.
and continued to do so until the present without any significant
disruptions.
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INTRODUCTION

The first beetles from southern Chile to arousé scientifie curiosity
were collected on voyages to the Pacific during the eighteenth and
nineteenth centuries, Specimens were carried back to Europe and described
by eminent systematists. Johann Fabricius, for example, described the

Patagonian endemic carabld species Ceroglossus suturalis im 1775. Charles

Darwin collected extensively from the forests on the Isla Chiloe and from
the vicinity of Valdivia during 1833 and 1834. Although beetles were an
early love of Darwin's, he did not describe any Chilean specimens
preferring to leave the gystematics to Waterhouse, Hope, and Babington.

Many of the holotypes, such as that of the carabld Ceroglossus darwini

described by Hope In 183B, are perfectly preserved in the British Musewm.

The French naturalist Claudio Gay, collected numerous beetles during
his travels in Chile from 1828 to 1842, ' The specimens were described by
Solier, Blanchard and Spinola and the descriptions with color plates were
included in the 1849 and 1851 volumes of Gay's monumental treatise
PHistoria fisica y politica de Chile". The descriptions and {l1lustrations
in these volumes are still useful, and after more than a hundred vyears,
the work remains the most comprehensive treatment of the Chilean
Coleoptera fauna. Essentially no other information, neither
distributional nor ecological, was included in the descriptioms, and
consequently the wotk 1s principally of systematic interest,

.Studies of the Lake Region blota increased dramatically following the

German colonization in the middle part of the nineteenth century.

Systematic study flowered under the direction of Rodolfo Philippi, a
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Cerman refugee, who followed Claudio Gay as the director of the Mésec
Nacional in Santiago. Coleoptera collected by Philippi and his a%sistant
the French entomologist Filiberto Germain, were sent to Europe tmébe
described by ewinent systematists in France, Germany, and England. In
recent years collections made by the Chilean entomologist, Luis P?ﬁa, have
added enormously to the knowledge of the Coleoptera fauna. The n?mbar of
revisionary studies has grown exponentially with the result that%the
systematics of some groups 1s well-known. At least 43 percent oﬁ the
species that we identified in our study had been previously descgibed.
The fauna is especially interesting because of the importance ef%the
region to the blogeography of the Southern Hemisphere {Barlingtoq, 1965},
Ruschel (1969) discussed the affinitles and origins of the coleoéterous
fauna and provided (1960} an excellent survey of the biclogy of ﬁhe major
biomes, A |

Through the study of fossils we are analyzing the effects tﬂat

glaciation had on the fauna. In order to interpret the signific%nce of
the fossil assemblages we needed to know more about the structuré of the
fauna along an elevational gradient and hence the reason for thié study.
The most Intensive fleldwork was carrled out in the Parque Nacioéél de
Puyehue but samples were also collected from locatdions in the nséthern

part of the Isla Chiloe, from the southern and western shores of [Lago

!
Llanquihue in the Valle Longltudinal, and from Pucatrihue in the

Cordillers de la Costa (Figure Al).
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THE PARQUE NACTONAL DE PUYEEUE

Phyeiography and Geology

The Parque Nacional de Puyehue (the park), between latitudeé 40°30'5
and 41°10'S, and longitudes 71°50'W and 72°30'W, lies on the wes%ern
flanks of the Cordillera de los Andes (the Andes}. Tn the easte%n and
central parts of the Andes, deformed sedimentary and metamerphiz%rocks are
intruded by granites of the Cretaceous and Tertiary-aged Andean éathciith
(Plafker and Savage, 1970; Hervé and others, 1974), Along the w%stern
margin extant strato~volcanves are aligned on a south-north axis|{ Volecan
Tronadoe (3554 m mel), an inactive volecano straddling the Chileuﬁfgentina
border, Is the highest peak in the region. According to Vergara;ané

Gonzalez-Ferran (1972), the existing central-type volcanism began in the

Plio~Pleistocene, followlng an early phase of fissure eruptions. The park

is bordered to the west by the Valle Longitudinal (Central Valley), a %0
km-wide rift valley (Galli-0liver, 1969; Scholl and others, EQ?Bi. The
lakes, sueh as Llanguihue, Rupanco, Puyehue, and Ranco, that giv% the
region ite name are located in the valley. They occupy gla&iaiié*&cqurad
depressions, dammed on their western margins by a series of areu%te
moraines, To the west, the relatively low (950 m msel), unglacia%ed
Cordillera de la Costa {(Coastal Mountains), rise between the Cen%ral
Valley and the Pacific Ocean, The topography results from the régifm
§$iﬁg at the margin of the converging South American and Nazca Péatas.

The Nazca Plate is being subducted at the Peru-Chile Trench, reaﬁlting in

volecanism, seismicity, and uplift of continental crust.

|
The park is located on Volcan Casablanca, a strato-volcano with an
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elevation of 1990 m. There is no historical fecord of eruptioé but the
unweathered tephra, and the youthful form of cinder cones, sucg as Cerro
Halque, imply activity within the past few centuries, Volcan é%lbucn; 30

|
km to the south, has erupted several times in this century; theilast
eruption was in 1961 (Casertamno, 1963; Simkin and others, 1981); Darwin
(1839) observed Volcan Osorno (Figure A6) erupting in 1834 and {in 1835
while the HMS Beagle was at anchor off the Isla Chiloe; the 136% eruption
on Vn. Ogsorno was in 1869 (Simkin and othrs, 1981). Earthquake% are also
relatively common in the Lake Region; Lomnitz {(1970) estimated éhat
seismic events of Ms B+ have a frequency of one per decade in th? area.
The 1960 earthquake {ca. Mé 8.5), was one ef_the greatest seismih events
ever recorded (Plafker and Savage, 1970). Veblen and Ashton (19%83 and
Veblen and others (1980) discussed the importance of catastrophi% events,
mainly earthquake induced landsiidea and volcanic eruptions, to ﬁhe

maintenance of Nothofagus-dominated forests. The dynamic characéer and
;

lack of long term stability in these forests must influence the
distribution of all other components of the bhiota, including the é
Coleoptera. %

Most of the collectlng sites for our study were located in t%& broad
gently sloping Antillanca Valley dn which the Rio éhanleufu and o%hez
streams flow westward to Lago Puyehue, where they are construetiné a delta
with the Rio Golgol, At the last glacial maximum, ice existed as far west
as Pntre Lagos at the west end of Lago Puyehue. At that time glacial ice
pres#mably covered the entire region of the park. The glacial for& of the

Antillanca Valley is still obvious even though 1t has been modifieé by

voleanic activity.
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Glaciations that resulted in ice periodically advancing fr§m the
Andes into the Valle Longlitudinal and the climatrie changes thatlprc&uced
them, have disrupted the biota on a larger scale than elther teétonism or
voleanism. A radiocarbon chronology of glacial events has been§
established during the last decade through the studies of %ercé# (1972,
1976, 1982), Laugenie and Mercer (1973), Heusser and Flint {19??), and
Porter (1981). The last glacial maximum, according to Mercer (i??é},
culminated about 19,200 yr B.P, (14C years Before E;esent} and'éas
approximately synchronous with the glacial maxima of the Nurthe%n
Hemisphere. Porter (1981) estimated that the glacial complex 34 that time
was about 165 km wide in the southern Lake Region, and the ice %s mich as
800 to 1000 m thick in the Lage Llanquihue basin, To account fﬁx the ice
volume, he calculated that snowline would have been 1000 m beleqiits
present elevation of 1,900 to 2,250 m.

The deglaciation that followed was interrupted by one (ﬁerc?r, 1976)
or perhaps two {Porter, 1981) significant readvances., The best gvidence
(Mercer, 1984) for the last glaclal advance in the Lake Region i% that it
occurred between 15,000 and 14,300 yr B.P, Mercer (1976) heliev%é that
the glaciers had retreated to their present positions high in thé Andes by
11,000 yr B,P. WNeoglaclal ice advances have not been dccumentaé%for the
Lake Region, but hased on evidence from further south (Mercer, 1%?6,
1982), several minor advances may have octurred. Small glaei&rs; at mast
a few km in length, presently occur in cirgues and high valleys ét
ele&atians of greater than 2000 m, Isolated peaks, such as the &olcanoes
Osorno and Calbuco, are icewcapped‘remnants of the once extensive glacial

cover. i

i
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Climate

The climatic data available for the park are summarized fr%m
compilations by Mufioz 8, (1980) and Veblen and others (1977). ﬁhe range
of mean temperatures for the warmest (January) and coldest {Aug%at) months
at Central Pilmaiquen, near the western end of Lago Puyehue, iﬁgfrcm 15°¢C
to 6°C, and at Antillanca, near treeline on Volcan Casablanca, ﬁs from
11°C to 3°C. Over the same gradient precipitation increases frg§¢1950
mm/yr to 5420 mm/yr. The number of frost days/yr 1s less than 1% at the
elevation of Lago Puyehue and about 150 at treeline., The nnmberéof days
with spow cover also Increases with elevation, from a few at ele&ations
below 250 m, to about 180 at elevations above treeline. 1In 19??§snow did
not melt from the large crater above Antillanca at 1250 m until ?he middle
of December.

The ciimaté of the Lake Region is controlled by proximity tg the
polar front and position next to the CGid Peru current. The region is in
the "roaring forties” and as a result receives frequent myclenic%atmrms.
Precipitation is heaviest in the fall and winter hecause of nort%vard
shifts in the position of the polar front (Miller, 1976). The
ocean-facing slope of the Coastal Mountains receives about 4000 qm/yr
precipitation whereas the lee side, and the Central Valley in the rain

shadow receive about 2000 mm/yr (Almeyda and Saez, 1958). As the storms

pass eastward, precipitation rises to over 5000 wm/yr due to the

orographic Influence of the Andes.

Vegetation ’ i
The vegetation of the Chilean Lake Reglon has been &ascribeé by




g2
Schmithiisen (19536, 1960) and Oberdorfer (1960), Summaries of tHelr

studies together with earlier floristic works were included in Heusser's

(1966) description of the vegetation, The following comments or the
vegetation in the park are based on our own observations, the d%scriyti&ns
of Hensser (1974, 1981, see Figure A2 for position of vegetatio%al zones),
the floristic studies of Mufloz S. (1980), and the ecological ané community
studies of Veblen and Ashton (1978) and Veblen and others {19??ﬁ 1879,
1980). %

The native vegetatlon of the Central Valley and the foothiils of the
Andes up to elevations of 500 m has besen disrupted by man. Prior to
European coleonization in the mid-nineteenth century, the Central Valley
was probably extensively forested (Heusser, 1974). Presently o%iy tiny

remnants of the Valdivian Rain Forest survive at low elevations.. In the

vieinity of Lago Puyehue, relatively undisturbed forest ocecurs dn the

delta, and along the road east of Termas Puyehue. The vegetatioF of most
of the Central Valley and of the low foothills consists of meadors and
forest remnants (Figure A3). The flora 1s a mixture of native ahd

|
introduced species. European l{mports such ag buttercups {Ranunc&lus?,
|

plantains (Plantago), and dandelions {(Taraxacum officinale), areéeviaent

in every meadow, and blackberries (Rubus ulmifolius), gorze (Ulex

europeaeus), and foxgloves (Digitalis purpurea) are common in heﬁgerows
and woodland margins.

The Valdivian Rain Forest (Figure A4) is present to about 850 m msl,
In the park the forests above 500 m are relatively undisturbead egcept for

selective logging of the largest trees along the road to Antiliaﬁc&‘ The
i

wet temperate climate and the thick volcanic seils support a lush rain
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Figure A2, Schematic representation of vegetational and Coleoptera associations from an elevational
transect in the Parque Nacional de Puvehue, Osorno Province, Chile. BSee Figure Al for location.
‘.’eget:atioual zonation indicated by lettam is adapted fz:‘om Vs:b},en and others (1977): (A) Diaturbed

Patagonia T@niu forest), (DY Mixed Nothofagus betuloides-N, pumili{;a forest, {F) Kothofagus pumilic
forest, (F) Nothofapgus krummholz, (G) Scrub-grassland, {H) Fellfield, (I) Bare scorla. Vegetation
zonation indicated in column from Heusser (1974, 1981}, Numbers on diagram are beetle fauna collecting
localities, Coleoprera blosssoclations II-V are from this study.
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Figure A3. The delta at the west end of Lago Puyehue (elev. 205 m above
‘msl), Parque Nacional de Puyehue, Disturbed lowland forest habitats
' occupied by Bioassociation TII. Volecan Puyehue is in the background.

La Copa in the Parque Nacional de Puyehue (elev. 530 m

Figure A4. Laguna

above msl). Undisturbed Valdivian Rain Forest habitats occupied by
Bioassociation TII.




225 !
forest. The larger trees reach heights of 40 m and have trunk diameters:
of:1.5—3 ®m. Within the area of Aguas Calientes, near the paxk1
he;dquarters, the forests are composed of 13 species of trees, mnd 11

3

3

species of shrubs,

The dominant trees are the evergreen, broad-leafed species| Laurelia

philippiana, Nothofagus dowbeyi, and Eucryphia cordifolia, and %he confier

Saxegothaea comspicua., The tree species Aetoxicum punctatum, Weinmannia

trichosperma, Caldcluvia paniculata, Dasyphyllum diacanthoides,iDrimya

winteri, and Embothrium coccineum are also common, Trunks are éovered in

mosses, lichens, fungi, climbing plants with red flowers as Asteranthera,
|

and Mitraria, and lianas of the genus Hydrangea.

The undergrowth consists of trees and shrubs of Fuchala magellanica,

Buddleva globosa, Amomyrtus luma, Myrceugenella apiculata, Myrcdugenia

planipes, Berberis darwini, and Ribes magellanicum. Ferns, including the

magnificant Lophosoria guadripinnata with leaves Z m im IEﬁgth,iﬂﬁd the

|

ubiguitous, almost impenetrable cane Chusquea quila also thrive in the

undprgrowth. The cane and the large-leaved Gunnera chilensis are

esppcially common alemg rocky ravines and slopes where the veget;tion has
beeji disturbed., Sunlight rarely penetrates the forest floor, whgch
congists of thick, wet accumulations of leaf litter and da&dfailitimber.
Abupdant invertebrates including numerous beetles, large 5-cm diameter
snalls, slugs, leeches, scorpions, large spiders, and earthworms!are
predent in this habitart,

The numerous small lakes in the park, such as Lago Esyejo, éave a

H

ricH aquatic and emergent vegetation and speciles of gedges {Carei?; reeds

(Jurjcus), and shrubs of Escallonia occur in water-marginal envirdnments.

|
:
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Stunted tirees of Nothofague antarctica are present in some lake-marginal

environemhts and in bogs that have formed from the infilling of lakes.
Forepts with a high diversity of tree species and abundance of
shrubs, lianas, epiphytes, ferns, mosges, hepatics and lichens extend up
to about P60 m msl but between 650 m and 850 m, the composition changes.
Heusser (1974, 1981) referred to the middle montane forest as the "high
montane”, |or "North Patagonian Rain Forest" (Figure A2). The dominant
trees remain the broad-leaved evergreens Nothofagus dombeyi and Laurelia
Rhiliggiaz&, and the confier Saxegothaea conspicua, but the white-—
flowered Rucryphia cordifolia, so evident in flower in the lower forest

in January, does not occur above 650 m., Nothofagus nitida appears at

690 m and Nothofagus betuloides and Nothofagus pumilio, the dominant

trees of the upper montane forest, appear near 900 m. The understory is
mich less diverse, and not as dense as that of the forests on the lower
slopes, Apn obvious visnal difference 1s that the species of cane

Chusquea cpuleu that replaces {. guila does not form such impenetrable

thickets., | The red-~and-vellow flowers of the shrub Desfontainea spinosa,

and the pipk bell-shaped flowers of the vine Philesia magellanica are

calorful agdditions to this forest,

The mixed Nothofagus forest above 960 m, referred to by Heusser
(1974) as the "subalpine” or the "Subantarctic Declduous Forest" {(Figure
I A2Y, 1is very different from the middle manﬁéne forest, This forest,

consisting |of the deciduous Nothofagus pumilio, and the evergreen

Nothofagus ibetuloides, 1s much legs diversge and has a more uniform

appearance |than those lower down the slopes (Figure A5). Three atre

smaller with heights rarely exceeding 15 m, and trunk diameters rarely
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Figure A5. Base of the rim of the large crater on Cerro Colorado above
Antillanca (elev. 1200 m above msl), Parque Nacional de Puyehue.
Subantarctic Deciduous Forest habitats occupied by Bioassociation TV.

Figure A6. View to the south from the rim of the large crater on Cerro
Colorado (elev, 1350 m above msl), Parque Nacional de Puyehue. Andean
tundra habitats occupied by Biocassociation V. The pointed peak to the
left is Cerro Puntiagudo. The classical, snow-capped stratovolcano on
the right is Volcan Osorno.
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larger than 5@ em. The undergtory is also less dense and more diverse
I

than that of %he lower and middle montane forests. Cosmon shrubs
i

include Embotﬁrium coccineum, Berberis buxifolia, Drimys winteri var.

andina, Gvidi% andina and the|ubiguitous cane Chusguea tepuiflora. The
cane 15 not p%eseut in the fotests above 1000 m, In clearings, such as
the military %irfield near Refugio Antillanca, lycopods and the shrubs
Perne;tya, Egéetrum, and Escaiionia are well-represented. Gunnera

Qccuré on rocg slides and in Yocky ravines. This forest extends to

i
elevatiions ranging from 1040-1200 m on south- and north~facing slopes,
respedtively. | Above 1050 m only stunted, snow damaged, and flagged

trees of N, pumilio are presernt immediately downslope from the

krummholz.,
|
The narrowly-restricted Krummholz on the steep slopes above Refugio
Antillanca cnn@ists of a 20 w-wide zone of low shrubs of Nothofagus

antarctica and%Naihofaggs pumilio, South and east of the crater, on

[
gentler slopesé the krummholz Hs up to 500 m~wide. Lycppods are common

in the ground gover, and the shrubs of the upper montane forests

Empetrum, ?ern%ttya, and Maytepus, are especially abundant together with
E
clumps| of the composite Senecip.

The high éndean grassland| (Figure A6) or Andean tundra referred to

|

as the "alpine, tundra"™ by Heusger (1974}, comsists of lower assoclation

of grasses, lo&—lying shrubzs, and abundant brightly colored flowering

herbs. The shrubs include, Maytenus, Embothrium, and Empetrum and the

ericaceous species Gaultheria and Permettya. Fell filelds with

discontinucus patches of mossesg, lichens, lycopods and individual plants

of the herbs off Senecio, Nassayvia, and the legume Adesmia extend above

s s
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the shrub?gr%ssl&nds to elevations of 1550 m,
METHODS

Beeties%were sampled during two field seasons that, when combined,
span an e&ti#e austral summer. Sites were revisited monthly so that
adults eme;gﬁng at different|times would be included in the samples.

The weathe? d&riug the firstifield season, October-December, 1977, was
unusually Qeé; during the segond, Januvary-March 1979, it was
exceptionailﬁ dry, and foresé fires (rare events in southern Chile) were
wiﬁespreadzi@ the Central Valley.

Sampiingistations within the park were established at approximately
150 m elev;ti%nai increments [(Figure A2). Collections were made from
the dalta én Lago Puyehue (el, 195 m msl) to the slopes above the large
crater on éer;o Ccloréda (el.| 1500 m msl}, On the lower slopes

collections were made from thp valley of the Rio Chanleufu; and on the

upper slopes from the valley pf the Rio Pescadora, and the valley of the

Rio Pileufu,. EAli locations cpllected from outside of the park were
balow 200 mjm%l; most were less than 100 m (Figure Al).

Selectﬁoé of specific coligcitng locations was dictated by ease of
accesaibility;and diversity of microhabitats available for sampling.
Locations w?r% sought that exiiibited a mosaic of arboreal, agquetic and
openwground‘hébitats. Succesq in locating sites varled hetween areas in

;! :
the Lake Reéieh. For example, undisturbed forest habitats were rare in

the Central Valley because of /deforestation; open-grounl areas were

scarce in the ?ain forests of |[the park, and asguatic conditions were

seldom enecuntéred on the Ande%n tundra,
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Table AY: Taxonomic Yist of the (oleoptera from the Parque Nacional de Puyghue and other jocations im the southern (hilean Lake Region;
the vegetational zones, bicasseciations, and habitats in whick they occur, their abundance, and dates when collected.

VEGETATIONAL ZOMES MIBITIORAL
PARQUE NACIONAL O puyehye  “OCALITIES
1 2 i 4 5 6 7 &
¥ 1y . M« 11 317100 BI0ASSOCTATIONS
COLEQPTERA TAXA E: Q;v}gg*_g Tl W T o
E B FDEEEUR%EYcE F S o o B
o b o 3% MEXOAEBS O o 8 E o
O3 wd O -ﬂ:MH;—Er—!'::EWM ﬁ & R Pq
ﬁ ﬁ ﬂ ﬁ '_8 i g i ¥ H &2
wl & o ED = — é LR 8 |
L ~ b — QoI 0 - )
=4 RACEEEETREAT 2 1 T 2
e
TRACHYPACHIDAE CG??EE??G HABHFATS L
Syatolosoma brevis Sol., 1849 - * *hx X * 23/X1 to 7/11 T1,75,78,T9,A12 }_L'j
Syarolosoma lateritium Nég., 1973 * * ki ok H/XTT to 26/1 T1 I
CARABIDAE
Tropopais bigubtata Sol., 1§49 * 8/Xt! T
Caroglossus chilensis (Esch., 1B29) dkw kk LA LI * 5/%11 to B/11 T1,74,18,79,v32
Cereglosaus darwini (Hope, 1838} *% AR * * Z2iX) to G711 T, 78,79,v28
Cerogloanus specioaus Gerst,, 1868 o 6/11 to 7/11 Tl
Caroglosous suburglis (Fabr., 1778) kE ok B/XIL to 1871 11,718,719
Ceraglosens valdiviae (Hope, 1838) * LA 4 L 87511 te 1/11 T1,74,T8,79
somolobus bastacews So0b,, 1849 * B/%H ¥32
TEepopLarus Sh. * 1876 ¥4
Cagoellius 5P * *k, * M/ to 228 11,78,79,412
Oreolius eydowei Guér., 1039 L wEE WK to 2310 ¥1,74,718,79
Pevieaspsus oivauldformis [50)., 1843) * Bkl [ . .
Hembidion dubei S0l., 1849 * wHE kwk Ak * 10/%1 to 21711 T4,76,710,¥4,¥32,A10,A12
Bambidien sp. 3 ol 182211 1o 17411 15,A1,410,412
Bembidion oFf. poaticalie Bmn., 1906 * o * 18765 o 13711 18,718,712
Bembidion setiventre Néyg,, 1973 wk wk * 1B/11 to 23711 78,75
Bembidion sp. B % * Bl to 23711 14,710,412
Bumdidion Sp. 7 *Ex % faald 1B/X1 te 21751 ¥5,77,T10,A1,A4,A10,412
Bembidion sp. 8 ol *» 1871 s 13/11 T5,17,79,T10,A4,A10,A12




Table Al (continued)
‘ T 2 3 4778 8 VT8
COLEDPTERA TAXA AT Tl SPF

KPRF  VRF  C¥ I ¢ DATES HABITATS
CARABLOAE {continued} Vo v ’ -1 - 1/1

Bembidion sp, 9 * izil Al
Bombidion margingtum Sol,, 1649 * * b B 484 1B/XE o 21711 T1,75,79,710,¥32,A8 417
Bembidion sp. 11 * 6%11 11
dembidion sp, 12 * 144 Al2
Bepbidion sp. 13 * R WKL w1941 ¥4,712
Bembidion sp. 14 faalad 21 to 2443 T8, T10
demalodera centrompouliata Sol., 1844 * * 97411 o 18741 ¥9,y¥23,¥32
Aemalodera dentimgeulata S0%., 104% * * SAXIT to 2711 11,¥11,¥32
Aemalodera Wmbata brumelpennis * * fobd * /%11 o 23711 Ve, V8. V10,17 ¥26,¥31,v32

) {Jean., 1982) Al0
Aemalodera Limbata fiemcsa S0l , 1849 * - * FAAIT 1o 2241 T4,¥11,v12,v23,v32
Aemialodera Timbata tiwmbata 561., 1844 * * * * 1041 to 7411 V6, V11,32
4demalodera testacea {Jean., 1962} * * B7%11 o 14111 V26,429,432
Trechietbus nigripermis Group Sol., 1549 = * * * 20/%1 to 21711 11,T10,A12 }
CIpEEEiia patagomioa Sehw. 5 TU5E ¥ * i 29/1 to 21/11 17,710,A2 ro
Trechinotus flavocinctus Jean., 1962 * 17/%11 ND =
Prechinotus striatulug Mateu and Pllggz. * 29/1 T8 I
Trechinl sp. 1 * E/XE1 to 14/ ¥7,78
Bothynoproctus $p. * * * * 20/%0 to 2471 T4,T5,79,710,A12
Irirgmatus {Feroniomorphalt sp. 1 Ll I LS 19/%1 te 13711 71,75,79,710,V3,AL,ALD A2
Trirammatus [Ferowiomorphalt sp, 2 e & bl [8/%1 to 13711 F1,T4,75,7T9,TI0,¥3,¥32
Parhypates {drgulovidiue) sp. ** * 8751 te 9/1 74,79, T10,¥3
Parhypates ({ssnou sériofo) sp, *hR o Kk b * * 19451 to 7/ 11 T1,74,7%,18,79,T10,V3,v32
Metius sp, 1 * Rk kH 23731 e 21711 T4,75,79,A1,A10,A12
Motius sp. 2 bl * 23K w 1071 T1,74,75.T9,¥32,A12
Abropus carni fex Fabr., 1775 * * * ek /X411 to 28/1 T4,T10,V23,v24 ,v32 417
Agonir-S P el IEH S SRR G VS E B ¥3,A12
Agomen sp. 2 Fhh kAR ARk kke 19/x1 10 1821 11,74,78,79,710,A12
Agomm cf, sp. 2 * * 1841 to 17/%1% Ti0,412
Agonum sp. 3 o _ o e JBFELY U § | e e s+ e 2 e s 2 s
Agonum Sp. 4 *x e i 18741 to 13711 T5,T10,A1,A10,A12
Allendia ohilensis {501., 1844) * * 18/%1 to §/1 NG
Pelmatellus (sensu lato) sp. |1 * AE Ok 1031 to 1711 T1,74,75,74,A1,410
Palmatellus {senau late) 5p, 2 Lol 57811 to 1711 T1,18,T%
Yelmetellus {serau laze) sp. 3 * 157611 to 1/11 T9,Al,ALD
fradycelius (Gowionellua) §p. * ** * * 20/X1 to 14711 T8,VB,A1Z
Bradycellus (Licesllus) sp. | * * 13/%11 to 91 T9



Table Al {continued)

COLEOPTERA TAXA

1 2 3 4 5 3 7 a

AT TL SDF  NPRF VRF CV 1C C DATES HABITATS
CARABIDAE (continued) v wo - oenoe 1/
Bradyoellus (Licoallus) sp. 2 * » 15/X11 to 13/11 75,710
Bradyoellus (Stenocellus) sp. il L 10/X1 to 1/11 T4,75,79,T10,A10,A12
cf. Bradycellus (Stenvoellus) sp. L] * 5/X11 to 29/1 T1,18,T9
Plagiotelum irinun Sol., 1849 * * *k * 16/X11 to 26/1 T4,T10,V11,V12,¥21,¥25
Dromiue cf. suleatulus Seol., 1849 * 15/X11 T4
cf. Dromius sp. * 111 V32
Mimodromiua sp. 1 * 15/X11 9
Mimodvomius Sp. 2 » 1/11 to 23/11 vavi
O¥TiSCIDAE
Laooophilus chilenata Sharp, 1882 * * 22/%1 to 16/1 Al2
Laccornis copelatoidss (Sharp, 1882) - * 10/XI to 197Xl Al2 '
Lancetes mixztus (Wtrh., 1881) » 17/1 ND r3
Laneetes nigriceps Erich., 1832 bbb Ak * 29/1 to 13/11 A3, A4 A5 ,A6,ALL w
Lancetas rotundicollia Bbgt., 1841 * 16/1 ' ND - &
Lanoetes varius(Fabr., 1775) e * o 18/X1 to 1/11 Ab,Al2
Rhantusa signatus (Fabr., 1775) * kool L A | w* 18/X1 to 13/11 T4,A3,A4,A6,A10,A12
Rhantus validus Sharp, 1882 * * * * 22/X1 to 13/11 A3, Al2
Rhantus Sp. * 5/X11 ND - )
Liodessus delfini (Rgnb., 1899) " * e L wr 18/X1 to 9/11 T5,A3,A4,A5,A12
HYDRAENLDAE
Gymoohthebiue elandsstinus Perk., 1980 b /1 AS
Cyanochthebiue germaini (Zzv., 1908) * bl bl * 10/XT to 9/11 T4,A4,A12
Uymnochthebiue topali (J. B-B., 1971) " * a/XI1 to 9/1I Al2
Gymnochthebius undifferentiated w *hk kkw =% 18/XI to 9/11 Ad,A5,A12
HYOROPHIL10AE
Hydrochus stolpi Gmn., 1901 bl * 10/X1 to &/11 Vi, A12
ltemiosua dejeani (Sol., 1849) b 29/1 A4
Tropiatermuw setiger (Germ., 1824) WAk dkk W **  10/X1 to 13/11 A6 A12
Paracymus corrinae Wldge., 196% * 10/} to 16/1 Al2
Paracymue graniformia 8ruch., 1915 falad 18/X1 to 1/X1I Al2
Enochrua fulvipes Sol., 1849 ok fafalal xxk  10/X1 to 9/11 T5,V3,A8,A12
Enoghrus vicinuas Sol,, 1849 * * axk wEk s

10/%1 to 9/11

Al2 A3



Tabje Al {continued)

COLEGPTERA TAXA
HYUROPHILIDAE {continued)

Enochrua Sp.
Cerayon SP.
Pevoyon N, Sp. .
Andotypus gehisorthi Spang., 1979

PTILIIDAE

Priliddae sp. 1
Ptilitdae sp. 2
Ptiliidae sp. 3

LEIGDIDAE

Dasypelates $p. 1

Dasypelates sp. 2

Buremglue ohilenais Piva., 1914
Nemadiopaia 5p.

Nemadiolua Sp.

Colon sp.

Hydnobiotue bleolor Jean., 1962
cf. Hydnobiotus sp.

Hydnodioetus cf. brunneus Jean., 1962

cf . Neohydnobius sp.
Hydnobiini n. gen.
Letodidae undifferentiated

SCYOMAENIDAE

Euoonrua $p,
of.. Buvnnug. 5D

SILFHIDAE

Oxelytrum lineatosolle {Lpt., 1840)

1 2 3 4 5 ] 7 a

-HET-

AT TL SDF NPRF WRF V10 C BATES HABITATS
Ve woo- i -1 - 11an
. 13/11 A3
» 22/x11 T4
» 29/1 T
. I N n
wE e ke 5/X11 to 1711 T1,72,78
» 7/%11 71
> 5/%15 to 9/1 il
. x T/KIL to 16/XI1 Tl
» * 1B/ te 711 TL
* o wer we w e 10/X] to 7/11 11,72,78,T9,v32
- 8/x11 T
o 77X to 17/ T1
* 8/X11 T
* 15/1 T
* 17/1 T8
* 1571 Tl
* * x1g/KI1 to /11 T1,T8
x 28/1 18
+ + 1AL to 18/1 T
* 2971 18
e * B §/X11 AB o
* *”

1711 to 6/11

11,74



Table Al {continued)

COLEQPTERA TAXA
STAPHYLINIDAE

Glypholoma temporale T, & M., 1978

Glypholoma pustuli ferum Jean., 1962

Omaliopsis Sp.

f. omaliopats $p.

Thinodromue sp. 1

Thinodpomus sp. 2

Thinodromus 5p. 3

¢of. Mnodronus sp. 4

Fhinodpomus sp, 5

¢¥. Frinodromua sp. &

Anctylus sulodeollis G, & H. 1868

Anotylus complovatus {Er., Y840)

Blediug chilenais C. & 5., 1968

Bladius olavivenime F, § 5., 1B&1

Stenug saiet Pz., 1972

Stenua hoganeoni Pr., 1883

Lithochgrias ochraceus Grav., 1802

Stiliaus chilensis Sol., 1836

Stilious sp.

Hargopnis araxoanus C. & 5., 1968

Philonthus varians (Pykl., 1789}

Philonibue (Endeiue) punctipermie
{50}., 1849)

Hiilonthus sp.

Cheilocolpus impreseifrons (S01., 1849}

Cheitocolpus sp. 1
Cheiloonlpus sp. 2
Cheilocolpus $p. 3
Cheillosolpus sp. 4

Yeldiviodes ashuorthi Smet., 1980

Loneoptling (Lienturius} cf. hagrdi
{Bkw., 1944}
Lonoopi Lug (Lienturiua} Sp.
loncopilius {Loncovilius) Sp. 1
foncopt liua {Loncovilius) $p. ¢
Leuontachinus luteonitens {F. & G.,
1861)

1 2 3 4 ] &
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Ve 1 . i o+1r -
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Wi x
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* * L3
e T peee—
* *
*
* *

i
IC ¢

i/

g

DATES

18/X11
57411 _
18/X11 to 217411
15/1 to 2271
8/X11 to 1771
6711

187Xt to 13711
9/11

20/%1

29/1

17/1 te 1/1t
22/%11 te 1711
87411

B/x11

16741 to 19/1
10741 to 9/11
221X11

22111

8/X11 to 1711
21/X11

9/1 to 1411
18/%F to 6/11

8/X11

/X1

168/X11

22/1

16/%11 to 22/1
2/%11 to 1/
18/%i1 to 29/1

""" JE:75 SN TN 0 6 R

1g/X1 to 2275110
25/1

17/%11 to 25/1
6711

HABITATS

11

T1

T!

Tl
T4,¥14
Va2

T1,74,75,T10,A9,A16 AL2
AS

110

AlG

T1

Tl

Al2

Ai2

Al2
¥3,¥32,A8,A12
A2

Al2

T3,79,V32 412
Ti

T1,73,A10

TL,75,79,T10,A1 A4 ,A10,A12

TL
ND
T1
Vi1,yé1
T1

T8,A12
71,78

TRYZTT

TH,¥3,A12
T1,v13
vi3,y25
¥i2

~LLT~




Table Al {continued}

COLEOPTERA TAXA
STAPHYLINIDAE (continued)

Fomimocerus mapginicollie {Sel,, 1849}
Alewchara sp.
Alencharinae sp.
Aleocharinae sp.
Aleocharinae sp.
Aleocharinae sp.
Aleocharinae sp.
Alescharinae sp.
Alencharinae sp.
Aleocharinae sp.
Aleocharinee sp.
T RTenthariee spl
- Aleocharinae sp.
Aleocharinae sp.
Aleocharinae sp.
Aleocharinae sp. 14
Aleocharipae Group 1
Aleocharinae Group 2
Alepcharinae Group 3
Aleocharinae Group 4

2 30 el G U ) P

et
L3 B e O
]
i

PSELAPHIDAE

bulminiomis araucanus Jesn., 1962

Achillia sp. 1

Ackillia sp. ¢

Fyropaie adumbrate Kttr., 1885

Pyvropeie delamarei Jean,, 1962
_Myrepsts Sp.

LUCANIDAE

Chigsognathus grantt Steph., 1831
Chiqeognathus latreillei Sol., 1851
Selerognathua bacohus Hope, 1845
Fyenosiphorue oaelatws 8lanch., 1837

i 2 3 4 5 & ¥ 8
AT TL SDF  KPRF VRF  Cv it "

¥ . ¥, . Iy o« 15« I1/IT1
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ek *
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b ] * *
* ek & * Wk
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DATES

251 to 22/511
19/%Y to 15711
1/11

22/1 to 29/1
/1

8/x11

18/1

22/%11 te 111
1/11

/1

2971

64411 to T/LE -

8/%1Y

IB74E1 to 26/1
147X to 7/11
5/x11

18741 to /11
57211 1o 13711
57611 to 1411
8/X31 to 23731

/11
22/X11
24/1
16/%11
6411

B/X1I to 1711
77511 to 2941
23X to 6/11
22/X1 to 14/11

T9

HABITATS

Alz
T1,A12
Al

T1

11

AB

18

T

AlLALD

18

T8

Tl o e
A8
Vi3,V21,V28,¥32.A8
T

11
T1,7T4,T10,V3,V12,48,A12
¥izZ,A8
V6,V32,A1,A7,A8,A12
18,¥6,V11,¥13,v21,¥23,V25,
V28,v32 AR

-9£g-

)
Ale
Tig
11
T8

T9,¥19,A10

T9,T10,v3
TL,T5,77,V3,v32
T1,T4,15,17,78,74,V3,¥12.
v2a,v1



Table Al {continued)

B F 6 T Fo R /T I oo T ) IO ¥ v

(OLECPTERA TAXA
LUCANIBAE {continued)

Pyanoaiphorus femoraiis Guér., 1839

Fyenogiphorug Cf. famoratia Bubr., 1839

Byanosiphopes 5. 1
Fyemnsiphorus SP. 2

SCARABAE I DAE

Hohotomina torufomes (Esch., 1827}
Aphodiue fulviventris Frar., 1860
Aphodiua granareius (L., 1767)
Martinascstes veper (Phil., 1859)
Frow chilensis Wid., 1872

e Trom omgitaraia Wld, 872

Frickius variolosus Gmn., 1897

Botborhimum lassioolle {Frmr., 1856}

Agtaenus sp.

Saricoides sp,

Sericoidea sp.

Sericoidea Sp.

Sepicoides sp.

Seriooiden 5p.

Sertooides Sp.

Bertocides sp.

Sarivoides shlorostictus 8lanch, 1861

Sericoides 5p. 9

Sarfonides sp. 10

Sericoides sp. 11

Sericotdes sp. 12

Seriqoides ¢f. chioreatictus Bianch.,
1851

ed B GTE e Gt DY

Sertcotdes sp, 14

Serfecidsy sp, 15 .
Oryotomopphie bimgouwlatuy Guér., 1830

Araqohysternus epectabilis Erich., 1847

dylamorpha elegane Burm,, 1844
Liggrus vellosus Surm. , 1847
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» 11« ILFITE

DATES

5511 to 7711
9/1 to 14711
11

174311

7%i1 to 2971
B/X1Il to 16/XI]
18/11

6/11

17/1 to 2971

19/K1 ta 2971 T1

1/X11 to 29/1
157511

18/7X11 to 25/1
187K

25/7X1Y

77X0LT to 298/1
14/X11 to 217411
227%11 to 1751
18/%1L 1o 24/1
19/X1D ta 210011
15/X11 to 227%11
1071

B/KIL to 15/%11
29/1

1/11

1841

2571

HABITATS

¥8,79,V3,¥21,v23,v32
T1,78,79
T4

¥3

T1,18,79.T10
74,412
T4,v32
Tig -
71,110
TL,T4
¥6

Te, V32
18

T4

11!

247t 21 wm“—$4-¥9 Y17 26 V35AL2

91 to 1711
B/X1l ta 21711
207XT to 1711
271 to 23411
b/t

?4 T4,¥3,v32,A10
YQ,VEI,?ZE,VZS
T10,¥11,V32 AL, ALOALL
17

-tz



Table A} {continued}
. 1 2 3 4 5 8 7 H
COLEGPTERR TAYA AT T SDF NPRF ¥RF ¢¥ s { BATES HABITATS

HELODIRAE V. ¥ . (SRR f NP A 2
of. Moropara $p. ® * * bl * B/XLY to 2171 T4,710,¥6,¥12,¥17,¥32 AL2
Cyphon 5p. 1 * 91 ¥ag
Cyphon Sp. 2 o 1711 T4
Dyphon $p. 3 * 2741 ¥21
Lyphon $p. & ‘ ok ek 57011 to 1671 Yh,¥11,V12,V16,¥21,v24,¥32
Priorocyphon $p. dhw o kk XXk * * 1980 o 21701 T4,¥12,V17 V24,432 ,A8,A12
Helpdidae sp. 1 * * bk * * 5AK1L to 13780 V6,¥11,V17,¥32 A6
Helodidae sp. 2 * 5711 to 1041 ¥6,¥32
Helodidae sp. 3 * * 24/%1 to 9/XI1 Va2
Helodidae $p. 4 * * 9/1 to 2211 ¥il,vi7
Helodidae sp. 5 * B/X1Y to 1041 T4,¥17,¥23,A1
Meiﬂdiﬁ&ﬁ Qp;uwsﬂ U RS, RN, VY Mgmdrw i4f%l§ J. Mva‘hvagiv‘?}a e e+ e = e
Helodidae sp. 7 el * wEk kk *k * 19751 to 14711 T4,v6,¥11,V14 ,v18,V21,¥23,
val,v32,Al,AB,A12 0
Helodidae sp. B * B/X11 ¥23 @
CLAMBIDAE f
¢f, Clambidae sp. o * 18/1 ¥31
PSEPHERIDAE
Tychepsephere of. felie Wtrh., 1876 * 20/%1 A12
HETERDEER IDAE
Heteroceridae sp, ek * 22161 o 9711 AlZ
ELMIDAE
Ausirolimmiug ohiloengie (Champ., 191B) bl g;‘{% - iz
ARETTT DIm RE S A, Rl R S T SRS T 5
Hgonlmie B, sp.P ¥ * 9711 to 13/11 A9
Stwthelmis Sp. * * 1877 to 9711 AG
Bydova wmectens 5. & B., 1981 * 26711 Tio

Elmidae n. gen. > * #* 18/ to 13711 AS




Tabla Al {continued}

i 2 3 4 5 & 7 8

COLEGPTERA TAXA AT T SBF  WPRF WRF (¥ it N BRTES HABITATS
. . 1 171
ELATER]DAE v v i ! /1
Compy Lowenue pyrothorur Frar., 1860 * 5/K11 19
Amaspasia parallsla {Seol., 1851) * 1671 to 23711 ¥yi1,v12
Semiotus Intaiperis Guér,, 1838 * * S4%11 to 21/%11 ¥25
cf. Cosmeaus sp. 1 * 21/X11 Ti
cf. Coamesua sp, 2 * 217411 Ti
Agriotes auatralie Frar,, 1883 * 177X T1,V3
Isahnodes reedi Cand,, I88] * i1 Viz
cf. Utenioerg Sp. d 9/%11 ¥23
cf. Ctenicera §p. 2 * 9/Xil Va3
¢f, Ctanivera $p. 3 * 1771 V32
Deromecws impressus {Sol., 1848} * 22/X11 T4
A S e s M XN BT to TAAIL . . T4,T9,VB .40, V12 VIZ V26, Y32
Darameowue sp. 2 * /1 yaz
Baromgous sp. 3 * B/X11 to 1771 V¥14,V23,¥32 f
Daromecus sp. 4 * g1 te /11 vaz 5
Dercsecous sp, § * 227411 1o 971 yig,viz w0
Deromgous sp. 6 -k 237X1 Al2 !
Deromecus sp, 7 * 2971 ¥32
Dovomecus sp, B * * 1673811 o 1771 V32,A82
Deromacus $p. 9 ’ * 15/%31 T4
Derpomacus 5p. 11 * * 247X1 to 1711 T4,V17,%32
Heromaous Sp. 12 * * * 167X o 22/1 ¥11,¥12
Deromecus Sp. 13 oo Va2
Deromecus Sp. 14 * * 23/%1 to 971 L
beromeous sp. 18 * FiRLl ¥23
of. Deromgous sp. 1 * 5741 vig
cf. Daromeous Sp. 2 * 25/1 vi2
Gommephorus oandezei Fleut., 1907 * 6/X11 T8
Hypolithus magellaricus {Blanch., 185]) e« * A to 29/1 T1,T8,79,T10
Modomia sp. 1 R T4 1 Vi
Medonia sp. 2 * * 5/X11 te 14711 T5.v12
Hegaotrintatose—{Cand——1B78) ¥ 18/41T 10 2941 11,110
ﬁggmtpiw sp. o ZS;‘I[ to 22;‘&[! 15 ,T!G
. Fomachiliua Sp. * * 9/1 to 22/1 Vil vz
LAMFYRIDAE
Fyractonema athomarginata $01., 1849 bl 1741 v14,v32



Table Al {continued)

i 2 3 4 & b 7 f
COLEGPTERA TAXA AT T SOF  NPRF YRF Oy if C BATES HABLTATS
¥ H 111 IF ISFAE!
LAMPYRIDAE (continued)
Pyractonema angud tata Well,, 1960 * 24841 viz
Pyractonema leticr McD., 1960 * * hdal B/XE1 to R0/%1Y T2 923,932
Pyractonema of . latior WeD., 1960 * * 2271 to 541 Vi1 ,vaz
Pyractonemy nigripennia Group * * *hE R b * * H/XT te 14718 F1,758,79,710,¥3,¥5,¥9,¥10, - .
Sal., 1849 Y11,¥12,¥13 V14 ,V18,v13,¥20,
V21, V23,¥25,V23,V32,A8 ,A10
Pypastonamg rhododera S031., 1849 * » 57811 o 2212 ¥11,4A8
Pyraotovema sp. 1 Wik S7%11 ta 2971 ¥10,V32,410
Pyraotonemg Sp. 2 * /11 Al
CARTHARIDAE
- Oyemovphoseeas L Lt sornts Guer,, 1838 - AL L L 18/X1 te 23/1F Vﬁ.xél,VlB.V{ﬁ.VI?,VZB,V32
Al, 1
Ooritedug Sp. . ~ * /%11 to 22/1 Vil,vaz e
Chauliognathus variablis (So01., 1849) » * hdd Wik Wk * * 19/X1 to 21711 VE,V12,v14,¥17 ,v19 v21,v23, o
V28,¥29,V32,AL A8 Al2 !
Hyponotun albosinetm {Pic, 1926 * A * 1041 to 9/11 v6,¥12,v32
Hyponotim grandisolle (Pic, 1928 * % /1 to 23711 V11,¥13,¥16,¥17 ,¥26,432 AL
liyponotun keauoei (Phil., 1861) * 11/1 ¥32
Hyponwobwn wiolacgipemne (Fic, 1928) e 177411 V25,48
Hyponcitum sp. * 1771 ¥iz2
Miopanotien nodicorne (Se1., 1849) kW 147511 10 28/1 FEIUS B IRTK Y,
Fleotooephalon testacewn (Pic, 1928) * * * /AL to 21/A0H T4,¥32
Lantharidae sp. 1 * 1/ Al
ANOBITDAE
Xyletomerus Sp. » 24/X1 ¥32
of, Xyletomerus sp, ™ 227411 V32
fyrrhodes nigrioolor {Pic, 1912} * B/XLT ¥l
Byrrhodes %p. * 8/%11 ¥
TEERaEEr Aereordatie TPT, 1920) OO e 2¥ Y10, V26, va2
Ceenovara nigere  (PRi1., 1864) * 8/1T1 e 23711 Vii,v3z2
of. Pughotelus $p. * 1/t ¥zl
Steiohtopiyohus cf. brepieoliis * /11 Alz

{Sol., 1849)




Table Al {cootinued) %
i 2 3 4 5 6 7 8

COLEOPTERA TAXA AT TL SBF  NPRF WRF OV 10 C DATES HABITATS
v . v » nmro«ar o« Ii/iH

TROGOS 1 T{DAE
Calitys sp. * 22 /%11 T4
CLERIDAE 4
Nataiis dmpressa {Spin., 1849) * 1923 yig
faolemidia sp. 1 * F7H te 23/1 vil,y3z
Eurymetopun sp. 1 : * 2271 to 23711 ¥ii vzl
Buryme Lopus sp. 3 * 2271 ¥il
Eurymetopun sp. § * 2271 to 2371} V1l
Burympiogmen sp. 5 * 9/1 V17
Burymetopum 5p.- 6 * 2271 V1l N
s e ANGMEROPURE SR T s ek e e K e 12 I ¥ 2 1 2.2 S L C "> ¥4 e e e e =
Burymstopter Sp. 9 * * 16/1 to 7/11 Vi7.vaz i
Byrymatopum sp. 10 * 8/%11 Vig o
Cleridae sp. * *22/1 to 2411 V2g,v32 ha
I
MEL YRIDAE
of . Astyliue sp. . * 157511 NG
Baaytes hagmorrhoidalis 501., 1849 * * * 67311 to 6711 ¥ll,vi2
Dagytes marginipennia Sul., 1848 * 15/%1 o 23741 ¥iz,Alz
NITIDULIDAE ’
Bravhypterss n. Sp. * 8/7%11 vig
Perilopeis flava Ritr., 1873 * * 1G/1 to 23711 VE,V11,¥26,v32
of . Cychromus Sp. hul B/KET to 227411 ¥1.74
Cryptareka sp. 1 * 16/11 y26
Uryplapcha sp. 2 * * * 971 to 9711 V1i,va2
PROTOCUCHI I DAE
Eriomodes fuscitarsis Rttr,, 1678 Ak kww 7/%11 to 23/11 V6,v9,v11,V17,¥23,V26
Eriomedes sylvaticus Phil., 1864 * *hk x * * 23/X1 to 14/11 V6 VB, V9,VI2, Y16, VI7 ¥26,V32
CUHCUIIDAE

Crypbasmorpha pedtenbacheri Ritr., 1876 bl 97x11 to 18/1 ¥il,viz




Table Al {continued)}
1 2 k] 4 5 6 7 8

COLEOPTERA TAXa AY TL SOF  NPRF WRF v i€ N SATES HAB]TATS
CRYPTOPHAGIDAE ¥ iv . |93 I SR {71
Peawdoohrodes suturalds RLtr,, 1878 * * 19441 ta 6741 Viz2 A2
Cryptophagidae sp. 1 * 157Xk to 1711 T4,V32,A1
Cryptophagidae sp. 2 * B/XID to 1741 T1,W12,¥17,¥32
cf. Cryptophagidae sp. 2 * TR0 to 2271 v2l
PHALACRIDAE
Phalacridae sp. *h 19/41 Al2
COCCINELLIDAE
Rilgobiug ohilianus Mader, 1957 * 14411 to 23/11 ¥26
Seymmua {Pullus) sp. * 10/1 to 23711 ¥i1,v26
Cranovyesus chilensie (Crtch., 1874) * T7x1 ¥23 i
Cranoppesus germaini Lrich., 1874 * 8111 V1z i
(ranoryssus $p. * 13713 ¥32 ﬂ
Grynipua ehilensis {Urtch., 1874) * 14711 VZ6 i
Urynipus darwind Brths., 1924 18/1 ¥il
cf. Orynipus n. sp. 1 22/1 ¥1i
of, deynipue &, Sp. 2 ] * * 10/1 to /11 ¥6,¥32
Epiopia connaxg ohilensis Himn., 1972 ko kRR **  9/11 to 21711 79,T10,V14,¥32 A1 ,A10
Adalia anguliferqg Muls,., 1850 fad 149741 A
Adalia deficiens Muls., 1850 Yokk ok 87411 s 23/11 VI, V6, V6 V11, V14 V23, ¥32
Malia kuscheli Mader, 1957 * 23/X1 to 14711 V8,¥9,V32
Py llobora piota (Gmn, ,. 1884) * w 247%1 to 185711 iz
Sarapidus austrelis Gord., 1977 * wh o B/XLD te 9711 V18,¥23,v32
Strictoapilus darmrini 8rths., 1924 * * * 1711 to 18711 V23,¥31,V32 ,A12
CosgingLling n. 5D, * 157511 to 23711 ¥e,¥32
LATHRLOQI IBAE
Aridiue heveronvtus {Belen, 1891) * 8/X11 to 2271 $11,V17,V32 A%
Lathridiidae sp. 1 *% * * * 197K to 14/71% ¥6.V23,¥32,A1 AR,ALZ

Lathridiidae sp. 2

it

vi2




Fable Al (continued)
' ] 2 3 4 B & 7 8
COLEOPTERA TAXA AT TL SOF  NPRF YRF O £ L BATES HABITATS

Thirncbatia rufipes panai Frde., 1960 wxk BRI 13
Mycterinus abdominaiie ESch., 1829 *hk £111 73,75
Pracceis costata Sol., 1B4D e G711 13,75
Oligocara nitids So6l., 1861 oo * 15/K1 to 6711 19,¥32
of. ddeliwm sp. . * 15/x51 . Va2
deliofugue ‘mpressus Guér., 1830 * 16/X] to 23/11 19,¥3
Homooyrtue dromedarius {Guér,, 1830) * * 5/X11 te 1771 ¥32
SALPINGIDAE
Cyeloderns rubricollis Sol., 1851 o 29/%1 to 2371 ¥11,v12,v32
Salpingidae sp. bl 1a/x11 ND
BEDOMER IDAE i
ha
Macopeelaphus maoulicollis Sol., 1849 * W * ¥ " 18741 to 14711 ¥5,¥9,V12,V26,V32,.A8 e
Platylytra vittiooilis F. & 6., 1863 * 9/1 V32 : ¢
Sisenecantharis chilensis (Fror., 1863} * Y/XID ta 16/XI1 W7 V12
MELANDRYIDAE
Orchesia sp. 1 *% * * = 11 te 15711 VE6. VB, V1T, VI7, V21,432
Orohesiac sp. 2 * 7711 11
Melandryidae sp. * 1471} ¥2h
SCRAPTIIDAF
Scraptiidae sp. * 15/%11 to 22/%11  V5,y32
HORDELLIDAE
Mordella alboguttata S61., 1881 * 7711 ¥z
Mordellidae sp. i w 2511 Y10
Mordellidae sp. ? * 1711 T4

HMordellidae sp, 3 bl * 15/X11 to 89711 ¥b,¥iz Va2




Table A1 {continued)

COLEOPTERA TAXA

MELO1DAE

Epicaita $P.

ANTHICIDAE

Anthicidae sp.

PED1LIDAE

Copobaenus cf. nobilis (F. & G., 1863)

Lagrioida obacurella F. & G., 1860

CERAMBYCIDAE

Mieroplophorus magellanious Blanch.,
1851
Holopterus chilensie Blanch., 1851
Sibylla coemeterii Thomson, 1857
Chariergus testaceus (Blanch., 1851)
Callideriphus lastus Blanch., 1851
Callideriphus sp.
Hoplonotus spinifer Blanch., 1851

Aconopterus cristatipennis Blanch., 1851

Hebagtola cf. carcharias Lamre., 1893

CHRYSOMELIDAE

Pachybrachis sp. 1

Pachybrachis sp. 2

cf. Cryptocephalus sp.

cf. Habrophora sp.

Strichosa eburata 8lanch., 1851

Phaedon eemimarginatus argentinensis
Bé&ch., 1950

Phaedon semimarginatus eyanopterus
Guér., 1844

cf. Gavirga sp.

Aulonodera n. sp.

1
AT
v .

2 3 4 5 6 7 8

TL SDF  NPRF WRF (¥ IC C
v . nr -« 11 H/IIT
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*kk K * *
*
ke
*
*
*
* *
*
*
* *
*
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*
* *
* * *
* * *
Ak kKR W hk
e
sk *

drik

Wk

DATES

14/1 to 23/11

18/X1 to 14/11

15/X11
6/11

15/X11

15/X11

17/X11 to 21/X11
23/X1 to 1/11
15/X11 to 1/11
15/X11

1071 to 9/11
/11

1/XI1

1/11

1/11 to 9/11
1/¥11 to 27/1
22/X1 to 7/11
22/X1 to 14/11
17/1

18/%11 to &/11

25/1
7/X11

HABITATS

T6,V32

V32,A1,A8,A12

V6
T7,V32

T4

Va9
T4,v25,v29
V23,v2g,v32
T4,v29

V29
T8,V16,v32
V32

V32

—9he-

V32

V32

v21,v32

viz2
T5,V¥5,V8,V32
V14

T5,V14,V19,v32 A1 ,A8,A12

Tt,T8
Tl




Table Al (continued}
_ 12 3 & 5§ TR
COLEOPTERA TAXA AT TL SDF NPRE WRF (v 1C C DATES HABITATS

CHRYSOMELIOAE (continued} e W R A
Altiea 5p. 1 * WAK ok Ak 18741 1o 23711 T9,V16,V18 V19,32 A1 ,A3,
AB,AL2
Aliieq sp. 2 ok 2241 ¥zl
Alticinae sp. 1 * ok BAXIL to 17/%11 V14,48
Alticinae sp. 2 L ¥ 8 Fi,¥23
Alticinae sp. 3 * Fi2 83 ¥
Alticinae sp. 4 * 6/11 vz
Alticinae sp. 5§ * 2571 11
cf. Urepidedera sp. 1 * X1 vi7
¢f, Crepidodere 5p. 2 * I ¥32
Aulavooklamya Sp. * 57611 tg 1071 V6,V17
(howtoonema sp. * * * /11 to 14711 V8 V32
Xuscheling decorata (Blanch., 1851) * * * 29/1 to 14/11 V2,04
Oyarmna sp. * 1871 T8
Paathyrocerus cf. unicolor {Blanch., # 9/1 V17 RS
1851} o~
¢f . Planagetea sp. LS L B LD /811 to 18/1 T8,v1i,V12,v18,v21,v22 ,v23. L{‘
vaa,v25,y28,v32
¢f. Varicoxa sp. whk Wk 2241 te 2711 T1,¥21,v32
ANTHRIBEDAE
vrmigcus parvuius (Blanch., 1851) * 14711 F ¥
of . Plintheria n. ges. sp. 1 * 14711 V26
¢f. Plintheria B, gen. sp. 2 * 2271 ¥21
of. Plintheriz s, ges. sp. 3 * 14711 veé
¢f, Plintheria n. ger. sp. 4 * 14711 ¥26
SCOLYTIBAE
Gnathotmipes 3p. * 87511 to 18/%11 Ti
ATTELABIDAE
Sugnamptoplesius violaceipennis W 5/411 vig

(F. & 6., 1860)
Mirmrus testaceus Wirh., 1842 * * 57311 to 6/11 ¥ig,vi?




Table Al {continued)

Erirrhininae a. gen, sp. 2

W

ik

5/X11 to 1041

1 2 3 4 & & 7 B
COLEQPTERA TAXA AT Te SBF  NPRF ¥RF ¥ 1Z C DATES HABITATS
SELIDAE V. v 11y - 11 1i/1H
Priochophthabme mi ltonerus (Biagc?;. s * * * 19/41 to 17/1 V6,415 ,¥32
851
CURCUL1OKIDAE
Nototactua anguatiroetris Kusch., 1952 o 8/X11 to 14/K11 ¥23,u24 432
Eolydmsus nothofagi Kusch., 1950 L ¥ 157411 to 9711 V23,Vaz
Megalometis spintferg Boh,, 1842 * habebd b 57411 to 14711 T1,vil1,v12,vi6,v26, V32
Hybrgoleptops tuberculi fer (Boh., 1842} * * Wk * 19/X1 to 14/11 V11,v26, 32 :
basydema hirtelia Blanch., 1881 * il AL Wik wex o aw ENTL o 14711 Ti,¥2,¥5,v6,V8,Y9,¥10 V11,
. ¥13,V14,V16,V17,v18,v21,
] ¥23,Y25,¥26,Y28,432
Philippius auperbus {Reed, 1872) * 1571 Ti
Pouleaniup carinicoliia {Rtanch., 1851) W= * 7/X11 to 28/1 T1,78,T10
Iiwtrodares angueticeps Blanch., 1851 * 18/%1 A1z
Listroderes attenuatus Gmn., 1885 * 217411 to 11/} Tl
Listrodarea dewtipennis Gmn,, 1895 * hid §7%11 to 31/1 T4,79,T1D,A1D
Lintroderas Pulvicornis Gmn., 1895 * 187411 to 2971 11,716
Listroderes sp. * * 157%1] to 22/1 T4,79,v2
Liegtronotus linentieollis {Ifisgtl‘s!}:h., * 22 Al2
ILatronotus minutue (BYanch., 1851} * * 10741 to 1711 ¥az a2
Pgrergus uxillarie (F. & &., 1861} * 20731 to 23711 T9,A12
Tartarisus signatipennis (Blanch., 1851} - 18/1 T8
Fotho fagincides andinug Kusch., 1952 * I8/XI1 to 20/Xit V21
Kothofagobiue brevivoetria Yusch., 1952 w W * bl * /X131 to 14711 V23, vah,val vz
Negpailorhinus aollarie {Blanch., 1851) * 157311 V5
Weopoilorhinus variegatus {Biawi:i}l., " 1711 ¥z
185
¥eopailorhinus sp. * 7711 to 14711 Y32
Rhopalomerus temeirosirie Blanch., 188} * whAE W * * 23/X1 to 14413 ¥5,V6,V8,V12,V26 V32
omoides validus Kusch., 1952 * 9/%11 _ yi2
Umeides variabiiie [Phil., 1864} * F7X11 to 1571 ¥1l,vaz
Bpaetiue earinulatus Xusch,, 1952 * 14/%11 W24
of . doratolous n. 5. * /11 ¥a
Erirrhininae n. gen. sp. 1 AL J7/%1 to 25/1 ¥21,¥25

VZ3,vi6,¥32

-9%7~



Table &1 (continued)

Yorvcus luteoius Rust,, 193%

24741 ta 10/%

. 1 F4 3 4 5 & 7 &
COLEGPTERA THARA AT T S0F  NPRF VRF ¥ it C DATES HABITATS
CURCULIONIDAE (continued) y W R
Erirrhininae gen. indet. * 2471 19 :
Aegorhinue nodipermis (Hope, 1836} * " hk ok 247%1 to 23711 ¥i1,V14,v21,923 V25,426,
. V29 ,vaz
degorhinug ochreclus Kusch., 1951 wRE kkk hdehd 5711 to 14711 ¥12,¥23,v32
degorhinups oculatus Kusch., 1861 ko T/ELD to 2441 Tio
degorhinwg opacyiye (Desbr., 1910) " ® 8/7X11 o 13/11 ¥18,viz
Aegorhinug aerpillei {Sol., 1B639) * * * * X te 6711 ¥5,v12,v32
degorhinus ypituiue bulbifer KL;SC?:. N * ** bl * wox % 22/X1 to 14711 ¥23,v26,¥32
851
Seivpiecla chilensis {Blanch., 1881) * 18/%1 AB ALZ
Apiom 5p. 1 . wik 1711 ¥32
Apion Sp. 2 Wk w 22/%1 to 1713 T4,¥32,A1,A8
Apion sp. 3 falale * 22/1 to 14/ VIL,v2é
Apion sp. 4 * fatd * 22741 to 23/1% ¥1L,V23,¥26 V32
Apion Sp. & *k * 2271 to 14711 ¥9,v11 V26
Apion sp. & * * * * 17/411 to 23/1}) ¥11,v22,¥26,¥32
Anthonorses ornatus Blanch., 1851 * *ik wE S741F to 14711 y&,V9,¥12
Berberidicola eremulata {8lanch,, 1851} * Ak & L 22/%1 to l4s1% ¥5,V8,V9, V11 ,V17,¥26,¥29,¥32
Berbevidicole exarata {Blanch., 1851) ¥ 16X ¥3)
Folylophue elegane Blanch., 18§81 * 9/1 vi7
Fzepholax dentipes (Blanch., 18513 ** » 24751 to 1711 T8,¥9,v20,¥32
Avallea pigius Blanch., 1851 * y3z2
Acalies tristis Hlanch., 1881 * 2271 79.
Acalles of. pariegotus Blanch,, 1851 * T2 441 v23
Acallea sp. 1 * 157811 14
Acalles sp. 2 * 5/%11 ¥32
Acalles 5p. 3 * 1871 ¥il
Acallas sp. 4 hd /11 ¥iz
Fhyephense goureaui {6. & 5., 1839) * /%11 ¥32
Ehyephenee mailled {G. & 5., 1839} * * AR & * 24741 to 14711 ?gé!ﬁ) LVEE L Y23,V26,¥27 V29,
¥
Chilebaria tenuig (Blanch., 1851} * i7X11 ¥z
fuoalus thoractouws (Phil., 1864) *k 1870 to 247101 ¥32,A12
R xKw

V3i2,A8,A12

~L9T-



Table AY {continued}
1. Systematic order of colevptera infrafomilial taxa after Blackwelder {1944-1947},

Z. Familial order foliowed by U.5. Department of Agriculture apd B.5. National Musews,
3. Humber of individuals: % = 1.5, & « {15, *** = 10,

4. Habitat types: Tl = dung-baited pitfall traps, T2 = dung-baited pitfall traps on open sand, T3 = ¥n cattle dung, T4 = light
trapping, T5 = on open sand, T6 = on rocks, T7 = open sandy area {wet}, TB = unbaited pitfall traps, T9 = under log,
TG = under rock, V1 = in fungus, VZ = in leaf litler, ¥3 = in rotien wood, V4 = in wel Teaves, ¥5 = on Aaxtoxieon punctatum,
Ve = on Ammyrius hama, V7 = 0N Azarea sp., Y8 = o0 Berberis darwini, V9 = 0n Bevberie sp., VID = on Chusquea quila,
¥11 = on Chuaquea Sp., ¥1Z = on Primys winteri, Y13 = on cf. Ericacese, V14 = on Fseglilonia virgata, Y15 = on fern, V16 =
on Flatovia asanthoides, Y17 = on Fuchala mageilanica, Y18 = Puchava sp., Y19 = on Swmera chilensis, Y20 = on Myrceugenelila
Sp., V21 = on Nothefagus antarotica, ¥22 = on Hothofogue betuloides, ¥23 = on Nothofagus dombeyi, V28 = on Nothofague nitida,
V25 = pn Nothofagus pumilic, V26 = on Nothofague sp., Y27 = on Fothofugus sp. (deadfali), ¥28 = on dvidia andina, V29 = on
Peraeq lingua, V3 = on Hibee Sp., V31 = on Sarvegothaea Sp., V32 = on vegetation, Al = in moist vegetation {pond marginal},
&2 = in moss near waterfall, A3 = in shallow water, A4 = in shallow weter {mud bottom), AS = in shalliow water {no vegetation),
AG = in shallow water (weedy}, A7 = on aquatic flowers, AB = on emergent vegetalion, A9 = shallow runming water, A0 = shore-
tine debeis, All = small algal choked poois, Al2 = trampling water marginal vegetation, ND = no habitat data.

-8RI .
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function of the uneven distribution of microhabitats.

The objective of the mathematical analysis was to discover patterns
within the large data set. This was achieved (Figure A7} by cluster
analysis of coefficients generated to express the similarity in species
content between pairs of collecting localities. A Q-mode type of
analysis was employed in which the various samples were compared to one
another on the basis of the taxa they contain. In this study, these
coefficients are merely quantitative descriptive numbers based on the
presence or absence of taxa. Although a number of binary (presence-
absence) similarity coefficients have been used in biocassociational
studies, the Dice coefficient, developed by Dice (1945) and advocated by
Hall (1969), was used in this study because it emphasizes similarity.

The Dice coefficient is expressed by the formula:

2C x 100

Nl + N2

Cp =

where CD = Dice coefficient, C = number of taxa common to both samples;
Nl = number of taxa present in the first sample, N2 = number of taxa
present in the second sample. Coefficlients were computer generated
using a program written by R, D, LeFever, Geology Department, University
of North Dakota.

A computerized version (Davis, 1973) of the WPGMA clustering
procedure was used to define relationships within the similarity
coefficient matrix. This particular method of cluster analysis was

chosen over others because of the disparity in the size of samples being

compared, Similar samples were grouped (clustered} and clusters are

displayed in a dendrogram (Figure A7). The dendrogram, in summarizing
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Figure A7. Similarity matrix (trellis diagram) and binary tree
(dendrogram) showing patterns of similarity among 41 beetle fauna
collecting sites. See Figure Al and Figure A2 for location of sites,
Similarity is measured by Dice's Coefficient. Large numbers along
diagonal are collecting localities, small numbers In parentheses are
taxa collected, The pattern of each square in the matrix indicates the
degree of similarity, as depicted in the explanation. The dendrogram
shows the order of clustering of the localities by WPGMA. Dark patterns
proximal to the diagonal, as from localities 11 to 8, indicate groups of
localities with many taxa in common. The major groups {(clusters), II-V,
are indicated to the left of the matrix and are separated by patterns on
the dendrogram. Dark patterns within the matrix {(for example between
localities of group II and III)} indicate that some localities within the
groupg have a number of taxa in commom,
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the original matrix of similarity coefficients through the process of
averaging, distorts the original relationships between the samples being
compared. At times, the degree of similarity between two samples is
masked. That problem was counteracted by showing similarities within
the original matrix of similarity coefficients as a shaded trellis

diagram (Figure A7).
RESULTS

A total of 462 species representing 48 families were collected from
41 locations in the park and surrounding region. The vegetational zones
and habitate from which the species were collected, their relative
abundance, and the range of dates when collected are shown in Table Al.
The number of taxa that occur in each zone and the percentage of taxa
restricted to éach zone are shown in Figure AS8.

The results of the cluster analysis of the similarity coefficients
are sﬁown in Figure A7, Major clusters are distinguished on the
completed dendrogram by tight groupings of ssmples jolned at high
similarity levels. Four principal clusters of localities, separated by
faunal discontinuities, are evident in the dendrogram. The faunaly-
related groups of samples are also indicated.by darkened regions in the
trellis diagram. Each mator group ig defined by an elevationally
restricted, Coleoptera hloassociation,

Bipassociation IT (BA IT) consists of one major cluster, IIa,
inéludiug the faunas from localities 11 through 8 and subcluster, TTh,

including the faunas from localities €l and P3 (Figures A2 and A7). All

localities (Figure Al) in this group occur in lowland areas less than
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Figure A8. Diversity diagram showing the number of taxa occurring in
each bicassociation (II-V¥) and the number and percent of taxa restricted
te each bloassocilation.
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200 m msl in elevation where natural hébitats have been disturbed,
Locaiitieé C1 and P3 are in lowland areas on Isla Chilce and near
coastal Pucatrihue, respectively. Although Ci and P3 are in separate
and distinct geographiec areas in the Lake Region, they are similar in
faunal composition to the other disturbed lowland sites in cluster I1a
as indicated in the dendrogram and are therefore included in BA II.

Bicassoclation IIT {(BA III) consists of one major cluster, IlIa,
including the faunas from localities 18 through 20 and a subcluster,
IIIb, includign the faunas from localities P2, €2 and #1 {Figures A2
and A7). All localities in cluster IIIa occur in natural rain forest
habitats ranging in elevaticn from about 200 m to about 930 m in the
park (Figure A4). Localities Pl and P2 are in coastal wountain rain
forest habitats near Pucatrihue and C2 is a rain forest locality on Isla
Chiloe (Figure Al}. The faunas of the localities in subcluster ITIb are
included in BA III because they are similar to the faunas of localities
in IIla are indicated ip the dendrogram even though they are from
distinet geographie reglons.

The affinity of the disturbed lowland fauna, BA I, with the rain
forest fauna of BA III 1s well defined by the clustering technique,
Darker reglons in the trellds diagram also illustrate that the faunas of
some of the localities in B& IT are similar in species composition to
some localities in BA III., As noted earlier, all of the Lake Region was
densely forested prior to ﬁurcpean colonization. Today, Iin the lowland
area, only scattered remmants of the rain forest remaln between

cultivated fields and pastureland, BA II is therefore a mix of remnants

of a once well established rain forest fauna and species that have
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invaded since the forest clearance, This includes native species

adapted to open habitats and also species such as Aphodius granarius L.,

a dung beetle, introduced from Europe with cattle. The major effect of
man's intervention, however, has been to cause a marked reduction in the
diversity of the lowland fauna. This is illustrated by both the
relatively low number of species in, and the low percentage of specles
restricted to BA II as compared to BA III (Figure A8),.

BA III contains the greatest number and highest diversity of
species of any of the bloassoclations (Table Al, Figure A8); 52 percent
of the 43 families and 64 percent of the 214 genera have the upper limit
of their range within the zone, and 56 percent of the 375 species are
restricted to the bioassociation. The faunal diversity reflects the
diversity of the vegetation and habitats available within the Valdivian
Rain Forest.

The fauna associated with vegetation in BA III is the most
abundant. For example, beetles of 19 families were collected on
Nothofagus spp., of which weevils were the most abundant. Some common
distinective beetles restricted to BA IIT but which alse may occur in the

undisturbed forest fauna of BA II are the carabids, Ceroglossus darwini,

the dytiscids Rhantus signatus, and Lancetes nigriceps, the hydrophilid

Tropisternus setiger, the lucanids Chiasognathus granti, Sclerognathus

baccus, and Pvcnosiphorus caelatus, the scarabs Dichotomius torulosus

and Sericoides viridis, the cantharid Dysmorphocerus dilaticornis, the

prbtocucujids Ericmodes fuscitarsis, and E. sylvaticus, the coccinellids

Friopis connexa and Adalia deficiens, the chrysomelids Strichosa

eburatz, and Phaedon semimarginatus, and the weevils Megalometis
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spinifer, Rhopalomerus tenuirostris, Aegorhinus ochreoclus, and

T —

Berberidicola crenulatus.

Manv common species of BA III are also abundant at higher

elevations. These include the trachypachid Systolosoma brevis, the

carabids Ceroglossus chilensis, €. valdiviae, Creobius eydouxi, arnd

Abropus carnifax, the dyticid Liodessus delfini, the hydrophilid

Enochrus vicinus, the leiodid Eunemadus chilensis, lampyrids Pyractonema

nigripennis Group, the cantharid Chauliognathus variablis, the ocedomerid

Mecopselaphus maculicollis, and the weevils Dasydema hirtella,

Nothofagobius brevirostris, Aegorhinus nodipennis, A. vitulug, and

Rhyphenes mailledi,

BA IV (Figures A2 and A7) includes the faunas from localities 42
through 33 in the Subantarctic Deciduous Forest and the krummholz from
about 950 m to about 1250 m msl. (Figure A5). The fauna is relatively
depauperate compared to that of BA ITI. Most of the 93 species (Table
Al) that comprise BA IV also occur at lower elevations; only 27 percent
(Figure A8) are restricted to this group. Beetles restricted to, or
most abundant in Bicassociation IV are the carabids Cascellius ap., and

Plagitelum irinum, the scarab Brachysternus spectabilis, and cantharids

Hyponotum violacelpenne, and Micronmotum nodicorne, and the chrysomelid

cf. Varicoxa sp.

BA V (Figures A2 and A?)’includes the faunas of localities 21
through 39, all in Andean tundra habitats (Figure A6) from about 1250 m
to 1556 m msl. This bicassoclation is characterized by low taxa
diversity and a high percentage of species exclusive to the

bloassociation (Table Al, Figure A8). Low taxa diversity is also
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indicated by the numbers of species to genera: 33 species in 31 genera.
Occasionally individuals were especially abundant, For example 42
specimens of Bembidion sp. 14 were cellected from beneath a rock with an
area of about 1 mg. Species restricted to Ba& V are the carabid
Bembidion sp. l4, the pselaphid Achillia sp. 2, the scarabs Sericoides

spp., the elaterids cf. Cosmesus spp. and Negastrius atomus, the

staphylinid Cheilocopus impressifrons, an unidentified salpingid, and

the weevils Listroderes fulvicornis, Aegorhinus oculatus, and an

undetermined species of Erirrhiminae. Species common on the tundra but
which also occur occasionally at lower elevations include carabids of

the Trechisibus nigripennis Group, the lucanid Chiasognathus latreilledi,

the gcarab Astaenius sp., the elaterid Hypolithus magellanicus, and the

weevilg, Paulsenius carinicollis and Listroderas dentipennis. Scme

gpecies collected on the tundra, partiecularly on snow banks, are
believed to have been carried there on thermals. Among these are the

carabids, Abropus carnifsax, and Plagiotelum irinum, the dytiscid Rhantus

signatus, the sc¢arab Brachvysternus spectabilis, the helodid cf.

Microcara sp., the cantharid Plectocephalon testaceum, and the

coceinellid Eriopis connexa.

The faunas of seven out of the total of 41 samples (sites in BA Ia,
Ib and locality LL), did not cluster where expected, All but one (site
28), in BA Ia and Ib are from disturbed lowland habitats., Their faunal
content, as shown in the dendrogram, is intermediate between BA II and
1II; reflecting partially disturbed rain forest. The fauna; only 5
species, of locality 28 at an elevation of 750 m msl in the park might

have been expected to have ¢lustered in Bicassociation III rather than
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with the fauna of locality 7, a 1owla§é disturbed site. The best reason
for the unexpected result is simply the small sample size. Hazel (1970}
cautioned against using samples of less than 10 species in the cluster
method because in comparing samples with few species to samples with
many species low similarity wvalues are generated. This also explains
why the fauna of locality LL, a lowland site near Lage Llanquihue

contalning only four specles, clusters at a very low level.
DISCUSSION

The pattern of bloassociations developed because species were
determined to have restricted elevational ranges. Undoubtedly further
gampling will extend the range of gome species and may permit the
subdivision of BA III. More extensive Investigations of the faunas from
the gaographicélly distinct regions of the Coastal Mountains, including
the Isla Chileoe, are needed to determiﬁe if those faunas are really as
similar to the faunas of the Central Valley and the Andes as inferred
from the cluster analysis,

The range of individual species 1s controlled by the complex
interactions of large number of factors; such as competition for food
and shelter, predation and disease, and microclimatic conditions that
permit survival. How these factors act to limit the range of particular
species is generally poorly understood, and especially so for the Lake
Region Coleoptera. ﬂn&onstaéiy the marked decrease in the diversity of
Seieoptera that accompanies elevation (Figure AB)Y regults directly from

less favorable climatic conditions., The decrease In seasonal

temperatures, the increase in number of days with snow cover and frost,
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and the increase in the effects of wind that accompany progressively
higher elevations in the park act in concert to produce conditions less
favorable for insects. The most distinctive components of the fauna are
those of the Valdivian andrﬁerth Patagonian Rain Fprests, BA II1, and
the Anéaan tundra, BA V; the former has 56 percent, and the latter 48
percent of its species restricted to the zone (Figure A8)., The fauna of
the Bubantarctic Deciduous Forest, BA IV, is much less distinct,
reyreseutiﬁg an overlap between the lower forest fauna and the tundra.
Congeneric species for the majority of the restricted tundra species
veeur In the forests, suggesting that the tundra fauna may have been
derived by competitive exclusion from the forest faunas. An iInteresting

example could involve the large lucanids of the genus Chiasognathus

(Table Al). As might be expected for a large lucanid, the well-known,
C. granti inhabits the dense forests of the Valdivian Rain Forest zona.
By contrast, the similar-sized, C. latreillei, seems out of place on the
tundra and in openings in the Subantarctic Deciduous Forest, where it
apparently feeds on low ericaceous plants.

In view of the large number of uninowns and inherent complexity the
faunal clusters might be perceived to be accidental coincidences of the
system, However, with a single exception, there is a Coleoptera
bisassociation for each vegetation zone. The exception is that the
Valdivian Rain Forest and the North Patagonian Rain Forest are
represented by a single biQaSSQciation (Figure A2). Notably the
vegétatioﬁ of these two zones 1s very similar and differs mostly in the

species content and density of the undergrowth. The striking

correlation between the biloassociational boundaries and thoge bhetween
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the principal vegetational zones (Figure A2) implies the existence of
controlling factors and leads to the guestions of why the zonation
exists and when it develaped.

Terbough (1971) tesged three models in an attempt to explaln the
distribution limits of a large sample of birds in the Peruvian Andes,
In his analysis, distribution Iimits could be determined by "factors in
the physical or biclogical enviromment that vary continuocusly and in
parallel with the gradient”, or by “competitive exclusion™, or by
"habitat discontinuities {ecotones)"”. He concluded that all play a role
but that the most important was an individualistic response to the
changing character of the physical and biological factors along the
gradient. The least important was the control exerted by the ecotone.
In a general discussion éf the distribution of plant species along
gradients, Whitfaker (1975) rejected the hypothesis that competing
species exclude one another glong sharé boundaries; and that evolution
leads to the formation of distinct zones each with its own assemblage of
species adapted to one another, a2nd separated from others by sharp
boundaries. He preferred the hypothesis that species act im an
individualistic manner, and that competition does not produce sharp
boundaries; and that evolution will not result in well~defined groups of
species (zones), In a general way, our evidence supports the formation
of groups, but that is not surprising consildering that many of the
beetles, especially the weévils, are host-plant specific (Table al), To
assume, however, that the=distribution of beetles is simply controlled

by the distributioen of plants would be wrong. Beetles, as important

pollinating agents, exert. an equally strong influence on plant
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distribution, especially in Chilean zaié forests. The colncidence of
the boundaries between the Coleoptera bicassoeiations and the principal
vegetational zones is perhaps better explained by reference to another
of Whittaker's hypotheses (1975, p. 113) that while competition does not
produce sharp boundaries, the evolution of species towards adaptation to
one another will result in the appearance of groups of specles with
similar distributions,

More information 1e availlable to answer the questlon of when the
fauna began to assume its present configuration. During the last
glacial maximum glaciers extended well out into the Central Valley
(Figure Al}, and the park was entirely covered by dce. The zonation
could only have developed subsequent to deglaciation, Mercer (1976)
provided evidence from the moraines at the western end of Lago Rupanco
that the last gl;cial maximum occurred about 19,200 yr B.P. The
position of the ice-front may have fluctuated but it was not until! about
14,000 yr B.P, (based on evidence from Lagu Ranco), that deglaciation of
the Andean valleys commenced (Mercer, 1984)., Furthermore, according to
Mercer (1976}, glaclers had receded to their present diminultive
conditions by 11,000 vyr B.P., and the western slopes of the Andes were
open for colonization.

Our studles of fossil beetles from the Lake Region provide direct
evidence of the history of development of the fauna. Very little is
known about the Coleoptera £hat existed prior to the last glacial
maxiﬁum. Scant fossil evidence from peats colder than 40,000 yr B.P,

exposed in the gea cliffs southeast of Puerto Montt indicate the

occurrence of a forest blota in lowland areas prior to the last phase of
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glaciation. Based on fossil evidence frow the western end of Lago
Rupanco (Ashworth and Hoganson, unpub. ms.), the character of the
lowland fauna at 26,000 vyr B?P. was completely different than that of
the earlier forest fauna. The fauna lacked forest species and, compared
to both earlier and later faunas, was depauperate. We speculate that
the reason for the depauperate fossil assemblages 1s that most forest
specles were unable to tolerate the colder climatic conditions
assoclated with glaciation, and were regionally exterminated. Some
support for this idea, other than the direct glacial evidence, comes
from a palynologically~based interpretation by Heusser and others
(1981), that mean summer temperatures were several degrees colder from
about 40,000 to about 14,000 yr B.P, Depauperate faunas also existed at
Puertoe Octay from 18,000 to 16,000 yr B,P., and at Puerto Varas until
ghout 15,500 yr‘ﬁ.P.(Haganson, 1985). Further to the south, near Castro
on the Isla Chilve, faunas of this typé existed until about 14,500 yr
B.P.

Between 15,000 and 14,000 yr B.P. forest—dwelling beetles began to
appear in lowland sites around Puerto Varas (Hoganson, 19B5) following
climatic amelioration and the initiation of deglaclation. By about
13,000 yr B.P., based on fossila from lacustrine sediments exposed along
the Ric Caunahue east of Futrono (Figure Al), the fauna was much more
diverse and dominated by species characteristic of BA ITI, the Valdivian
Rain Forest fauna (Hoganson and Ashworth, 1981; Ashworth and Hoganson,
1984; Hoganson, 1985). Additional fossil assemblages from the Rio

Caunahue sections indicate that Valdivian Rain Forest-type faunas

existed in the Rio Caunahue Valley from about 13,000 to 4,500 yr B.P.
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No fossil asgemblages younger than é,EﬁQ yrs old have been examined from
the Lake Region but there is no reason to suspect that they would
represent anything other than a Valdivian Rain Forest faunz.

From poilen studiesa, Heusser (1966,7i9?4, 1984) has proposed that a
marked cooling between 11,000 and 9,500 yr B.P. ago interrupted the
post~glacial climatic amelioration in the Lake Region. Heusser (1984)
further interpreted this climatic reversal to be a South American
equivalent of the emphatically cold Younger Dryas interlude of Europe.
Heusser and Streeter (1980) used multivariate statistics to quantify the
pollen data in order to producé paleocclimatrie curves back teo 16,000 vyr
B.F. The results of their analysis indicate that, during the reversal
in the warming trend, mear January temperatures were as much as 6°C
cooler than at present and that annual precipitation was more than twice
the present amoﬁnt of 2000 mmn, Changes of this magnitude would have had
a devastating effect on the beetle fauna.

No change was observed in our examination of the fossil heetle
assemblages from the Rio Caunahue sections that would support an
extermination of the fauna between 11,000 and 9,500 vr B.P. Based on
this evidence we questioned the existence of a marked climatic reversal
in the warming trend of the Lake Region (Hoganson and Ashworth, 1982;
Ashworth and Hoganson, 1984; Hoganson, 1985)., Heusser {1981} also
observed no significant changes in the pollen profile that he presented
for this interval at the Rio Caunahue site, but he hasz never, to ocur
knowledge, discussed how the absence of change apparently contradlcts

his other paleoclimatic interpretations, In a recent palynelogical

study from lacustrine sediments near Castro on the Isla de Chiloe,
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¥illagran (1985} did not find any evidence for a climatic deterioration
during the {nterval in question. She interpreted the climate from about
12,000 to 8,500 yr B.P. to be slightly warmer and wetter relative to
that of the present. This supports our conclusion that after 13,000 ¥r
B.P. no significant digruptiOns occurred in the development of the
Coleoptera zonation which had begun to develop following deglaéiatian.

The glacial eclimate of the Lake Region was too severe for survival
of most species of the Valdivian Rain Forest biota. However, the
rapidity with which the Coleoptera fauna, including a compliment of
flightless species, became established in the Rio Caunahue valley
between 14,000 to 13,000 yr B.P., after deglaclation implies that refugia
were not too distant, The most probable locations for refugia were to
the north in the Central Valley but the possibility that pockets of
Valdivian Rain‘Forest biota survived in sheltered valleys in the
Cordillera de la Costa cannot be ruled out,

A final puzzle concerns the location of refugfa for the Andean
tundra beetle fauna, BA V., The 26,000 to 15,500 yr B.P, fossil
assemblages representing the "glacial® fauna do not contain any specles
that are presently exclusive inhabitants of the Andean tundra.
Furthermore, forest species aﬁd not tundra specles, are in the oldest
fossil~bearing sediments of the Ric Caunabue sections. This implies
that the Andean tundra species did not simply disperse into the uplands
from adjacent lowlands in thch the fossll sites are located, Locations
of full-glacial refugia for the tundra species are therefore unknown.

One peossibility is that these species never inhabited the lowlands but

survived glaciation within the reglon in low-montane enclaves betwaen
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glacial lobes,. Another‘possibiiity is that they survied in lowland
refugia to the north and with deglaciation dispersed southward and to
higher elevations through the foothils, never inhabiting the lowlands
adjacent to the southern part of thelr present range., Yet another
possibilicy, less likely for flightless species such as the weevil

Aegorhinug oculatus, is that the tundra species survived in montane

refugia to the north and have dispersed to their present position

through the high montane areas above treeline.
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I APPENDIX B

i

Sample Processing Procedures for Extraction of Insect Fossils

Equipment and Supplies

pizza pan

i

|

E sample preparation report sheets
| 4 dram vials (patent lip)

l

large aluminum pot
Reoprene rubber vial stoppers (size 0) large wooden stirring stick

card vial labels stainless steel spatula

pencil teaspoon

dissecting forceps

masking tape Pyrex petri dishes (60 x 15 mm)

plastic rape Pyrex beakers {500 ml, 750 ml)

i

|

|

1

i magic marker {permament ink)
|

1

I

\ Munsell soil color chart

|

hand towels

high capacity, general purpose balance rubber gloves

lamp with magnifier detergent {(dish soap)

binocular microscope Calgon solution

electric hot plate 95 percent ethanol

2 wash betrles (500 ml) kercsens

sink with rubber hose digtilled water

aluminum foil Ziplock food bags

plastic wash basins dissecting needles

2 50~-mesh (297 u) sieves)

illuminator
; Procedure
. L. Record the fossil site name and sample interval number on the sample
preparation report sheet.
2.

Label twe 50-mesh sieves, plastic washing basins, petri dishes and
750-m1 beakers with the sample mumber in pencil on masking tape.
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Weigh the sample in its bag and record bulk weight on the report
sheet. )

Place the sample into one of the labeled plastic wash baszins.

Nescribe the lithology of the sample and record 1t on the repert
sheet. Include notes on organic content {wood, peat, modern
rootlets, Insects, ostracods, mollusks, etc.), graln size and color
{use the Munsell soil coelor chart}.

Remove samples for radiocarbon dating, pollen analysis, etc. and
wrap them in aluminum foll or place them in Ziplock bags. If
aluminum foll is used, label the sample in pencil on masking tape.
If bags are used label the bag with 2 permanent ink marker.

If the sample 1s compressed and peaty, split along bedding planes
and inspect the surfaces under the lamp magnifier for wvisible or
intact insect fossils. Remove fossils from the sediments with
dissecting forceps or needles and place in a small petri dish
contalning ethanol,

1f the sample 1s exceedingly compressed, break along bedding planes
into small pleces and place them in the large aluminum cooking pot.
Cover the sample with Calgon sclution and place on the electric
hot plate. Beil gently to disaggrepate the sample, stirring
occasionally with the large wooden stirring stick to prevent the
sample from sticking to the bottom of the pot.

*
Calgon solution formula: Place 38 g Calgon and 8 g sodium
carbonate (Na, C0.) in a l-litre beaker with water to make
1 1itre of solutidn.

Note: Organic fragments treated with the Calgen scolution
are contaminated and should not be radioccarbon dated.

Place the sample in a labeled, plastic wash basin and add water to
cover the sample. Gently agitate and disaggregate the sample with
your fingers. Abusive treatment will cause fossil breakage at this
point, therefore, extreme caution must be employed. TIf the Calgon
treatment was used additional washing is necessary to neutralize
the solution. Pour the murky water and disaggregated sediment into
a 50-mesh sieve. The finer sediment fraction will wash through
with the coarser grain sediment, plant debris, mollusks, ostracods
and insect fragments remaining in the sieve., Rinse the residue In
the sieve with a gentle stream of water.

Allow the residue to drain in the sieve, weigh it while it {s still
in the sieve and subtract the welght of the sleve, Record the wat
residue weight on the report sheet.




11.

13.

14,

15.

16.

17.

18,

"Pizza-pan" the sample. Place a heaping teaspoon of washed residue
into a plzza pan and add about % to % inch of tap water. Imspect
the pan for insect fragments using the lamp magnifier. Insect
fragments can be distinguished from the remaining residue by
colored and/or lustrous chitin surfaces and differential movements
of the fragments. Carefully remove the fossils from the pan with a
forceps and place them in an ethanol filled petri dish.
Representative samples of the seeds, ostracode and mellusks can
also be taken at this time and placed in a vial filled with
ethanol, Wood fragments should also be removed and placed In a
petri dish filled with distilled water. Caution: Wood fragments
must be removed with a forceps as finger oll can contaminate the
wood negating 1ite wvalue for radiocarbon dating. Repeat until all
the residue is scaunned. Record findings ou the report sheet under
fossil content before flotation.

Pour the residue remaining in the pizza pan back into the sieve and
let drain for five minutes.

Pour kerosene into s labeled 750-ml beaker.

Transfer the drained residue from the sieve inte a c¢lean, dry,
labeled plastic wash basin. 71f the sieve is more than 3/4 full,
split the sample into two or more subsamples and place them in
separate labeled plastic wash basins.

Add enough kerosene to the basin to lust cover the residue,

For five minutes, using your fingers, very gently mix the kerosene
with the residue, Note: Rubber ploves cen be worn for skin
protection. If properly mixed, the kerosene will adhere to the
fossil inszect chitin. Again, caution must be employed to minimize
damage to the fossils,

Pour the excess kerosene back into the 750-ml beaker belng careful
not to allow residue to fall into it. ‘

With the rubber hose, very slowly add tap water to the residue in
the wash basin, Undercut the residue with a gentle stream of water
initially, then allow the hose to rest under the water surface
until the wash basin Is filled te about two inches below the top.
Turn the water off and carefully remove the hose from the basin.
With a water—filled wash bottle, ringe the part of the hose that
was In contact with the residue into a clean 50-mesh sleve.

Allow the basin to git undisturbed for 15 minutes. The kerosene
coated fosgil chitin will fleoat to the surface.

Carefully decant the floating fossil material into the clean sieve.

Repeat steps 18 through 20,




22,

23.

24,

25,

26.

29,

34,

31,
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Place the sieve containing the fossil material into another plastic
wash basin.

Pour |the residue remalning in the wash basin into the original
gsieve and let drain.

Using the same kerosene, repeat steps 14 through 21. If fossils
are gxceptionally abundant steps 14 through 21 may be repeated a
third time.

Carefully wash the floated fossil material in the sieve with a
solutiion of 1/3 dish detergent and 2/3 water. The kerosene will be
removed from the fossils by this procedure. Thoroughly rinse the
material with a gentle stream of water to remove the soap.

Transfer the cleaned fossil material from the sieve to a clean,
labeled 500-m} beaker using an ethanol-filled wash bottle. F¥Fill
the beaker with about 300 ml of ethanol.

Record the kerosening procedure used on the sample preparation
report sheet (e.g., kerosened twice with two decants each),

Pour ithe remaining sample residue from the washing basin into a
sieve and allow to drain. Place the sieve contents into a dry wash
basin, spread it out and let it air dry. Put the dried rasidue
back {into -the sample bag.

Make wial labels for insect fragments and seeds., Place them in
separpte 4 dram vials filled about 273 full with ethanol, Note:
Additional vials may be prepared for mollusks, ostracods, etc. if
desired.

Pour & small amount of the fossil materisl into a petri dish
containing ethanol., Remove the insect fossils (seeds, mollusks,
etc.)| with a forceps by picking through the fossil material under a
binocular microscope. Repeat until all desirad fossils are removed
and repcord a general description of the fossil content after
flotatkion on the record sheet,

After! fossil removal, pour the remaining material into a sieve and
allow to drain. Remove the material from the sieve and wrap in
aluminum foil. Label the packet with a pencil on masking tape.
Place| the packet inside the plastic sample bag containing the dried
reasidie. Tape the bag closed with plastic tape and label the
outaide of the bag with a permanent ink magic marker. Store the
sample for future reference.
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Placé.Neoprene g¢toppers in the labeled vials containing the
extracted fosslls. Store the vials until ready for mounting.

Note If only a small amount of residue remains after the
initial wet sieving process, the kerosening procedure may
be omitted. The drained residue may be placed directly
in water and picked under the binocular microscope. 4ll
other steps remain the same,
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Appendix C

List of cpleopterists consulted during this study indicating their
affiliatipn and taxonomlc expertise and whether they examined fossil

fragments or modern, pinned specimens,

BEETLE
COLEOPTERIST FAMILY

SPECTMEN TYPE
MODERN FOSSIL

Dr. Donald M. Anderson Scolytidae
Systematic Entomology

Laboratory - USDA
National Museum of Natural History
Smithsonian Institution
Washington, D.C. 20560

Dr, Ross ﬁ, Arnett, Jr. Oedemeridae
1330 Dillen Heights Avenue Salpingidae
Baltimore, Maryland 21228

|

Dr. Edward U, Balsbough, Jr. Chrysomelidae
Department of Entomology

North Dakota State University

Fargo, North Dakota 58105

Dr. John R. Barren Trogositidae
Hymenoptera and Arachnida Section
Biosystematic Research Institute

Agriculture Canada Research Branch

Ottawa, Optario Kl1A 0C6

Canada

i
Dx. Eéward C. Becker Elateridae
Coleopterd Division
Bicsystemitie Resgarch Institute
Agriculture Canada Research Branch
Ottawa, Ontarioc KlA OC6
Canada ]
1
Dr. D. E. [Bright Scolytidae
Coleoptera Division
Biosystematic Research Institute
Agricultudal Canada Research Branch
Ottawa, Outario KlA OC6
Canada

X
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COLEOPTERIST FAMILY

MODERN

FOSSTL

Br. J. M. Campbell Staphylinidae
Coleoptera Division

Bicsystematic Research Institute

Agricultural Canada Research Branch

Ottawa, Ontario K1A 0OC6

Canada

Dr, W. A. Connell Nitidulidae
Department of Entomology and
Applied Ecology
249 Agricultural Hall
University of Delaware
Newark, Delaware 19711

Dr. Ginter Ekis Cleridae
Entomology

Carnegie Museum of Natural History

440 Forbes Avempe

Pittsburgh, Pennsylvania 15213

Dr. Terry L. FErwin Carabidae
Department of Entomology Trachypachidae
National Museum of Natural History

Smithsonian Institution

Washington, D.C. 20560

Dr. Robert D. Gordon Scarabaeidae

Systematic Entomology Coceinellidae
Laboratory - USDA

National Museum of Natural History

Smithsonian Institution

Washington, D.C. 20560

Dr, Henry F, Howden Scarabaeidae
Department of Biology

Carleton University

Ottawa, Ontario KIS 5B&

{Canada

Dr. John M. Kingsolver Anthribidae

Systematic Entomology ’ Helodidae
Laboratory — USDA

National Museum of Natural History

Smithsonian Institution

Washington, D.C. 20560

b4 b
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COLFOPTERIST FAMILY MODERN FOSRSTL
Dr. Guillerme Kuschel Curculionidae X X
Department of Scientific Nemonychidae X
and Industrial Research Colydiidae X
Entomology Division Belidae X
Mt. Albert Research Center Anthribidae X
Private Bag Attelabldae X

Auckland, New Zealand

Dr. John F. Lawrence Derodontidaa b.4 X
Commonwealth Scientific and
Industrial Research Organization
Divieion of Entomology
P.0O. Box 1700
Canberra City, A,C.T. 2601
Auvstralia

Dr, Alfred F. Hewton, Jr. Staphylinidae X
Department of Entomology

Museun of Comparative Zoology

Harvard University

Cambridge, Massachusetts 02138

pr, Charles 0'Brien Curculionidae X .
Entomology and Structural
Fest Control
Florida A & M University
Tallahassgsee, Florida 32307

Dr, Stuart Peck Leiodidae X
Department of Entomology Silphidae p:4
Carleton University

Ottawa, Ontario K18 5B6

Canada

Dr, Phillip Perkins Hydraenidae b4
Department of Entomology

National Museum of Natural History

Smithsonian Institution

: Hashington, D.C., 20560

Dr. Volker Puthz Staphylinidae X
: Vorderburg 1

i D-6407 Schlitz/Hessen

: West Germany




-279-

COLEOPTERIST FAMILY MODERN FOSSIL

Dr. Paul J. Spangler

Department of Entomology

Natrional Museum of Natural Ristory
Smithsonian Institution
Washington, D.C. 20560

Dr. Aleg Smetana

Coleoptera Division ~ Room 4058
Biosystematic Research Institute
Agriculture Canada Research Branch
Ottawa, Untario KlA 0C6

Canada

Dr. Eric H. Smith

Division of Insects

Field Museum of Natural History
Roosevelt Reoad at Lake Shore Drive
Chicage, Tllinois 64605

Dr. Ted Spilman

Systematic Entomology Laboratory-USDA
National Museum of Natural History
Smithsonian Institution

Washington, D.C. 20560

Dr. Walter R. Suter
Biology Department
Carthage College
Kenosha, Wisconain 53141

Dr. Barry D, Valentine
Department of Zoology
Ohio State Univerity
1735 Neil Avenue
Columbusg, OH 43210

Dr. John A, Wagner
Biclogy Department
Kendall College

Evanston, 1llinoeis 80204

Dr. Richard E, White

Systematic Entomology Laboratory-USDA
National Museum of Natural History
Smithsonian Institution

Washington, D,C. 20360

Elmidae
Hydraphilidae
Dytiscidae
Psephenidae

Staphylinidae

Chrysomelidae

Tensbrionidae
Cucuildae
Cryptophagidae
Salpingidae

Scydmaenidae

Anthribidae

Pgelaphidas

Chrysomelidae
Anobiidae

b b b4 M
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COLEQPTERIST FAMILY MODERK FOSSIL
Dr. Donald R. Whitehead Curculionidae X
Systematic Entomology Relidae X

Laboratory ~ USDA
Natlonal Museum of Natural History
Smithsonian Institution
Washiogton, D.C. 20560

Dr. W. Wittmer Canthardidae X
Naturhistorisches Museum Basel Melyridae X
CH-4051 Basel

Avgustinergasse 2

Bagel, Switzerland

Dr. Stephen L. Wood Scolytidae X X
Brigham Young Tniversity Bostrichidae X
Monte L., Bean Life Science Museum

290 MLBM

Prove, Utah 84602

Dr. Daniel K. Young Pedilidae X
Department of Entomology

Michigan State University

East Lansing, Michigan 48824
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RADIDCARBON DATES OBTAINED FOR THIS STUDY




APPENDIX DI

Rediocarbon dates obtained for this study (GX dates from Geochron Laboratory, Cambridge, Masschusetts,
and I date from Isotopes Laboratory, Westwood, New Jersev),

Laboratory 14 Ase: Locality, sample number and Sample Material
Nunber C vears 1,P, stratigraphic position
GX-5510 4,525%145 Rio Caunahue Site, Sample number BS. Sample Twig fragments
: taken at river lewvel about 525 m upstrear from and leaves

maln section.

GX-6503 5,2204240 Rio Caunahue Site. Sample number Al., Sample Peat
taken at river level about 500 m upstream from '
main section.

A TA

GX~53502 7, 7302200 Rlo Caunahue Site., Sample number 3. Sample Wood
taken from 20-30 cm below terrace gravels.

GX~5503 10,000x280 Rio Caunahue Site. Sample number 21. Sample Wood
taken from 200-210 cm below terrace gravels.,

CX~-6508 10, 440240 Rio Caunahue Site, Sample number PRO. Sample Peaty plant
taken from 330 cwm below terrace gravels and 30 cm  debris
ahove prominent wolcanic ash horlzon,

GX-6507 11,290+250 Rio Caunahue Site, Sample number PR1. Sample Peaty plant
taken from 395 cm below terrace gravels and 35 debris
em below prominent voleanile ash horizon,

GX~-5504 11,680+280 Rio Caunahue Site. Sample number 42. Sample Wood
taken from 420~430 cm below terrace gravels and
60=70 cm below prominent ash horizon,




Laboratory 14 Age: Locality, sample number and Sample Material
Number ¢ yeers B,P, stratigraphic poaition
CX~-6506 12,140%380 Rio Caunahue Site. Sample number PD3, Sample Peaty plant debris
taken from 430 c¢m below terrace gravels and 70
cm bhelow prominent ash horizon.
GX~6505 12,3852340 Rio Caunahue Site. Sample number PD4. Sample Peat
taken from 445 om below terrace gravels and 85
cm below prominent ash horizon.
GX-6504 14,6352440 Rio Caunahue Site, Sample number PD6, Sample Wood
taken from 535 ¢m below terrace gravels and 175 s
cm below prominent ash horizon, %3
1129495 12,8102190 Rio Caunahue Site. Additional date for the FD6 Wood
sample.
GX-9979 13,900+560 Rio Caunshue Site. Sample taken from 251 cm below Wood
prominent ash horizon,
GX-6500 10,0503230 Rioc Caunahue Site, Sample number B3. Sample taken Paat
from 30 cm above promiment ash horizon about 100 m
downstream from main sectdon,
GE-6501] 10,9004£305 Rio Caunahue Site., Sample number B2, Sample Wood and Peat
taken from 91 cm above prominent ash horizon
about 100 m downstream from main section.
GX-6507 11,145+250 Rio Caunghue Site. Sample number Bl, Sample taken Wood

from 123 c¢m above prominent ash horizon about 180 m
dowmstream from main section.




Laboratory 14 Age: Locality, sample number and Sample Material
Number C vyears B,P, stratigravhic position

GX-3507 14,0604450 Puerto Varas Railroad Sitre. Sample number 1. Sample Wood
taken from a peat horizon in the Llanguihue III
terrace beneath lacustrine sediments and lahars,

GX-5275 15,715%440 Puerto Varas Park Site. Sample number PV1. Sample Peat
taken from the upper 5 mm of a peat horizon in the
Llanguihue III terrace beneath lacustrine sediments
and lahars,

GX-~5505 1,190+135 Puerto Octay S5ite, Sample number 3 - core 8. Peat
Sample taken from 20~30 cm below surface of a
gpillvay channel cut in Llanguihue 1T outwash,

-H8T—

GX-5506 16,000540 Puerto COctay Site, Sample number 9 - core 8, Peat
Sample taken from 80-90 cm below surface of a
splllway channel cut in Llanguihue IT outwash.

CX-5274 18,1702650 Puertn Octay Site. Sample number 23 - core 8. Peat
Sample taken from 230 to 240 cm below surface of
a spillway channel cut in Llanquihue II ocutwash.
Basal peat in channel.
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HOGANSON (1985) PLATE IA

CHART SHOWING STRATIGRAPHIC 5
SECTIONS OF THE FOSSIL SITES, SAMPLE INTERVALS,
LEVELS OF RADIOCARBON DATES, TAXONOMIC LIST
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PLANT REMAINS

CARBONIZED PLANT FRAGMENTS
MODERN PLANT ROOTS
MACROSPORES

CHAROPHYTE OOGONIA

DIATOMS

S

- GASTROPOD
OSTRACOD
IDENTIFIABLE FRAGMENTS AND ADDITIONAL

INDIVIDUALS, EXCEPT FOR POTENTIALLY
INSECTA AND ARACHNIDA WHICH

EQUAL ACTUAL NUMBER OF FOSSIL
AFTER BORROR AND DELONG (1964)

FRAGMENTS
FOLLOWED BY U.S. DEPARTMENT

OF AGRICULTURE AND U.S.
NATIONAL MUSEUM.

TAXA AFTER BLACKWELDER
(1944 - 1947)

GROUPS AND ARACHNIDA

EXPLANATION

OF COLEOPTERA AND OTHER INSECTS AND ARACHNIDS
SYSTEMATIC ORDER OF INFRAFAMILIAL COLEOPTERA .

AND FOSSIL ABUNDANCES (PART).
NUMBERS EQUAL MINIMUM NUMBER OF BEETLE

COLEOPTERA FAMILIAL ORDER
ORDER OF ADDITIONAL INSECTA
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