ANCOUVER ISLAND MARMOT
BON ES FROM SUBALPINE CAVES:

RCHAEOLOGICAL AND
BOLOGICAL SIGNIFICANCE

Occasional Paper No. 4



V ANCOUVER IsLAND MARMOT
BoNEs FRoM SuBALPINE CAVES:
ARCHAEOLOGICAL AND
BioLoGICAL SIGNIFICANCE

OccASIONAL PAPER NO. 4 FEBRUARY 1996

By

David W. Nagorsen!
GrantKeddie?
Tanya Luszcz?

! Vertebrate Unit, Royal British Columbia Museum, Victoria, BC
2 Archaeology Unit, Royal British Columbia Museum, Victoria, BC

Biology Co-operative Education Program, University of Victoria, BC BCE% Ministry of
Parks Environment,

Lands and Parks




Canadian Cataloguingin Publication Data
Nagorsen, David W.
Vancouver |dand marmot bonesform subal pine caves

(Occasional paper ; no. 4)

Includesbibliographical references: p.
ISBN 0-7726-2813-0

1. Marmots - BritishColumbia. 2. Animal remains
(Archaeology) - BritishColumbia. 3. Excavations
(Archaeology) - BritishColumbia. |. Keddie, Grant R.
Il. Luszcz, Tanya. Ill. BCParks. IV. Title. V.
Series: Occasional paper (BC Parks) ; no. 4.

QL737.R68N33 1996  599.3232  C96-960056-9

Cover photo: David Nagorsen



Table of Contents

N 0 = o P .
EXeCUtiVe SUMMAIY ....coooeeeeee e, i
Acknowledgements..........eeiiieee v
INrOdUCHION.......ciiiiiee e 1
Study Sitesand Bone DepositS........ccccvvvviviiiiiiiiiiieiieeeeeeeen, 4
Clayoquot Plat@aL ..........eeeiiieiiiiiiiiieiee e 4
MaITNEr MOUNTAIN .....vveiiiieei e e e e e e e e e e nnnenes 6
Limestone MOUNLAIN ..........uvviiiiiiieeieieiiiiieee e sesiineeeee e e e s ssvnnnneeneee e s ]
GOIAEN HINGE ... 8
Material and Methods ..., 9
BONE SAMPIES ... 9
Analysis of Bone ElemMENtS.......ccoviiii e 9
Radiocarbon Dating ........ccuvieiiiiieeiiiiiiiiiecee e 11
LSS | 7P 12
Radiocarbon Dating ........c.cuvieiiiieeeiiiiiiiiieiee e 12
FauNal ANBIYSIS ... 13
Relative Abundanceof SPECIESINSITES. .......cvviiiiiiiiiiee e 13
AgeCompositionof Faunal REMaINS............coviiiiiiiiiii e 15
Representation of Body PartsinFaunal ReEmMains..............eeevveiiiiiiiiiiee e 18
Evidence For Human Processing ACHIVITIES...........uuveeveeeiiiiiiiiiiieeeeeeeen, 21
DISCUSSION ... 30
Interpretation of the Faunal Assemblages..........ooovvviiiiieeiiieeiiiiiiiieeen, 30
Archaeological SIgNIfiCaNCE..........ooiiiiiiiiieie e 33
Ethnographic Evidence for Native Use of Marmots.............ccccvveeeeneennn. 34

Biological SIQNIfICANCE ......ccoeeiiiiiiiiee e 37



RECOMMIENAALIONS. ....eee ettt ettt e e ettt e e e e e e e e e e e e e reeenss 41

FUUrERESEAICN ... 41
Managing CaveBoneSitesinProvincial Parks..........cccccoociiiiiiiiiiiciiieeeeceneee . 44
References Cited........coooo e 47
Appendices
1. Ageof black-tailed deer mandiblesand maxillaefrom
MarinNEr MOUNTAINSITE. .......eeeeiieiiiiiiiee ettt e e e e e e e et e e e e e e e nnneeeeeens 54
2. Representationof Vancouver 1dand marmot skeletal partsinfour
AChAEO0IOQICEl SILES........eeiiiii i e e e e e e e e e e e anes 55

3. Representation of black bear, marten, red squirrel, and black-tailed
deer keletal partsintheMariner Mountainand Limestone
MOUNTAINSEES ... e e e e e e e e e e e e e e e e bbbt e e e e e e e e e e eaeaaaaeeaeeeeeaaaaaans 56

List of Figures

1 L ocationsof knownarchaeol ogical steswithfaunal remains

of theVancouver |[andmMarmOL. ..........oooiiieeiiieiie e e e e e e eeeaaas 2
2. Numerouscavesexistinthekarst landformsof the

ClayOQUOL PIAEEALL .......ceeieiieiiiiiie ettt e e e s e e e e e e 4
3. End of the Clayoquot Plateau cavewhereVancouver Idand

Marmot DONESWEIETOUNG ............uuiiiiiiiiii e 5
4, Pilesof Vancouver |d and marmot bonesonthefloor of the

ClayOoqUOL Plat@aLICAVE........cci et et e 6
5. Haked stonetool fromMariner MOUNtAINCAVE...........ccuvvniieiiiiiiieeeeeeee e 7
6 Relativeabundance (% MNI) of mammal sinthefaunal remains

fromfour subal pine cave sitesand the Shoemaker Bay

COBStAl MIAAEN........cco e 14
7. Relative abundance (% MNI) of threeage categoriesof Vancouver

Idand marmot mandiblesfromthreecavesites. ..., 15
8. Relative abundance (% MNI) of Vancouver |dand marmot bone

elementsintheClayoquot Plateaufaunal remains...........ccooccvvevieeiiniiiieiee e, 19
0. Relative abundance (% MNI) of Vancouver |dand marmot bone

elementsintheMariner Mountainfaunal remains............ccccccvviiiiieiiiiccicccceeeeeeee, 19
10. Relative abundance (% MNI) of Vancouver |dand marmot bone

elementsintheLimestoneMountainfaunal remains..............cccoooeeevieeecicciiviviiieee, 20
11. Entireassemblage of 389 Vancouver |dand marmot bonesfrom

theClayoqUOt Plat@aLISITE.........coeeeiiee e 22
12. Cut marksontherostrumof aVancouver |dland marmot skull

fromtheClayoqUOt Plat@aUISITE. ..........uviiiiei e 23

13. Digtributional recordsof theVancouver Idand marmot; historical
recordsares ghtings, specimensor old burrowsfromabove
TOOMEIEVALION ...t e e e e e e e e e e e e e e et e e e e eeeeaeeeeeeeeenes 37



List of Tables

Radiocarbon datesfor VVancouver Idand marmot bonesfrom

FOUN CAVE SIS, ..o
Rel ative abundance of mammal speciesinfauna remainsfrom

FOUN CAVEIITES. ..
Epiphyseal closureinVVancouver |dand marmot long bonesfrom

ClayoqUOL PIEEEAUSITE.......eeeiie ettt e e e e e
Epiphyseal closureinVancouver |dand marmot long bonesfrom

MarnNEr MOUNTAINSITE ...uvviiiiiiiiiiccee e e e
Epiphyseal closureinVVancouver |dand marmot long bonesfrom
LimetoneEMOUNTAINSTE.........cooo i
Summary of cut marksonVancouver |dand marmot bonesfrom

threearcha0l OgICaAl SITES.......coiii i



Abstract

Since 1985, faunal remainsof theV ancouver | and marmot havebeendiscoveredinfour high
elevation cavestes. Clayoquot Plateau, Mariner Mountain, LimestoneMountain, andthe Golden
Hinde. Twositesarein StrathconaProvincial Park andathirdisinClayoquot Plateau Provincial
Park. Cut marksonbonesand artifactsrecoveredin Mariner Mountain caveindicatethat the
remainsaretheresult of human hunting. Radiocarbon dating revealedthat thesesitesare
prehistoricranging from 830-2630yearsago. Thefaunal remainsprovideadditional evidencefor
arangedeclineintheVancouver Idand marmot. Nomarmotsliveinthevicinity of thecavesites
today and threesitesare peripheral tothe present range. Although black bear, black-tailed deer,
marten, andred squirrel arerepresentedinthefaunal remains, the predominanceof Vancouver
|dand marmotssuggeststhat aboriginal peoplestravelled totheseremotemountainousareasto
hunt marmots. Wesummarizetheanalys sof faunal remainsand review theimplicationsfor
Vancouver |dand marmot biogeography and conservation, and—aboriginal cultural history.
Recommendationsfor futureresearchin BC Parksand managingthesecavesitesarepresented.



Executive Summary

TheVancouver Idand marmotisaburrowing, col onial rodent confinedto subal pine-al pine
habitatson Vancouver | dand. With population estimatesrangi ng from 100-300 animal sover the
past two decadesand adistributionlocalized to southeastern Vancouver |land, thespeciesis
listed nationally and provincially asendangered. Itistheonly endangered mammal endemicto
Canada. Paleontol ogical remainsand historical recordsindicatethat inthepast the specieswas
morewidespreadinhabiting northernand central VVancouver | andincluding StrathconaProvincial
Park. Thecauseof thisrangedeclineisunknown.

Since 1985, ancient marmot boneshavebeenfoundinfour subal pinecavesites: Clayoquot
Plateau, Mariner Mountain, LimestoneMountain, andthe GoldenHinde. Twositesarein
StrathconaProvincial Park and aretheonly archaeol ogical sitesknownfromthepark. The
Clayoquot Plateau siteisin Clayoquot Plateau Provincial Park.

Thepurposeof our study wasto analyzethebonedepositsto determinethevertebrate species
andtheir relativeabundanceinthesites, human process ng techniques, and thesignificanceof the
sitesfor aboriginal peoples. Wediscusstheimplicationsfor marmot conservation.
Recommendationsaregivenfor additional research needsand for managing cavebonedepositsin
BC Parks.

A total of 3981 bone specimenswasrecoveredfromthefour sites. Except for singlebluegrouse
andfishbonesfoundat Mariner Mountain, all bonesaremammalian. They represent five species.
Vancouver |dland marmot, black-tailed deer, black bear, marten, andred squirrel. Thesitesare
dominated by VVancouver | dand marmot with marmot accounting for 85-100% of theindividual
mammal srepresented at thesites.

Radiocarbondateson 11 bonesindicatethat thesitesareall prehistoricwith datesrangingfrom
830-2630 BP (calibrated dates 990 AD to 807 BC).

Thepresence of numerouscut marksontheVancouver I land marmot bones, andthe
representation of body partsinthesitesindicatethat thebonesarethe product of humanhunting.
Marmotswere skinnedfor peltsand butchered for meat. Thecutsonblack bear, black-tailed
deer, and marten remainsal so are cons stent with human processing. Artifactswerea sofoundin
theMariner Mountainsite.



Thefour cave/rock shelterswereseasonal hunting sitesusedinlatesummer or autumn. Although
they werenot used ashabitationsites, thelargebonedepositsat Mariner Mountainand
LimestoneM ountainsuggest that themiddensaccumul ated from multi ple hunting episodes. The
few remainsinthe Golden Hindeand Clayoquot Plateau cavesmay betheresult of singlehunting
episodes.

Thefour sitesaresignificant from anarchaeol ogical perspectivebecausethey arethefirst

subal pinesiteswithfaunal remainsfromtheNorthwest Coast. Comparedtotypical coastal
archaeol ogical sites, thefour subal pinecaveshavealow diversity of faunal remainsandthe
dominant speciesistheVancouver Idland marmot. Thefew black-tailed deer, black bear, and
martenrepresentedinthesitessuggest that they weretaken opportunistically andit appearsthat
aboriginal peoplestravelledtotheseremoteareasprimarily tohunt marmots.

A review of theethnographicliteratureindicatesthat the hoary marmot and Olympic marmot were
important to aboriginal peoplesontheNorthwest Coast. Their fur washighly valuedfor clothing
suchasrobesand blanketsand thefleshwaseaten. Information on aboriginal useof the
Vancouver |dand marmotissketchy but someNuu-chah-nulth peopl eshunted marmotswith
deadfalls.

TheClayoquot Plateau, Mariner Mountain, and Golden Hindesitesprovideadditional evidence
for arangedeclineintheVancouver |land marmot. No marmotsareliving near thesesitestoday
andthe StrathconaProvincial Park and Clayoquot Plateau Provincial Park sitesare peripheral to
extant colonies. Thelargenumber of marmotsintheMariner Mountain (74 animals) and
LimestoneM ountain (52 animal s) cavesisevidencethat | arge col onieswereonceinthevicinity of
thesites. Althoughoverkill may have contributed to thedi sappearance of marmotsfromthese
areas, theimpact of hunting on popul ationsmay have been minor becausethelargebonedeposits
appear to haveaccumul ated from several hunting epi sodesover aperiod of time.

Environmental changeduringtheL ittlelceAgeor inrecent historical timeisanother possible
explanationfor therangedeclineof theVancouver |dand marmotin Strathconaand Clayoquot
Plateau provincial parks. Severewinters, heavy snowfall, and delayed springduringtheLittlelce
Age 150-600yearsago could haveimpacted marmots. Thereisnew evidencefor amajor glacial
advancein StrathconaProvincia Parkintheearly 1700s. Recent historical vegetational changes
also could haveaffected marmot habitat. Inthe Cascadesand Olympi c mountai nsof Washington,
treesrapidly invaded the subal pine meadowsbetween 1900 and the 1940sresulting in al ossof
potential marmot habitat. Thehistory of subal pinemeadowson Vancouver |land needsto be
studied and moredated sitesarerequired to determinethe chronol ogy of marmot extinctionson
Vancouver Idand.



Werecommend four areasfor additional researchin parksand ecol ogical reserves:
» surveysfor cavebones,

» aurveysforliving Vancouver Idand marmots,

» meadow successionandfirehistory, and

* paleobotanical studiesof long-term climate/vegetationchanges.

BC Parkshasavital roleto play inthisresearch and StrathconaProvincial Park isof special
interest. Despitetheextens ve subal pine-al pinehabitat, no activemarmot col oniesexistinthepark
today. TheHaley LakeEcol ogical Reserveisal soanimportant research areabecauseit provides
animportant baselinefor compari sonwith subal pinehabitatsin other areassuch as Strathcona
Provincial Park.

Cavebonedepositshavehighscientificvalueandthey canyieldimportantinformationonthe
history of climate, animals, and humansinapark. Clearly they areanimportant heritagefeature of
any park. Successful management of these sitesdependslargely on education of BC Parksstaff
and park users. Werecommend four important componentsto managing thesecavesites:

* legal protection,

 documentationandscientificresearch,

* consultationwith First Nationsgroupsand thecaving community, and

 educationof BC Parksstaff and park visitors.
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| ntr oduction

TheVancouver |dand marmot (Marmotavancouverensis) isaburrowing, colonial rodent that
inhabitsal pineand subal pineareasinthe M ountain Heml ock and Al pi ne biogeoclimatic zones
(Nagorsen 1987). EndemictoVancouver Idand, thismammal islisted nationally and provincially
asendangered. Duringthepast two decades, the popul ation hasfluctuated from 100-300animal s
(Bryant 1995a; Bryant and Janz in press) and, except for anisol ated col ony at Mount
Washington, all of theknown extant col oniesareconfinedtoalocalized areaintheNanaimo
Lakes-Lake Cowichanarea(Munroetal. 1985; Janz et al. 1994; Bryant and Janz in press).
About 75% of the VVancouver |land marmot populationisconfinedtoa40kricoreareainthe
GreenMountain-Haley L akeregion, andin 1987 theHal ey L ake Ecol ogical Reservewas
establishedto protect marmot habitat (BC Parks1995).

Historical recordssuggest that thi sspecieswasmorewidespread andtheV ancouver |9 and
marmot evidently hasdisappeared from StrathconaProvincial Park, the Beaufort Range, and
Mount Arrowsmithinhistorical time(Bryant 1995b; Bryant and Janzin press). Ancient bones
foundintwonorthisland caves(Nagorsen 1995a, 1995b, 1995c¢), demonstratethat the
Vancouver |dand marmot onceinhabited|ow el evation sitesthat areforestedtoday. The cause of
theserangedeclinesisunknown. Most research (Bryant 1990) andinventories(Janz et al . 1994)
havefocused onthepossibleimpact of high el evationlogging, arecent phenomenonon
Vancouver |dandthat hasoccurredinthepast few decades. Althoughlogging may have
contributedtotherangedecline, the pal eontol ogi cal recordsand thedi sappearanceof the
Vancouver |dand marmot fromunl ogged areasin StrathconaProvincial Park suggeststhat other
factorshaveal so contributedtotherangedecline.

Since 1985, ancient marmot boneshavebeenfoundinfour high-elevation archaeol ogical cave/
rockshelter sites(Figure1). Threesitesareperipheral totheknown rangeof theVancouver Idand
marmot. Thesediscoveriesaresgnificant fromabiol ogical and archaeol ogical perspective. They
provideadditional evidencefor arangedeclineintheVancouver | and marmot and suggest that
historicor prehistoricfactorssuch asclimatechangeor early hunting playedaroleinthisdecline.
Thearchaeol ogical sitesdemonstratethat someaboriginal groupshuntedVancouver Idand
marmot, black bear Ursusamericanus), black-tailed deer (Odocoileushemionus
columbianus), and marten (Martesamericana) intheremote subal pineareasof VVancouver
Idand. Until our study, faunal remainswereknownonly fromlow elevation coastal sitesandthe
only knownarchaeol ogical sitewith
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L ocations of known ar chaeological steswith faunal remains of the
Vancouver Idand mar maot




Vancouver |d and marmot remai nswasacoastal shell middenonAlberni Inlet (Calvert and
Crockford 1982). Becausetwo cavesitesarein StrathconaProvincial Park andathirdisin
Clayoquot Plateau Provincial Park, these subal pinearchaeol ogical sitesneedtobeconsideredin
themanagement of provincial parks.

Inthisreport wesummarizefaunal analysi sof thebone depositsand assessthebiol ogical and
archaeol ogical sgnificanceof thesites. Objectivesof thefaunal analysiswere:

a) determinetherelativeabundanceand agestructureof mammalian speciesinthesites,

b) reconstruct skinningand butcheringtechniques,

¢) determinetheseasonality of thesites, and

d) comparethefaunal remainsfromthefour subal pinerock shelterswiththosetypically foundin
coastal middensonVancouver Idand.

Theimportanceof thesedatafor thebiogeography and conservation of theVancouver Idand
marmot arediscussed. Finally werecommend additional research needsinprovincial parksand
guidelinesfor managingfaunal remainsincaves.



Study Sites and Bone Deposits

Clayoquot Plateau

The Clayoquot Plateau cave Ste ("Marmot Cave") is 44 km west of Port Alberni at an elevation
of 1220 min an extengve kars area (Grundy 1986; Kozsan and Grundy 1989). Because it isan
outstanding example of karst landforms and associated vegetational and geologica features
(Figure 2), the area was proposed as an ecological reserve in 1989 and included in Clayoquot
Pateau Provincial Park established in 1995. "Marmot Cave' isa narrow cave extending about 12
m into a fractured rock. Marmot bones were discovered in the cave by Hans Roemer of BC
Parks in 1985; a skull and selected long bones were sent to the Royal British Columbia Museum
(RBCM) for identification. The Site was subsequently explored by the University of Victoria
caving club in 1988. In September 1988 David Nagorsen and Richard Hebda (RBCM) and Greg
Allen (Univergty of Victoria Caving Club), examined the Ste and collected 389 bones for analyss
(Nagorsen 1989). The marmot bone elements were found in a scattered pile (Figures 3 and 4) at
the far end of the cave in total darkness. They were exposed on rocks on the cave floor and under
the rock debris. No artifacts or charcoal were present in the cave.

Figure2. Numerouscavesexist in the karst landforms of the Clayoquot Plateau












Golden Hinde

Thisisasmall rockshelter bel ow thesummit of the Golden Hindein StrathconaProvincial Park. It
isat the base of atarn at about 1420 m. The shelter consi stsof two compartmentsformed by
several largeboulders. Boneswereinthefirst compartment whichhada3.5x 3.5mfloor witha
1.9 m constricted areaat thesouth end. In 1993, Lindsay EImsdiscoveredthesiteand removed
fivebonespecimens(all marmot); all weresenttotheRBCM for identification. A mandible
collectedfroma'rock caveat thetarn of the Golden Hinde" in 1979 by Shirley Duncanis
presumed to have comefrom the same cave. The mandiblewasdonated tothe RBCM (BCPM
16691) in 1987. In October 1994, David Nagorsen and Grant Keddie (RBCM), Ron Quilter
(BCParks), and Jack Little(Nuu-chah-nulth Tribal Council and representative of Ahousat Band)
examined thesite; 99 bone specimenswerefoundinthecave. Preservation waspoor andthe
bonesinthissitewereextremely fragmented and weathered. Most wereonthefloor of thefirst
chamber but four werearranged on arock near the entrance suggesting disturbance by human
vigitors. Thepresenceof paper garbageinthefirst chamber of the cavewasadditional evidence
for recent human disturbance. Wefound no charcoal or artifactsinthecave.



Material and M ethods

Bone Samples

Weattemptedto collect theentireboneassemblagesinthefour sites. InMariner Mountainand
LimestoneM ountain, two siteswithlargeboneaccumul ations, afew boneswerewedged
between rocksand could not becollected. All boneswere surfaceor littermat depositsandthe
faunal remainswerenot layeredintodifferent strataat any site. However, any groupi ngsor
clustersof bonesonthefloor of caveswerenoted. Bonesfrom Clayoquot Plateau, Limestone
Mountain, and Mariner Mountainwereanalysed at theRBCM. Thefaunal remainsat the Golden
Hindewereanalysedinsituandleftinthe cave.

Analysis of Bone Elements

Each bonespecimenfromthe Clayoquot Plateau, Mariner Mountain, and LimestoneMountain
caveswascatal ogued and | abelled with auni que code based on atwo-letter acronymfor thesite
and sequential numbersfor each bone specimen (e.g., CL 1= Clayoquot Plateau specimen 1). We
identified specimensto speci esand el ement us ng reference skel etonsfromthe collectionsof the
RBCM and standard reference manual s(Olsen 1964; Gilbert 1980; Schmid 1972).

Informationrecordedfor each bone specimenincluded: site, species, cluster number, specimen
number, element, description, age, Side, condition, fragment and part descriptions, and
descriptionsof boneconditionincluding the presenceof butcher marks. Weenteredinformation
intoadatabase (ABASE |V software) that wasmodified from adatabase devel oped by Becky
Wigenand Susan Crockford at theUniversity of VictoriaAnthropol ogy Department.

WeassignedVancouver | dland marmot skull sand mandibl esto three age categoriesbased on
tooth eruptionand crownwear: infants, young adults, old adults. Infantshad deciduouspremolars
(i.e., milk teeth). Skullsor mandibleswithfully erupted permanent premolarswereclassified as
adult. Y oung adultshad no crownwear ontheir cheek teeth; old adultshad teethwith heavily
worncrowns. Tooth wear wasassessed with theaid of adi ssecting microscope. Specimens
|ackingteethwereaged by sizeand skull devel opment, or recorded as



unknown age. Weagedthelong bones(femur, fibula, humerus, radius, tibia, ulna) of Vancouver
|land marmotsby epiphyseal closure (L arsonand Taber 1980). |nimmature animal sthe shaft of
along boneisseparated fromthebony cap (i.e., epiphysis) at each end by cartilage; in mature
animal sthecartilageisreplaced by solid bone. Weassigned marmot |ong bonesto threeage
categories. epiphysesnot fused, epiphysesfused with suturelinevisible, and epiphysesfused with
suturelinenot visible. Distal and proximal epi physesweretreated separately.

Weaged skullsand mandiblesof black-tailed deer and black bear by tooth eruption andtooth
wear (Robinetteet al. 1957; Rausch 1961; Marksand Erickson 1966; L arson and Taber 1980).
Becausetheir long boneswerefragmented we coul d not assessepi physeal closurefor black-tailed
deer and black bear.

Weexamined bonesfor vis bleevidence of humanmodificationfrom skinning, dismembering,
filleting, or other activitiesintentionally altering bone, suchasmarrow extraction or fracturing bone,
toobtainraw material sfor tool manufacture. All observationsweremadewithamicroscope (10-
25x magnification) except for the Golden Hindeboneswhichwereexaminedinthefieldwitha
10x handlens. Thepositionand orientation of all butcher marksweresketched onoutline
drawings. Weal so noted modificationfrom natural, non-animal agentssuch asgeochemical
modification, root action, weathering, or rockfall abrasion.

Distingui shing cut marksfrom animal tooth marksor natural damageislargely asubjective
exercisebased ontheexperienceand comparative observational skillsof theexaminer. According
toBinford (1981) human-induced butchering and skinning markswoul d be expected to show two
characterigtics: 1) repetitive cut markson many exampl esof thesameboneelement, 2) some
anatomically dictated reasonwhy aparti cular cut mark should occur at agivenlocationonthe
bone. Cutsfromtool sarecharacteristically deeper onthepartsof theshort curvatureand shallow
ontheflatter or long curvaturesurfaces. Thisisdifferent from scoring by carnivoreteethwhich
tendtofollow thecontour of thebone. Carnivore scoringisoftentransversetothelong axisof
bonessinceit resultsfromturning thebonesagai nst theteeth. Rodent gnaw marksareoftenin
parallel groupsand haveflat to concavebases. Astherewasahighincidenceof rodent gnawing
onbonesfromall assemblages, thestructure of thesemarkingswasexamined carefully to
distinguishthemfrombutcher marks.
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Weusedtwo standard quantitativemeasuresinour faunal analyses. number of identified
specimens(NISP), and minimum number of individual s(MNI) (Grayson 1984). Number of
identified specimensaresimply total countsof theidentified bone specimensfor each species. The
minimum number of individual sfor aspeci esrepresentedinasampleisdeterminedfromthe
minimum number of individual srepresented by themost abundant body part. Bonesareidentified
toelement and side; thenumber of individual sisgivenby themost abundant el ement.

Therelativeabundanceof different mammal speciesinsiteswasexpressed as%NISPand
%MNI. Wecal culated therel ativeabundance of thethreeage categories(infant, adult, old adul t)
for Vancouver | dand marmot mandiblesintheLimestoneMountain, Mariner Mountain, and
Clayoquot Plateau sitesbased ontotal minimum numbersof individual sthat could beaged. A
sampleof only four individual VVancouver | dand marmotsprohibited aquantitativeageanalysi sfor
the GoldenHindecave. Toassesstherepresentation of different body partsfor Vancouver I and
marmotsinsites, wecal cul ated therel ativefrequency of skeletal elements. Frequency wasbased
ontheproportion of expected bonesfor eachelement found (i.e., %0MNI).

Radiocarbon Dating

Wesubmitted el even bonestothelsotrace Radiocarbon L aboratory, University of Torontofor
14C analysisby accel erator mass spectometry. Dateswere corrected fos *C. Agesare
uncalibratedradiocarbonyears(+ 1 standard deviation) giveninyearsbeforepresent (BP), and
calibrated ages(with 95.5% confidenceinterval s) derivedfromdendrocalibration data. All dates
arebased onsinglebones. Samples zesfor dating ranged from one (Golden Hinde) to six bones
(Mariner Mountain).

Thesix bonesfromMariner Mountai ncaveweresel ected from different areason thefloor of the
cave. Wetested for contemporaneity among thesix datesusing the Chi-squaretest statistic
described by Bowman (1990):

c?=S(t-T)%s?

wheret=anindividual radiocarbon datewithastandard deviation af and,

T isthepooled mean of theindividual radiocarbondates, T=%t/s2)/(S1/s?). Thenull hypothesis
isthat thedatesarefromasinglestati stical sample.

11



Results

Radiocarbon Dating

Bonesfromall of thesitesare prehistoric dating from 830-2630 BP (uncalibrated) and 990 AD to
807 BC (calibrated) (Table1). Thesix bonesfrom Mariner Mountain span 141 calendar years.
However, the Chi-squaretest wasnot significant €2=9.045, 0.10<P>0.05) supporting thenull
hypothesi sthat thedatesarefromasinglestatistical sample.

Table 1. Radiocar bon datesfor Vancouver 1dand mar mot bonesfrom four cavesites.
Uncalibrated radiocar bon year sar eyear sbefor e present (BP).

Site Element Lab Radiocarbon Calibrated Age
Number Years

Clayoquot Plateau Femur TO-1224 2630+ 50°0 807 BC (899-775 BC)®
Tibia TO-692 2490+ 50 680 BC (800-406 BC)

MarinerMountain Femur TO-3562 890+50 1163 AD (1021-1255AD)
Femur TO-3563 920+50 1047 AD (1011-1226 AD)
Femur TO-3564 990+50 1022 AD (1000-1038 AD)
Femur TO-3565 850+50 1211 AD (1033-1268 AD)
Femur TO-3566 890+50 1163 AD (1021-1255AD)
Femur TO-3567 970+90 1027 AD (888-1252 AD)

LimestoneMountain Femur TO-4266 1030 + 60 1015 AD (890-1165 AD)
Femur TO-4267 1070+ 60 990 AD (880-1040 AD)

GoldenHinde Mandible TO-4265 830+60  1225AD (1040-1290 AD)

& + 1standard deviation.

b Rangeis95.5% confidenceinterval.
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Faunal Analysis

Relative Abundance of Speciesin Sites

A total of 3981 bone specimenswasrecoveredinthefour sites. Except for abluegrouse
(Dendragapusobscurus) tibiaandasmall fishvertebrafoundin Mariner Mountain cave, all

faunal remai nsweremammalian. Of the 3979 mammalian bone specimens, 3807 couldbe
identifiedto species. Only fivemammal specieswererepresentedinthefaunal remains: Vancouver
Island Marmot, black bear, black-tailed deer, marten, andred squirrel . Countsof identified bone
specimens(NI SP) and estimatesof minimum numbersof individualsS(MNI) demonstratethe
predominanceof Vancouver |9 and marmotsinthefour cavesites(Table2). Atleast 143
individual marmotswererepresentedinthefaunal remains; thelarge

Table 2. Relative abundance of mammal speciesin faunal remainsfrom four cave sites

% % Most Common

Siteand Species NISP2  NISP  MNI® MNI Element
Clayoquot Plateau

Vancouver Idand marmot 389 100 13 100  humerus
Mariner Mountain

Vancouver Idand marmot 1335 72.4 74 87.1 mandible

Black-taileddeer 419 22.7 7 8.2 adragdus

Black bear 89 4.8 3 3.5 mandble

Marten 2 0.1 1 12 -
LimestoneMountain

Vancouver Idand marmot 1321 89.7 52 85.3 tihia

Black-taileddeer 99 6.7 3 49 mandible

Black bear 45 31 3 49 mandible

Marten 6 0.4 2 3.3 scapula

Redsquirrel 1 0.1 1 16 -
GoldenHinde

Vancouver Idand marmot 99 100 4 100 mandible

2 Number of identified bonespecimens.
b Minimumnumber of individuals.
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number intheMariner M ountainand LimestoneMountainsitesisparticul arly noteworthy. The
discrepancy inrelative abundance of black-tailed deer at Mariner Mountainusing NISPand M NI
can beattributedtoinflated bonescounts. The skullsandlong bonesof thisspecieswerebroken
into numerousindividual piecesandfragments. Incontrast tothefour subal pinerock shelters,
mammalianfaunal remainsinthecoastal midden at Shoemaker Bay (Calvert and Crockford
1982) weremostly marinemammal, black-tailed deer, furbearers, and black bear; Vancouver
|dand marmotswereincidental (Figure6).

Figure6. Relativeabundance (% MNI) of mammalsin thefaunal remainsfrom four
subalpine cave sitesand the Shoemaker Bay coastal midden
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Age Composition of Faunal Remains

Vancouver |dand M ar mot

Biological ageof marmot samplesasreveal ed by mandibul ar teeth varied among sites(Figure7).
TheClayoquot Plateau remai nsweremostly infantsand young adul tswith unwornteeth; alarge
proportion of theMariner Mountainremai nswereold adultswithwornteeth. Becausetherehave
been no studieson known ageanimal s, theagewhen Vancouver |dand marmotsacquiretheir
permanent dentitionisunknown. However, individual swith deciduouspremol arsare probably
young-of-the-year. AccordingtoMashkinand K olesnikov (1990), the deci duouspremol arsof
OldWorld marmotsarereplaced by the permanent teeth beforeanimal senter hibernationintheir
firstwinter. Thechronol ogy of toothwear hasnot been studiedinVancouver | land marmot but
weassumethat Vancouver | dand marmotswith worn cheekteeth areindividual stwoyearsor
older. VanVurenand Sal sbury (1992) observedincreasingwear onthelower premolarsof
yellow-bellied marmotsMar motaflaviventris) withageandtheir measureof premolar gapwas
most effectivefor discriminating oneyear-oldsfromolder animals. Similarly, inOldWorld
marmots, the cheekteeth becomeworninanimal sthat aretwoyearsor older (Mashkinand
Kolesnikov 1990).

Figure7. Relative abundance (% MNI) of three age categories of Vancouver Idand
mar mot mandiblesfrom three cavesites
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Inall sitesepiphyseal fusion of thelong bones(Tables3-5) generally supportstheagedifferences
demonstrated by mandibles. Most |ong bonesfrom the Clayoquot Plateau sitewereimmaturewith
thesuturesunfused; morematurebones(i.e., thosewith fused sutures) werepresentinthe

Mariner Mountainand LimestoneM ountainsites. Unfortunately, epiphyseal fus onhasnot been
studiedinknown ageindividual sfor any marmot speciesand wecannot rel atethe stage of fusion
tochronological age.

Table 3. Epiphyseal closurein Vancouver | dland mar mot long bonesfr om Clayoquot

Plateau site
Fused
Suture Suture
Element Unfused Visble NotVisble
Proximal Femur 15 0 3
Digtal Femur 15 1 3
Proxima Fibula 12 1 4
Diga Fibula 11 0 6
Proxima Humerus 16 4 6
Digtal Humerus 9 0 13
Proximal Radius 16 0 6
Digal Radius 20 0 2
Proximal Tibia 18 2 4
Diga Tibia 16 0 6
Proximal Ulna 11 0 8
Diga Ulna 15 1 3
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Table 4. Epiphyseal closureinVVancouver idand marmot long bonesfrom M ariner

Mountainsite
Fused
Suture Suture
Element Unfused Vigble Not Visble
Proximal Femur 14 0 41
Distal Femur 25 10 28
Proximal Fibula 11 0 3
Digtal Fibula 7 1 6
Proxima Humerus 36 21 36
Distal Humerus 3 0 83
Proximal Radius 11 15 61
Digtal Radius 44 5 11
Proximal Tibia 36 11 28
Digtal Tibia 6 7 56
Proximal Ulna 22 11 41
Digtal Ulna 37 5 11

Table 5. Epiphyseal closurein Vancouver idand mar mot long bonesfrom Limestone

Mountainsite
Fused
Suture Suture
Element Unfused Vigble Not Visble
Proximal Femur 26 1 15
Digtal Femur 23 1 6
Proximal Fibula 8 1 8
Digtal Fibula 9 0 14
Proximal Humerus 18 0 4
Digtal Humerus 20 2 34
Proximal Radius 34 1 36
Digtal Radius 55 1 11
Proximal Tibia 21 5 12
Diga Tibia 28 4 33
Proximal Ulna 34 5 42
Digal Ulna 42 1 5
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Black Bear

Themandiblesand maxillaintheMariner Mountainsiteappear torepresent twoindividual bears.
Onewasan adult with permanent dentition; the other wasacub with the second upper molar
(M?) erupting. Accordingto Rausch (1961) and Marksand Erickson (1966), M eruptsAugust

to September andisusually fully erupted by lateautumn. Mandiblesinthe LimestoneMountain
siterepresentedthreebears. Twowereold adultswithworn molars. Based onsize(theteethare
missing) thethird mandiblewasfromanimmatureanimal.

Black-tailed Deer

Agesof fivemandiblesand threemaxillawithteethrecovered at Mariner Mountainwereall two
tothreeyearsold (Appendix 1). Nofawns, yearlingsor old deer wererepresented. Because
therewereno skullsor mandiblesand thelong boneswerehighly fragmented, we coul d not
evaluateageintheblack-tailed deer fromLimestoneMountain.

Representation of Body Parts in Faunal Remains

Vancouver |dand M ar mot

Althoughtherelativeabundanceof different skel etal el ementsdiffered amongthe Clayoquot
Plateau, Mariner Mountain, and LimestoneMountainsites(Figures8-10; Appendix 2), there
weresomecons stent patternsinthemarmot bonesrecovered. Ribsand vertebraewere under
representedinthethreesites. Thescarcity of vertebraeisespecially striking giventhelarge
number that woul d be expected for thenumber of marmotsestimated to berepresentedinthe
sites. For exampl e, novertebraewerefoundinthe Clayoquot Plateauand Mariner Mountain
caves. Few foot boneswererecovered from thethree sitesand the pel vic boneswere under
representedinthe Clayoquot Plateau and Limestone M ountai nremains. Noteworthy differences
amongthesitesincludefew compl eteskull sintheLimestone M ountainmarmot remainsandthe
under representation of marmot limb bonesinthe Mariner Mountainfaunal remains. Althoughthe
samplesizeissmall (only four individual Vancouver | and marmots), noteworthy differencesinthe
GoldenHindecaveremainsweretheabsence of compl ete skullsand disproportionately moreribs
andvertebrae (Appendix 2). However, thefrequency of boneelementsinthissiteshouldbe
interpreted with caution becausethefaunal remainsweredisturbed by recent park visitors.
Conspicuousel ementssuch asskullscould havebeenremoved fromthecave.
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Figure8. Relativeabundance (% MNI) of Vancouver 1dand mar mot bone elementsin
theClayoquot Plateau faunal remains

Figure9. Relativeabundance (% MNI) of Vancouver 1dand mar mot bone elementsin
theMariner Mountain faunal remains
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Figurel0. Relativeabundance (% MNI) of Vancouver Idand mar mot bone elementsin
theLimestoneM ountain faunal remains

Black Bear and Black-tailed Deer

Black bear skeletal remainswerehighly fragmented andincompl ete (A ppendix 3). Novertebrae,
ribsor completeskullswerefoundintheMariner Mountaincave. A similar patternwasevident
for LimestoneMountainwithonly onevertebraand asingleribfragment. Themost abundant
elementsof theappendicul ar skeletonwerethefoot bones. Although black-tailed deer faunal
remai nswereal so highly fragmented, they demonstrated somedifferencesfromthebears
(Appendix 3). Ribsand vertebraewerewell represented at both sitesand therewasbetter
representation of variouslong boneelements.

Among-sitedifferenceswereal so evident for both species. Incontrast to Mariner Mountain, skull
remainswerefew at LimestoneMountain: black bearswererepresented only by mandiblesand
molar teeth, andtheonly cranial material for black-tailed deer cons sted of two antler tines.
Innominatebonesof black bear and deer wereal so missingfrom LimestoneMountain.
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Evidence for Human Processing Activities

CutsmarksonVancouver | land marmot specimensaresummarizedin Table6. Ingeneral, cut
marksweremost frequent onthehead, jaws, upper limb bones, andtheclavicles; cutswererarely
seenontheinnominatebones, lower limb bones, and foot bones. Differencesin cut patterns
evident among sitessuggest differencesin skinning and butchering.

Table 6. Summary of cut markson Vancouver Idand mar mot bonesfromthree
ar chaeological sites

Clayoquot Plateau MarinerMountain Limestone Mountain

# % # % # %
Element Cut NISP* Cut Cut NISP Cut Cut NISP  Cut
Skull 9 11 81.8 23 58 39.7 12 41° 29.3
Mandible 7 24 291 80 149 53.7 27 74 36.5
Clavicle 8 11 727 0 17 00 19 56 33.9
Rib 1 3 333 3 170 1.8 10 358 2.8
Innominate 0 2 00 1 63 16 0 13 0.0
Vertebra 0 0 -0 2 00 O 19 0.0
Scapula 0 23 00 O 91 00 O 66 0.0
Humerus 5 22 227 4 107 37 12 67 17.9
Radius 0 22 00 O 79 00 2 95 2.1
Ulna 0 19 00 O 85 00 O 97 0.0
Femur 10 20 50.0 22 95 231 14 67 20.8
Tibia 1 23 43 6 99 6.1 4 98 4.1
Fibula 0 17 0O O 29 00 O 36 0.0
Metatarsus 2 24 83 O 6 0.0 4 34 11.8

2 Number of identified specimens.
®  Includesskull piecesfrom LimestoneMountain.
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Eight clavicleshad cutsmostly inmid shaft or toward thedistal end. Thesewouldresult from
cuttingtheshoulder muscles.

Tworight metatarsi had two cutseach acrossthe surface of thebone. Therewereonly threeribs
fromthesite. All had broken distal endsand one had two sharp cutsacrossitsmidsection.

Mariner Mountain

a) HumanM odificationtoM ar mot Bones
No carnivore chew markswere present on bones. Cutswereon skullsof 23individual
marmots, aswell ason an additional 28 separateskull parts. All cutsontheskull wereon
theupper anterior of themaxillaand theventral occipital invariouscombinations, andthe
anterior portionsof thenasal bones. All maxillaecutsareindicativeof cuttingtheskin
aroundthenose. Cutswere present acrossthearti cul ar surfacesof seven occipital condyles
and, infivespecimens, acrossthesmall ridgeextending fromtheanterior of thecondyleto
thebas o-occipital . Thecut anglesonthe condylesshow that thecuttingwasdirectly from
thesideof theskull posterior tothebullae, typical of those produced by pulling back the
head and severingfromtheneck. Cuts, small crushed points, and combinationsof these
werepresent on 33auditory bullae. Their position suggest that aknifeblade point was
jabbedintothisareato sever the muscleswhich connect the back of thetonguetotheskull.

For the80 mandibleswith butcher marks, cutswere confinedtotheregionacrossthe
ascendingramus. Astheskinintheramusareaislooseand easy tocutitisunlikely that
they woul d be made duri ng the skinning process. Only when cutting deeptoremovethejaw
by severing themusclebel ow the zygomatic archwoul d these kindsof marksbe produced.
In somemandibles, cutsoccurred only near the edge at the base of the coronoid crest or
front of theramus (17 specimens); only near the edge onthe posterior base of the
condyloid processor back of theascendingramus(11); acrossthe centre of theramus(4);
or, morecommonly, incombinationswhichincludethefirst two cutsmentioned on both
sidesof theascending ramus(22); and thelatter combination plusother cutsnear thecentre
of theramus(15). In most specimens, cutswere made strai ght acrossthe ascending ramus.
Thecombination cutsacrosstheramuswereoften parallel, suggestingsingleknife
movementsacrosstheramus. Othersindicate separate cutting movementsnear each edge
of theramusinthesamehorizontal plane. Two mandibleshad only singlecutsonthebase
of thehorizontal ramuscurvingunder themassetericline. Thesearelikely theresult of
skinningthefacial fur.
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b)

Therewere 22 femurswith cut marks. All but two had cutson the neck of thefemur where
theiliofemoral andischiofemoral ligamentsarelocated.

Four humeri had cutsontheir distal ends. Threehad oneor two cutsacrossthesmall bone
bridgeabovethelateral epicondyleontheanterior surfaceof thebone.

Thereweresix cut tibias. Two had dubiouscutsontheins desurfaceof the proximal shaft
andfour had singlecutsonthedistal shaft, threeonthe posterior surfaceand oneonthe
anterior surface. They areprobably cutsfrom skinning, but their infrequency doesnot
suggest any regul ar pattern.

Threeribshad singlecut marks; only onefortuitouscut occurred ontheinsidesurfaceof an
ischium. Theinnominateswereevidently removed without cuttingthemusclesattachedto
them suggesting that theabdominal areawassnapped and pulled of f thesacrumandthen
discarded.

Bone Cluster son Cave Floor

Theway themarmot remainswereaggregatedinto nineareasof thecavegivessomeclues
astothenatureof themarmot processing activities. Thevast majority of boneelements
werelocatedin Area8 (MNI 44). Skulls, however, wererelatively lesscommoninthis
areaincomparisonwiththeother areas.

Thecompositionof someof thesmaller pilesisrevealing. Areas1and 3weresimilar with
mostly skull partsand longbones. InAreal (MNI 10) thecomplete skulls(craniumwith
mandibles) of about ten marmotswereremoved at the sametimeand dumped. Tenwell
preserved skull sand fragmentswith el ght right and | eft mandibleswerefound close
together. Thepostcrania bonesin Arealrepresent only small portionsof amaximum of
fourindividuals. InArea3(MNI 10) therearetenright and eight left mandibleswitha
minimum of four animal sbased on skull sections.

Area4 (MNI 9)issmilarto Areas1and 3in having nineindividual sbased on craniumand
fragmentary non-matching cranial parts, but it had only onemandible. Postcranial bones
included 20ribs. Area5 (MNI 5) had somesimilaritieswithfiveskullsand six left and three
right mandibles. Other bonesincluded about 301ongbonesand, significantly, about 30ribs.
Area7 (MNI 3) isasmall pilewhichincludestwo skullsand three mandibleswith
miscellaneouspostcranial material.
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Theother areasweresmall with proportionally morepostcranial material. Area2 (MNI 3)
had only some postcranial remainsof threemarmots. Area6 (MNI 7) included mainly long
boneportions(44) of sevenindividuals. Only three skull sand two setsof mandibleswere
present. Six innominateswere present. Area9 (MNI 2) with 21 1oosely scattered bonesdid
not formasdistinct acluster astheother areasamples. Itincludedtwoleftandrighttibia
andthesamefor mandibles.

Theskullsinall areasexcept Area8 may represent asmany as33individuals, butitis
uncertainhow muchoverlapthereisbetweenclusters. Evengivensomeoverlapthereistill
aminimum of about 25 skullsthat would beexclusiveof Area8. Thisclearly showsthat a
large number of the 62 skullsfromthesitewerelocated in six of thesmaller areasof bone
concentrations. If each of the nineareasweregiven aseparate MNI count it would add up
to93with44inArea8. Thisfigurewould suggest that skullsareunder-representedin Area
8.

Human M odificationtoOther Mammals
Thelimited evidenceindicatessomeblack bear and bl ack-tailed deer remainswere
chewed. Thechew markswere madeby either wild animal sor aboriginal dogs.

Bear skull sshowed definiteevidenceof skinningandbutchering. Tworight posterior skull
fragmentshave cutsacrosstheposterior end of thezygomatic processand oneleft maxilla
fragment had an upward cut forward of theinfraorbital foramen. Fivemandibleshad cutson
oneor both sidesacrossthe base of the ascending ramus. Inamatching pair, theleft
showed cutsontheposterior and anterior surface of theascending ramusbut theright was
only cut at theanterior side. Only two postcranial bonesshowed evidenceof human
modification. A left scapulahad three cut markson oneedgeand aright radiushad aseries
of very finecut marksjust bel ow thedistal end. Gnaw and tooth pressure markswereal so
foundonthelatter bone.

A deer skull had aseriesof parallel skinning cut marksontheleft sideabovethetoothrow
onthemaxillae. No cutswerefound onthecorresponding right side. Fivedeer mandibles
had cut marksacrossthe posterior base of the ascending ramus. Wefound cut marksonly
ontwo scapul ae; oneon the outer and one ontheinner edge of the constricted areabel ow
thearticular end. Two cutswerelocated onthe neck of afemur but nonewerefound onthe
other fiveproximal ends, thefour distal ends, or themany shaft fragments. Most ulnaewere
not cut; only asinglecut wasobserved betweenthearti cular surfacesof one. Of four
humeri fragmentsacut wasseen onthedistal shaft; at thejunction of the shaft; and two cuts
ontheinsideof the



greater tubercle. Fiveribshad cut marks; two were cut acrossthe middl e of theribs; one
near the proximal end and onecut at abroken edge. Six vertebrae had butchering cuts,
threethoracic were cut acrossthe base of the spine; a6th sternal wascut ontwo edges of
thecentrum; andtwo atlasvertebrae had multiplecutsacrossthe upper ventral edgeand
withthelatter al so acrossthe upper and lower dorsal edge. No cut markswere observed
oninnominates.

Of thetwo marten bones, the ulnahad no cut marksand the humerushad two end cuts.

Tools Associated with Bones

Four artifactswerefoundintheMariner Mountaincavesite. A sharpening or abrading
stone made of acoarse sandstonewasfoundinthemiddle of Area4inapileof marmot
bones. This11.5cmlongrectangular stonetapersfrom 3.5cminwidth (1.5cmfromone
end) to 2.6 cm at the other end. Itsthicknessvariesfrom 1.37to 1.15 cm. Thestonehasa
guartz groundmasswith magnatiteand micapresent. Itisground on bothflat sdesbutis
extremely smoothly ground ononeside. Therougher surfacehasblack organic material
adheringtoitinparts. Thetool could have been usedtore-sharpenaground mussel or
dateknife. Itistoo smoothto have beenusedfor primary sharpening of stone, boneor
woodenprojectilepoints.

A partially burnt knot of wood, possibly used asatorch, and chunksof associated charcoal
werefound ontop of the Area’5 bones. A burnt deer scapula, heavily coveredin charcoal
soot, lay immediately belowit.

Fragmentsof aCaliforniamussel shell werefoundtogether in Area8, against theback of
thewest wall, inapile of marmot bones. Thisisprobably part of ashell knifebut doesnot
includethedistal endwhichusually formsasharp cutting edge. Thetool could havebeen
usedintheskinning process.

A greensiltstoneflake(4.42x 3.54 x 1.55cm), with several possibleworking edges, was
foundinapileof marmot bonesin Area8 (Figure5). It may have been used asacutting
tool for skinningand butchering. Theflakehasonelongstraight distal edge(2.85cmlong)
that continuesinacurvetooneside. Thisedgehasdight roundingthat may benatural
weathering or usepolish. Thereisnoretouching onthisedge. Onesidehasstepfracturing
fromearlier removal of smaller flakesaswell aspossibleretouch at the bottom edge.
Another short straight edgeisdlightly rounded with no obviousretouch. Two other short
sectionsof theflakehavewhat appearsto beunifacial useretouch. Thefinest edgeof this
flakefitsthelarger cutson somebones, when both are observed together under a
microscope. Other bone cutswere muchfiner and coul d not have been cut withthistool.
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Limestone Mountain

a)

28

Human M odificationtoM ar mot Bones

Skullswerehighly fragmented and no compl ete skull swerefound. Of thethreepartial
skulls, two had cut marks; another ten skull partshad cut marks. Thecutsarecons stent
withskinning. Thecutting of thetonguemuscl esissuggested by cutsonaleft auditory bulla
that al sohad apuncturedright bulla, and cutsonanindividual left bulla. Threeother right
bullaehad puncturemarks. Three specimenshad cutsacrossthe edgeof theforamen
magnumi ndicativeof severing of thehead.

Of 74 mandibles, 27 had cutsand 16 were missing partswhere cut marksusually occurred
or weretooweatheredfor analysis. Most common cutsappeared ontheascending ramus
asaresult of cuttingthe masseter muscle. Fourteen had cutson both sidesof theramus,
with half having morecutsacrossthe centreof theramus. Eight had cutsonly ontheedges
of theramusand two had cutson the underside of the posterior part of theramus. Other
specimensdifferedinhavingadditional downward cutson partsof theramus. Two had cuts
ontheinner or |abial sideof themainramuswhicharelikely secondary tothecutting
involvedintheremoval of thetongue.

Therewere 14 femurswith cutsnear the proximal end. Onewasal so cut just abovethe
distal end. Eleven had the cutsonly onthe neck of thefemur; two had cutson the neck and
acrosstheupper greater trochanter and onewascut just bel ow the outer trochanteric crest.
Theproximal cutsarecons stent withthe severing of theproximal ligamentsof theleg. The
onedistal cut may berelatedtoremoval of thefur fromthelegarea.

Only four tibiaehad cut marksthat do not clearly represent apattern. Twohadsingle
angled cutsnear the distal end and onewascut acrossthe side of thedistal end. Onehad a
singlelong cut ontheinsideof the proximal shaft. Thesecutsseem morelikely toberelated
toskinningthanbutchering.

Twelvehumeri werecut onthedistal end. Seven had cutson one edge of thedorsal surface
acrossor near thesmall boneridgeabovethelateral epicondyleontheanterior surface.
Onehadcutsinasimilarlocationontheventral side. Thecutsaretheresult of cutting
musclesand suggest theremoval of thefront pawsduring theskinning process. Three
humeri had single cutsangling down onthedistal end of the shaft and onehascutsacross
thesamearea. They seem consi stent withremoval of theskinfromthelower forelegs.



b)

Tenribshad cut markswhichareatypical giventhegeneral absenceof ribsfromthesite.
Four were cut near the proximal end, three near thedistal end andthreenear themiddle.
Thedistal end cutsmay have been madeduring the separating of thebelly fur but the others
aresuggestiveof thefilleting of theribs.

Nineteen clavicleshad cutsmostly towardthedistal or proximal endsand onboth anterior
and posterior sides. Four had cutsnear both ends. They areconsi stent with theremoval of
thefront l[imbs. Thescapul ae (which haveno cut marks) would havebeenremovedat this
time.

Tworadii had poorly defined distal end cut marks. They may berel ated to skinning during
removal of theforearmsbut shoul d becons deredinconclusivefor establishingabutchering

pattern.

Threemetatars had singlecutsnear their distal endsand one specimen had several random
cutsontheshaft. They arerel ated to skinningand not butchering.

Human M odificationtoOther Mammals

Other mammal boneswerehighly fragmented. Cutswere observed ontwo black bear and
two black-tailed deer bones. One bear mandibl e had three cutson thelower base of the
posterior of thecondyl oid processand several cutsonthe posterior and mid-surfaceof the
coronoid processof theascending ramus. Threelong, finecutswerefound onthedorsal
surfaceof aleft bear scapulaparall el to the spinousprocess.

A deer rib mid-section had three cutsonitsdorsal surfaceand adeer cervical vertebra
fragment had nine short closetogether cutsand onenear by cut onthe edge of oneside.

No cutswere present onthesinglered squirrel bone; two martenfemurshad cutsonthe
neck.

Golden Hinde

Only two marmot boneshad cut marks: aleft mandiblewith cutson each side of the base of the
ascendingramus, andapartial ribwiththreecut marks. Thelimited evidencefromthissite
suggeststhat at | east some butchering occurred here, but the presence of avertebral columnand

ribssuggeststhat at | east one animal wasskinned and no partstaken away for food consumption.
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Discussion

I nter pretation of the Faunal Assemblages

Thefaunal remainsinthefour subal pinesitesareclearly theproduct of human hunting. Because
thecave/rocksheltersareshallow withnovertical shafts, they arenot natural trap siteswhere
mammalswouldfall totheir death. Although carnivoretooth markswerefound onafew bones,
thelargely intact marmot longbones(Figure11) areinconsistent withacarnivorekill. Thereare
only four wildcarnivoresonVancouver | d and that woul d be capabl e of killingandtransportingan
adult marmot to acave: black bear, gray wolf Canislupus), cougar (Felisconcolor), and
wolverine (Gulogulo). Predationfromthese specieswoul dresultinextensivedamagetothe
skeleton of asmall mammal suchasamarmot.

Thenumerouscut marksidentified onbone specimensandthepresenceof artifactsinonecave
areconvincing evidencefor human predation. The peculiar biasesin marmot body parts
represented at thefour sitesareal so cons stent with human processing. Differencesintherel ative
abundanceof variousbody partsinfaunal remainscanresult from preservation, recovery and
sampling bias, human butchering, and disturbancefrom scavengers(Behrensmeyer and Hill 1980).
Small rodent (Townsend’ svoleMicrotustownsendii, or deer mouse Peromyscussp.) gnaw
markswerefound on many bonesanditispossi blethat some small bone elementssuch asribsor
vertebraeweretransported fromthe cavesby small rodents. No marmot bonesshowed evidence
of carnivorechewing and scavenging probably hadlittleimpact onthefaunal assemblages.
Becausethey arefragileand small, poor preservation coul d al so contributetothe scarcity of
marmot ribsinour sites. Thefew foot bonesrecovered may betheresult of ssmplingbias. Small
andfewinnumber, they could beoverlooked. However, weattribute most of thedifferencesin
rel ativeabundanceof body partsto process ng associated with butchering and skinning.

Thecut marksonbonesand body partsrecoveredinthesitessuggest that VVancouver Iland
marmotswereskinnedfor peltsand butchered for meat. Theuseof marmot peltsand meat by
aboriginal peopleshasbeenwell documented (see Ethnographic Evidencefor Native Useof
Marmotssection). Thenumerouscutsontherostral areaof skullsand onthemandiblesare

cons stent with skinning. Thecutsontheneck of thefemursiscons stent with cuttingand removing
thethighmusclesfor meat. Theabsenceof cut marksonthepelvis
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suggeststhat the softer tissue may have been cut and the abdominal areasnapped back and pulled
off. Insomemarmots, thefront lower legswerecut tofacilitateskinning. Leavingtailsandfeet on
the skinswould explainthegeneral absenceof foot bonesandtail vertebrae. Thepaucity of ribs
and vertebrae suggeststhat meat and fat may have been | eft attached to back boneandribsand
trangported toanother location.

Throughout theprovince, aboriginal peoplescaptured marmotswithdeadfall traps(Drucker
1950, 1955) and snares(Preble 1910). Thefaunal remainsprovidenoindication asto how the
Vancouver Idand marmotswerekilled or captured. Thebroken skullsat Clayoquot Plateau
appear to betheresult of snapping thehead forwardtofacilitatethe processing of thecarcass
rather than crushing damageassociated withadeadfall trap. Crushed vertebraewouldindicate
damagefromadeadfall trap but vertebraeareabsent fromthesites.

Cut marksand the body partsrepresented inthe sitesindicatethat black-tailed deer, black bear,
andmartenwereal soat least partially skinned and butchered at Mariner Mountainand Limestone
Mountain. Thephysical remainsprovideno evidencehow they werekilled. Itisconceivablethat
somebonesaretheresult of animal sbeing draggedinto cavesby carnivores. However, the
presence of both carnivore chewing and butchering onafew boneswoul d suggest that partsof
theselarger animal swereeither givento dogsor scavenged by carnivoresafter processing by
hunters. Therearetoofew cut bonestointerpret processi ng techniques. But thescanty data
indicatethat deer and bear wereheavily butchered and most of their partsremoved fromthecave
gtes.

Inthesubal pineareasof Vancouver | dand permanent snow cover usually persistsfromlate
November to Junedepending onsnowfall, aspect, and el evation. Thefour caveswould befilled
with snow during those monthsand they woul d be access bl eonly after snow melt. Accordingto
cavers, theClayoquot Plateau caveisfilled with snow until early August someyears. Thefaunal
remainsat thefour sitesarecertainly cons stent with huntinginlatesummer or early autumn. The
Vancouver |dland marmot hibernatesfrom October tolate April or early May (Nagorsen 1987)
andthisspecieswould beavailablefor only abrief period fromlatespringto early autumn.

Y oung-of-the-year usually emergefromtheir natal burrow inlate Juneor July (Nagorsen 1987).
Thepresenceof infant marmotswithmilk teethinthefaunal remainssupportsal ate summer or
early autumndatefor thesites. Theageof theblack bear cubisal so consi stent with thisseason.
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Aboriginal peopleswho hunted the subal pine-al pineareasprobably livedwithlarger groupsin
villagesontheocean shore. Huntersventuredinto the subal pineareasfor themain purpose of
huntingtheVancouver |dand marmot or were part of alarger task forcethat cametothese
regionsduring thedeer and bear hunting season. Weinterpret the subal pinearchaeol ogical sitesas
temporary hunting sitesused only inlatesummer or early autumn. Althoughtheexistence of
permanent campsnear the subal pinesitescannot beruled out without further survey work, it
would appear that the cave/rockshel ter siteswerenot habitation sites. Thesesitesprobably served
astemporary sheltersfor processing animal sininclement weather. Nofirepitswerefoundinthe
cavesandtheonly evidencefor firewasapieceof burned woodfoundintheMariner Mountain
cave. Curioudly noevidenceof firewasfoundinthe Clayoquot Plateau site, althoughthebones
weredeposited in adark areaat the back of the cave. Animalsmay have been processedinside
theentranceand thenthrowntothe back of thecave. Thelack of artifactsinthesitesindicates
that most artifactsused at these sitesweretakenback tothemainvillage. Thefew artifactsfound
at Mariner Mountaincaveprobably represent theraretool lost or discarded.

Thefaunal remainsat Clayoquot Plateau and Gol den Hinde may represent asingle epi sode of
marmot hunting and these cavesmay havebeen used only once. Thelargebonedepositsfound at
Mariner Mountai nand Limestone M ountai n probably accumul ated from multi pl e hunting epi sodes
over aperiodof time. Althoughtheradiocarbon dateswerenot significantly different, our sample
wassmall. If fundsfor radiocarbon dating wereunlimited, asampl eof six datesfrom each cluster
wouldbeamoreeffectiveapproachto assessfor contemporaneity. However, thearchaeol ogical
context withanumber of distinct clustersonthecavefloor iscons stent with several hunting
events. Themost compelling evidencefor multi plehunting epi sodes, however, comesfromthe
numbersof animal sharvested. Thenumbersof marmotsfoundinthesesitesexceedtheaverage
colony sizeknowntoday. For example, of the51individual marmotsrepresented by mandiblesat
Mariner Mountaincave, 41 arefromadults. Based onananal ysisof 35reproductivecol onies,
Bryant and Janz (in press) reported that the mean number of adults/colony was4.2; their
maximum mean count for adult Vancouver |land marmotsinasinglecolony was15.7. Itis
possiblethat aboriginal huntersforaged over avast areaharvesting marmotsfrom col oniesfar
beyondtheMariner Mountain siteand then transported animal stothe cavesitefor processing.
However, giventheruggedinaccessi bleterrainthisseemsunlikely and weattributethelarge
number of marmot remainsto several hunting episodes.

Whichaboriginal groupshunted marmotsat thefour archaeol ogical sitesisunknown. The
evidenceleftinthecavesisscanty. Uncertainty regarding someterritorial boundariesand historical
territorial changesandextinctionsof |ocal aboriginal popul ationsal sohinder any attemptsto
determinetheaboriginal groupsinvolved.
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Archaeological significance

Thefour cavesitesares gnificant becausethey arethefirst subal pinearchaeol ogical siteswithfaunal
material describedfor theNorthwest Coast. TheMariner Mountainand Golden Hinderockshelters
represent theonly archaeol ogi cal sitesknown from StrathconaProvincial Park. Numerous

archaeol ogical siteswithfaunal remai nshave been described fromthe Olympic Peninsulaand
southerncoast of British Columbia. However, they areall coastal sitessituated near sea-level with
long-term continuousoccupancy (Bergland 1983; Mitchell 1990). Becauseof thediversefood
resourcesavailable, their middenscontainavariety of faunal remainsincluding mollusks, fish, birds,
andmarineandterrestrial mammals. OnVancouver Idand, bl ack-tailed deer iscons stently the
dominant terrestrial mammal foundin coastal middens(Calvert 1980; Calvert and Crockford 1982;
Mitchell 1981; Bernick 1983).

Incontrast, thefour subal pinecavesare specialized seasonal siteswith short-termuseandtheir
faunal remainsdemonstrate somestriking differencesfrom coastal sites. Withnomarineresources
availableand adepauperateavianfaunacompared with coastal sites, terrestrial mammal sarethe
maj or resourceinthesesubal pineareas. Thehighincidenceof Vancouver ISandmarmotinthe
faunal remainsdemonstratesthat it wasthe maj or specieshuntedin subalpineareas. Thelow
numbersof black-tailed deer, black bear, marten, and red squirrel intheLimestone M ountainand
Mariner Mountai nsitessuggest that theseani mal sweretaken opportunistically. Thefew mammal
speciesrepresentedinthesitesclearly reflect thelow mammalian speciesdiversity inthesubal pine
areasof Vancouver | dand (Cowanand Guiguet 1965). Neverthel ess, several mammal sthat range
into subal pine-al pineareasof Vancouver | dand are conspi cuoudy absent fromthearchaeol ogical
sites: gray wolf, cougar, elk (Cervuselaphus), wolverine, and ermine Mustelaerminea). Wolf,
cougar, and elk haveall beenfoundin coastal middens(Mitchell 1981; Calvert and Crockford
1982; Bernick 1983) and their absencefromthesubal pinesitesiscurious.

Theonly other VVancouver |dand marmot bonesrecovered fromanarchaeol ogical sitearefromthe
Shoemaker Bay site(DhSe2), ashell middenlocated on Alberni Inlet west of Port Alberni (Figure
1) (Fieldand Laquer 1975; Calvert and Crockford 1982). Thisisatypical coastal stewitha
divergity of faunal material including mollusks, fish, bird, and mammals. Vancouver | and marmot
wasincidental with only 24 bone specimens. Thesiteisstratifiedinto two major componentsor
zoneswithall of themarmot bonesfoundintheupper Component 11 or ZoneA, althoughfour are
fromanuncertainzoneA/B. Zone A hastwo radiocarbon datesthat rangefrom 1341 BP(AD

609) and 1056 BP (AD 894).
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Theavailablearchaeol ogical evidencesuggeststhat Vancouver |dand marmotswerebeing hunted
intwo general time periods: about 2600 BP, and alater period from 800to 1070 BP. Thedates
from Shoemaker Bay pushthelatter period back to about 1300 BP. Thereisno archaeol ogical
evidencefor huntingmarmotsfrom about 700 BPuntil the period of European contact.
Ethnographi cdocumentationislimited but suggestsat | east somehunting by someaboriginal
groupsintheareassouth of the Clayoquot Plateau. However, withonly fivedated archaeol ogical
siteswithmarmot remainsthese gapsare probably theresult of sampling bias. Moredated

subal pinesiteswill probably demonstrate continuousmarmot hunting throughout the past few
thousandyears.

Giventhat humanshaveoccupiedVancouver Idandfor at |east 8000 years(Carlson 1979),
Vancouver |dand marmotswere probably hunted earlier than 2600 BP. However, because of
extremeweathering and acidic conditionsassociated with graniterock, conditionsfor bone
preservationinmost subal pinecavesor rocksheltersontheisland woul d be poor. Preservation
beyondafew thousandyearsisunlikely. Theonly caveslikely to support ancient archaeol ogi cal
bonesarethosesituatedinkarst landformswhicharealkaline. Itisnoteworthy that 9400 year old
Vancouver | land marmot bonesrecovered fromakarst trap cave at Nimpkish Lake (Nagorsen
19953, 1995b) were better preserved than the 800-1000 year old bonesfound at Limestone
Mountain, Mariner Mountain, andthe GoldenHinde.

Ethnogr aphic Evidence for Native Use of Marmots

Theimportance of marmotstotheaboriginal peoplesalongtheNorthwest Coast of North
Americahasnot beenfully recognized and ethnographic and historical informationontheir useis
poorly documentedin contrast totheBritish Columbiainterior. InformationontheVancouver
Idandmarmotisparticularly sparse.

Duringthevisitsof fur trader John Mearesto the Northwest Coast of Americabetween 1786 and
1788, heobservedthat the skinsof marmots[presumably hoary marmot] occurredingreat
quantities' (Meares1790). Ethnographer Philip Drucker, in speaking of theNorthwest Coast in
general, notedthat: "Themarmot [ presumably hoary marmot] ... furnished alight but finely furred
pelt, prized throughout theareafor clothing. Indaysbefore European blankets, these hideswere
oneof thechief articlesusedin potlatches. Marmot wereplentiful inmany localitiesinthehigher
mountains. Thegroundswereusually privately owned, and hutsor cabinswerebuilt onthem. The
hunterswiththeir familieswent upinthefall whenthefur had set but beforetimefor themarmot to
hibernate. The seasonwasashort but rich one, for theanimal swereeasy to catch, and thehunting
partiescameout with quantitiesof valuablefurs’ (Drucker 1950: 246).



Theprimary techniquefor catchingthehoary marmot wasdeadfall trapsset directly infront of the
burrows. Thedeadfallswereasmaller version of thoseused for bear, with alogweight supported
by alever arm held by atrigger (Drucker 1950). TheTlingit had aspecial carvedtrigger for the
traps(Drucker 1950, 1955) which had "magically effectivedes gnsor figures, not considered
necessary intrapping other animals' (Emmons1991). Among the Sekani peopl esthehoary
marmot waskilledwith " sticks, after smokingthem out of their holesor flooding them out by
divertingastream; andif theground hogsretreatedinto cranniesamong therocksthey twisted
long sticksintheir fur and pulledthem out intotheopen” (Jenness1937). Snareswereevidently
al soused, although snaresmay bearecent technique adopted after theintroductionof wire. In
1910, onanal pinemeadow near Klappan M ountainonthe upper Stikinedrainage, Edward
Prebleobservedthat "every dight el evationwasoccupied by afamily of marmotsand aparty of
Indiansnear had hundredsof snaresset at the burrowsand were catchinglargenumbers. The
skinsarestretched and traded and theflesh dried for winter use” (Preble 1910).

Onthenorthern coast of British Columbia, wealthwasdirectly measuredinhoary marmot skins
amongtheTlingit and the Gitksan of theupper SkeenaRiver (Drucker 1950). Drucker noted that
the: " Skinsof thewhistling marmot wereregarded asvery valuabl e, particularly among Tlingit,
Haida, Tsmshian, andthenorthern Kwakiutl divisions. It ssemsthat anciently arobemadeby
sewingtogether many of thesmall soft-furred hideswasabout equal invaluetothe

sea-otter robe". Thesignificanceof marmotsisreflectedinthenaming of thenew moons. The

Y akutat Tlingit of southern Alaskarefer to September asthe" digging moon™ whenmarmots” put
upfoodforthewinter" (deLagunal1972). TotheKispiox Gitksan, September wasthe"marmot
hunting moon" when marmotswere hunted ontheupper SkeenaRiver (Drucker 1950).

Onthesouthern coast the use of marmot furswasdocumented by Peter Pugetin1792while
vigtingavillageonEldInlet, northwest of Olympia, Washington (Bern 1939), andin 1825 by
John Scouler whileat Baker’ sBay near the ColumbiaRiver when hereferredto "arobe made of
theskinsof aspeciesof marmot” (Blackwood 1826). Thesefirst documentsprobably refer tothe
Olympicmarmot (Marmota ol ympus) of the Olympi ¢ Peninsulawhichwerehunted by the
Quinault and Queetsfrom Juneto September (Singh 1966). Quinault el ders, onthewest side of
the Olympic Peninsula, said that of al| thefurssewnto makerobes, themarmot wasthe"favorite"
(Olson1936). Themarmot or kwukwu’ k were'"usually sought during theseason of elk huntingin
themountains. They wereeasy tokill. Their skinsweremuch usedinthemanufactureof bed
blankets. A small shoulder robe of four to six skinsof theanimal wassometimesmade. A single
skin made ahandy seat when onehadto sitinacold or damp spot. Theflesh of the marmot was
regarded asexcellent and well-flavoured meat becausethey eat grass' (Olson 1936).
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Fur tradedocumentsal soindicatethat marmotsweretrappedfor fur. Marmot furswerenot
traded onthe northernand central coast at Hudson'sBay Company fortsfrom 1828t0 1855. A
changeoccurredin 1856 when 575 marmot furs| speciesnot given] weretaken at Fort Simpson
and another 1337thefollowingyear. Thesteamer, Beaver, trading along the coast collected 1032
marmot fursin 1856 and 2188 marmot fursin 1857.

InformationontheVancouver |dand marmot isscanty. Thisspecieswasrecognized by Alexander
C. Anderson of theHudson'sBay Company inhisnoteswritten between 1834 and 1867: "The
skinsof themarmot sewed together makealight warmrobe. Therocky mountainmarmot [=
hoary marmot] of themainland aregenerally grey in col our whil st themarmot of Vancouver [ and
and some of the Northern mountainsare black or very dark brown. Robesmade of alternategrey
and black skinsarevery effectiveand valued accordingly" (Anderson 1920). Whilein Kyuquot
territory at NootkaSoundin 1786, Alexander Wal ker observed marmot skins, but these may not
necessarily betheproductsof VVancouver | dand. Fursof mainland animal ssuchasfox andrabbits
wereal soobserved (Fisher 1982). Fur tradedocumentsindicatethat 166 marmot furswere
acquiredin 1857 at Fort Rupert onthenortheast coast of VVancouver | and. However, thefurs
wereonly recorded as"marmot” and the speci esidentificationisnot known. They could have
beenVancouver Idand marmotsor hoary marmotsfromthemainland coast.

Theonly ethnographi cinformationontheVancouver Idand marmot refersto Nuu-chah-nulth
peoples. George Hamilton of Port Alberni reported to ethnol ogist Philip Drucker that the
Opetchesaht of the Port Alberni areahunted marmotswith deadfalls(Drucker 1950). L uke Swan
of Hotspring Coveand Ahousat, whowasbornin 1893, recordedinformationinhisnative
language ontheownership of resourcesinManhousat territory. TheManhousat livedtothenorth
andwest of the Ahousat beforemergingwiththem. A tape (trand ated by GeorgeL ouie) notes

that only onechief owned the highforested areasal ong the mountai nswhichincluded thehomesof
thefur bearinganimal ssuchasthewolf, bear, and elk butimpliedthat "noone" had ownership
rightsover themarmots. Thisstatement showsarecognition of the presence of marmotsbut may
reflect knowledgefromatimeperiodinwhich marmotswerenolonger hunted.

Anglicizedversionsof thelocal southern Nuu-chah-nulthnamefor theV ancouver | and marmot
include Sit-si-tehl (Sproat 1868) and Shee-sheeteelthor Shishitulh. Thelate GeorgelL ouie
suggested that the" shi shi” component refersto

"cleaning-likepullingtheleavesoff berries'. Thismay refer toamarmot cleaningitsface. Itisalso
possiblethat the" shi shi" partisan onomatopoeiafor thespecies alarmcall.
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Resultsfromtheradiocarbon dating demonstratethat marmotsdi sappeared fromtheseareas
sometimewithinthe past 800-2600years. Unfortunately, withonly threedated prehistoricsites
availableandrather vagueanecdotal historical records, wecannot reconstruct thechronol ogy of
marmot extinctionsinthe Clayoquot Plateau and StrathconaProvincial Park. VVancouver Idand
marmotsmay havedisappeared fromthe Golden Hindeinrecent historical time. Old burrows
havebeenfound at MarbleMeadows, Greig Ridge, and PhillipsRidge (Bryant 1993). TheGreig
Ridgeburrowsareonly about two kmfromthe Golden Hindesite. The persistence of abandoned
burrowshasnot been measured but presumably they were occupiedinthiscentury. Anecdotal
reportsof Vancouver |dand marmot whistlesfromthe GoldenHinde, PhillipsRidge, and Greig
Ridgein 1979 (Bryant 1993) comefromasingleobserver and areinsufficient evidencefor living
marmots. Themandiblefound at the Golden Hinde (RBCM 16691) by Shirley Duncanin 1979
and cited by Bryant (1993) isfromtheprehistoric archaeol ogical sitethat westudied.

Thereareno historical sightingsor observationsof abandoned burrowsfrom Mariner Mountainor
Clayoquot Plateau Provincial Park (Bryant 1993). Thenearest Vancouver |land marmot record
toMariner Mountainsiteisamandiblefound at Drinkwater Creek in 1940 (CowanV ertebrate
Museum, University of British ColumbiaUBC 4540). Becausethemandiblehasnot beendated
by radiocarbonanalysis, thegeol ogical ageof thisspecimenisunknown. Except for ananecdotal
report of whistlesheard on Nahmint Mountainin 1988, Clayoquot Plateau Provincial Parkisfar
beyondthehistorical recordssummarized by Bryant (1993). Moresiteswith dated marmot
remainswoul d assi st in determining themost recent occupancy datesfor Vancouver Idand
marmot intheseperipheral areas.

Two plausibleexplanationsfor thedi sappearance of marmotsfrom Strathconaand Clayoquot
Plateau provincial parksareclimaticchangeand overkill fromprehistorichunting. Accordingto
theprehistoric overkill hypothesis(Martin 1984), vul nerable animal ssuch aslargemammal sand
flightlessbirdswere huntedto extinctionwhen early human hunterscol onized new areas. Themost
compelling evidenceisfor someof theoceanicisandssuchasNew Zealand wherelargeflightless
birdswereexterminatedinaslittleas500yearsafter humansarrived. InNorth America, overkill
involvedthelargeherbivoresand carnivores(so called megafauna) and smaller North American
mammal swerelargely notimpacted (Martin 1984). Marmot remainshave been foundinnumber
of archaeol ogical sitesacrossNorth America. Bonesof theyellow-bellied marmot for example,
occur invariousarchaeol ogical sitesassociated with cavesandrockshelter sitesinthe Great Basin
and southwestern United States(L ange 1956; Thomas1985; Grayson 1988) but |ocal extinctions
andrangechangesfor thismarmot havebeen attributed to climatic changesrather than prehistoric
overkill.
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Thescenarioof rapid extinctionfrom prehi storic overhunting doesnot apply totheVancouver
|dland marmot. Although humanshavebeenonVancouver Idandfor at | east 8000 years(Carlson
1979), theVancouver | and marmot hasnot been extirpated, and marmotsand humanshave
evidently coexisted onVancouver Idandfor thousandsof years. Neverthel ess, thelarge number
of marmotsand predominanceof ol der, breeding ageanimal srepresentedintheMariner
Mountainand LimestoneMountainfaunal remai nssuggest that early hunting could have
contributedtothedeclineof local marmot colonies. Becausethetimeframeisunknown, itis
difficult toassesstheimpact of human predation. If themarmot remainsinthefour archaeol ogical
sitesaretheproduct of singleevents, thentheimpact would besignificant. However, if thebones
accumulated from hunting activitiesover aperiod of time, thenthehunting may besustainable. The
physical evidencefromMariner Mountai n cave suggeststhat thel argebonedepositsaccumul ated
frommorethan onehunting epi sode.

L ong-term climatic and vegetational changesal so could account for themarmot'sdecline. Grayson
(1987) and Harris(1990) documented | ocal extinctionsof theyellow-bellied marmot inthe Great
Basinand southwestern United Statesthat inpart arecorrel atedwithlate Plei stoceneand early

Hol oceneclimatechanges. However, dataon marmot extinctionswithinthe past few thousand
yearsarescanty. Grayson (1987) reported theextirpation of ayellow-bellied marmot popul ation
inwestern Nevadathat occurred withinthepast 1500 years, but hewasunabletorelatethisto
climaticeventsor humanactivities.

Climaticandvegetational changesthat followedtheice-ageonVancouver Idand (Hebda1995)
probably had amajor influenceonthedistribution of theVancouver |land marmot. Thecool
environmentintheearly post-glacial resultedinanopen parkland environment acrossmuch of the
idand. Palaeontol ogical recordsfrom Nimpkish Lake(Nagorsen 1995a, 1995b) and Weymer
Creek near Tahs s(Nagorsen 1995c) demonstratethat during thisperiodtheVancouver Idand
marmot inhabited |ow el evation sitesthat arenow forested. Withashift towarm, dry climatesand
forest expansionintheearly Holocene 10 000- 7500 yearsago (Hebda1995), Vancouver Island
marmotspresumably disappeared fromlow elevationsand their distributionwasrestricted to
subal pine-al pineareas. Theseclimatic changesintheearly Holoceneresultedinthefragmented
distributional patternand metapopul ationlifestyledescribed by Bryant and Janz (inpress).
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Themaost pronounced | ate Hol oceneclimati c changeson V ancouver | dand occurred duringthe
LittlelceAge, aperiod about 150-700 yearsago characterized by coldtemperaturesand glacier
expansion (Grove 1988). Althoughwell-studiedinthe Rocky Mountains(L uckman 1986),
climaticfluctuationsonVancouver |dand duringthisperiod havereceivedlittleattention. A
preliminary study of tree-ring chronol ogy of mountain heml ock{sugamertensiana) andyellow
cedar (Chamaecyparisnootkatensi s) in subal pine areas of the Forbidden Plateau and Comox
Glacier Nature Conservancy Areaof StrathconaProvincial Park by Smith (1994, 1995) reveal ed
sgnificant fluctuationsintreegrowththroughthelast 300yearsthat presumably parallel climatic
changes. Datesfrom subfossi| treesfoundat Moving Glacier, MillaL akeindicatethat thisglacier
reacheditsmaximumLittlelceAgepositioninthe 1700sfollowingacentury of reducedtree
growth. Theeffect of theseclimaticfluctuationson marmot habitat i snot clear but periodsof
heavy snowfall, delayed springs, and col d wet summerswoul d reducereproductionand survival
of marmots(VanVurenand Armitage1991). Such climatic effectswoul d bemost pronounced on
coloniesincentral or northernVancouver | dandwherewinter climateismoreseverethan
southeasternVancouver Idand.

Thetreelineandtheextent of a pine-subal pinemeadowsinthemountai nsof the Pacific
Northwestishighly dynamicand historical success onal changesthat haveoccurredinthepast
century inresponseto climaticfluctuationsandfirehistory may al sohaveimplicationsfor marmot
habitat. |nthe southern Coast Mountains(Brink 1959), Cascade Range (Franklinetal. 1971),
and Olympic Mountains(Fondaand Bliss1969), coniferoustreessuch assubal pinefiApies
lasiocar pa) and mountai n heml ock rapidly invaded subal pine-al pinemeadowsfromtheearly
1900sto 1940s. Thisconifer invasionevidently coincideswithaperiod of warmdry climateand
reduced snow cover. Firemay alsoassi st inmaintai ning subal pinemeadowsinthesemountains
(Brookeet al. 1970; Kuramotoand Bliss1970). Milko (1984) attributed thehistorical range
declineof theVancouver |9 and marmot to habitat lossfromforest succession. Henoted that the
meadowsat Gemini Peak near theHal ey Bowl, which areevidently maintained by firewerebeing
invaded by subal pinefir. Unfortunately, forest successionandfirehistory inthesubal pine
meadowsof Vancouver |dand especially the StrathconaProvincial Park regionhavenot been
studied andtheeffectsof success ononmarmot habitat isspecul ative.
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Whatever the causeand timingfor thedisappearanceof theVancouver | and marmot from
northernand central Vancouver Idand, itissignificant that marmotshavenot recol onized most
sitesthat once supported prehistoricor historic col onies. Asistypical of most marmot species,
twoor threeyear oldVancouver | dand marmotsmay |eavetheir natal densand disperse. Bryant
(inpress) reported movementsupto 7 kmfor ear-tagged animal sand | ow el evation recordsof
solitary animals(Bryant 1993) suggest that someV ancouver |land marmotsmay disperse 25-30
km. Some of the prehistoric and historiclocationsmay betooisol ated to bereached from extant
colonies. Thenearest activecol ony to StrathconaProvincial Park for example, isat Mount
Washington. Mariner Mountaincaveis48kmfrom Mount Washington and Golden Hindeis33
kmfromMount Washington. Similarly, the Clayoquot Plateau sitei sabout 58 km from Mount
Washingtonand 69 kmfrom PMountain, thenearest known extant colony inthecoreareatothe
south. Althoughtransplantscoul d beusedtore-establish coloniesintheseareas(Janzetal.
1994), itisessential that comprehens vehabitat studiesaredoneto determinethat thesesitesare
gtill suitablefor marmots.

Recommendations

Future Research

Any attempt to understandtherangedeclineof theVVancouver | land marmot ishindered by
insufficient data. Marmot remainsareknown fromonly seven prehistoric sites: Shoemaker Bay,
thefour archaeol ogical sitesdescribed herein, and paleontol ogical sitesat NimpkishLakeand
Weymer Creek. Moresiteshaveto befound beforewe can reconstruct the chronol ogy of

marmot col ony extinctionsand determinetheimpactsof climatic changeor early hunting. Research
onlongterm pal eobotani cal changesand recent success oninthesubal pinemeadowsof
Vancouver Idandisrequired beforewecan assesstheimpact of climatic or habitat changes.

BC Parkshasavital roletoplay inthisresearch. StrathconaProvincial Park isof special interest.
Despitetheextens vesubal pine-al pine habitat and evidencefor prehistoric and historic colonies,
no activemarmot coloniesexistinthepark today. Although StrathconaProvincial Park hasbeen
suggested asapossi bleareafor reintroducingtheVancouver Idand marmot (Janzetal. 1994), it
isessential todeterminethecausefor thedisappearance of marmotsbeforeany reintroductions
aremade. Haley L ake Ecol ogical Reserveisal soanimportant research areabecauseit supports
oneof thelargest popul ationsof theV ancouver | and marmot and theextensi ve subal pine
meadowsintheHaley Bowl areuniquefor Vancouver Idand. Thesiteprovidesanimportant
baselinefor compari sonwith subal pinehabitatsin other areassuch as StrathconaProvincial Park
and Clayoquot PlateauProvincia Park.
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Werecommend four areasfor additional researchin parksand ecol ogical reserves:
 surveysforbones,

» surveysforlivingmarmots,

» meadow successionandfirehistory, and

* paleobotani cal studiesof longterm climate/vegetationchanges.

Surveysfor bones

Sourcesfor mammal bonesincludefaunal remainsassoci ated archaeol ogical middensand natural
sitessuchascavetrap sitesand carnivoredens. Themost important archaeol ogical sitesfor
documentingthehistoricand prehistoricrangeof theVancouver |dand marmot aresubal pinerock
sheltersor cavesbecausethey are presumedto bein closeproximity toformer marmot colonies.
Giventhat thousandsof potential rocksheltersexistinthesubal pineareasof Vancouver Iand,
systematicinventoriesfor highelevationarchaeol ogical sitesarenot practical . However, in
StrathconaProvincial Park intensivesurveysfor rockshelterscould bedonein someof the
historical marmot sitessuchasGreig Ridge, PhillipsRidge, and the Forbidden Plateau.

Another potential areaistheHaley Lake-GreenMountainarea. Itisnoteworthy that anartifact
(arrow or spear point madefrom chert; RBCM accession#

A 1982-12; DgSc-Y :1) wasfound near theold, upper ski lodge on Green Mountainin June
1980. T he subal pinemeadowsassoci ated with Green and Gemi ni mountainsand theHal ey Bowl
may havebeen atraditional areafor huntingmarmotsandelk. Neverthel ess, noarchaeol ogical
siteswerefound duringapreliminary survey of theHaley L ake-GreenMountainareaJuly 27-28,
1995.

Siteswiththegreatest potential for yielding ancient bonesare cavesassociated with karst
landformsbecausethese environmentsprovideideal bonepreservation. The2600year-old
marmot bonesfromthe Clayoquot Plateau (the ol dest archaeol ogical remainsof theV ancouver
|land marmot), 9400 year-old marmot and 12 200 year-old mountai n goatOreamnos
americanus) bonesrecently foundinacave at Nimpkish Lake (Nagorsen 1995a, 1995b), and
9800 year-old black bear bonesfoundinacavein White Ridge Provincial Park (Nagorsenet al.
1995d) demonstratetheenormouspotential of cavesinkarstlandforms. Several mgjor karst
areasoccur in StrathconaProvincial Park, including MarbleMeadows, that potentially could
support ancient bonedeposits.
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Surveysfor living mar mots

Since 1972, much of StrathconaProvincial Park hasbeeninventoried for marmotsandall sites
with historical col onieshave been searched onthegroundat |east once (Bryant 1993, 1995b).
Somesites, for example, Greig Ridge, areparticularly well inventoried withmorethanfiveground
searchessince1972. Inventoriesin StrathconaProvincial Park should befocused ontherugged
Mariner Mountainarea. Althoughtherehavebeen noreportsof VVancouver [ and marmotsfrom
mountain climberswho occas onally accessthisregion, theremainsof 74 marmotsinMariner

M ountain caveindicatethat thisareamust have supported alarge popul ation of Vancouver Idand
marmots900-1000yearsago. Potential habitat al so existstothe southwest along anextensive
ridgesystemthat extendsfrom Mariner Mountainto Abco Mountain. Schoen L akeProvincial
Park andthe Clayoquot Plateau Provincial Park aretwo areasoutside of StrathconaProvincial
Park where BC Parks inventoriesal so could be concentrated.

Succession in subalpinemeadows

Therapidinvas on by subal pinefir and mountai n heml ock treesinthe subal pinemeadowsof the
Cascade Range and Olympic M ountai nsduring thiscentury isstriking (Fondaand Bliss1969;
Franklinetal. 1971). Extensivemarmot habitat potentially could havebeenbelost asaresult of
forest succession. Anevaluation of tree-ringsandfirehistory would beinval uabletodetermineif
subal pinemeadowsonVancouver Idandarealsobeinglosttotreeinvasion. Ananalysisof the
Haley Bowl-Gemini Mountainareawoul d provideauseful baselinefor assessing habitatsin
Strathconaand Clayoquot Plateau provincial parks. Tree-ring chronol ogy could beusedtotest
Milko's(1984) hypothesi sof recent forest success onat Gemini Mountainand determineif the
meadowsat Haley L akearestable. In StrathconaProvincial Park, meadow succession should be
eval uatedinsiteswherehistorical marmot coloniesareknown (e.g., Greig Ridge, Forbidden
Plateau). InMount Rainier (Franklinetal. 1971) and Olympicnational parks(Schreiner and
Burger 1994), historical photographshavebeen used successfully toreconstruct vegetational
changesinsubal pine-al pinesites. Wesuggest that BC Parkscol lect avail ablehistorical
photographsfrom StrathconaProvincial Park andtheHaley Bowl area.

Paleobotanical studies

Dataonlongterm vegetationand climatic changesareal sorequiredtointerpret VVancouver I and
marmot habitat and rangedeclines. Tree-ring chronol ogiesmay beparticul arly useful for evaluating
climaticfluctuationsduringtheL ittlelce Age (150-700yearsago). Because Smith (1994, 1995)
sampled subal pinehabitats

(1200-1450m), histree-ring researchin StrathconaProvincial Park hasmajor implicationsfor
Vancouver |dland marmot habitat. Weencourage BC Parksto
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support thisimportant work and broaden the sampling toincludetree-ring samplesfromtheHaley
L akeEcological Reserveand prehistoricmarmot sitesin StrathconaProvincial Park (Golden
Hindeand Mariner Mountain) and Clayoquot Plateau Provincial Park.

Any researchonclimatehistory should beintegrated with pollen studiestoreconstruct late
Pleistoceneand Hol oceneenvironments. Duringthe past 12 000years, major climaticand
vegetation changeshaveoccurred onVancouver Idand (Hebda1995). Nonethel ess, most pollen
coresamplesarefrom|ow el evationwetlands. Coresampl esfromrepresentative subal pine
wetlandsin StrathconaProvincial Park, Clayoquot Plateau Provincial Park, andtheHaley Lake
areawould beinvaluablefor interpretinglong termtrendsin marmot habitat.

Managing Cave Bone Sites in Provincial Parks

Cavebonedepositsmay bearchaeol ogical sitesresultingfromaboriginal activitiesor natural
depositsfrom carnivoredensor trap siteswhereanimalshavefallenandbeenkilled. Their agecan
rangefromrecent historical timeto ancient bonesthousandsof yearsold. All of theseremains
havehigh scientificvalueandthey canyieldimportant informationonthepast climate, animal and
human history of apark. Clearly, they areanimportant heritagefeatureof any park. Successful
management of these sitesdependslargely on education of BC Parksstaff and park users. Cave
depositsaremost likely to befound by BC Parksstaff or park users. Many of thesesitesare
locatedinremote, inaccessi bleareasanditisimpossiblefor BC Parksto continuously monitor the
sitesto protect them from human di sturbanceand vandalism. Caveentrancescoul d begated or
sealed but thiswill detract fromthenatural featuresandit contravenesthegeneral philosophy of
BC Parks. Gating also may 'flag' sitesand encouragevandalism. Therearefour important
componentsto managingthesecavesites:

* legal protection,

 documentationandscientificresearch,

» consultation,and

* education.

L egal protection

Any archaeological siteinaprovincial park or recreation areaisprotected under thderitage
Conservation Act and thePark Act (section 13). Additional protection can begivento sitesby
havingthemdesignated asprovincial heritagesites(seesection 6(1)(c) and(2) of thBark Act).



Natural bonesitescan bedeemed of apal eontol ogical natureand protected under theleritage
Conservation Act. However, thereisno precisedefinition of 'pal eontol ogi cal' and di stinguishing
theancient prehistoricfromthehistorical isarbitrary. The 9800 year old black bear and black-
tailed deer bonesfoundin Windy Link Pot Caveon White Ridge (Nagorsenet al. 1995), for
example, aretechnically 'subfossi|s andit may beinappropriatetorefer tothissiteas
paleontological. Y et, thisisanimportant cavedeposit with high scientificvalueandit shouldbe
protected.

Documentation and scientificresear ch

Whenthesesitesarediscovereditisimperativethat they areleft intact and reported to BC Parks
staff. Thefirst stageof documentation shouldinvolveabrief descriptionand mapping of the
locationby BC Parksstaff. Itisessential that sitesarethen eval uated by biologistsand

archaeol ogiststrainedinfaunal analysisandboneidentification. They canidentify thevertebrate
speciesrepresented and thegeneral context of thesite. A qualified archaeol ogistisessential to
assesshuman modification onbonesandthe presenceof artifacts. Somesites(e.g., black-tailed
deer bonesfromarecent carnivorekill) may requirelittlemorethan documentation. Other sites
(e.g., caveswithVVancouver |dand marmot remainsor potentially ancient bones) haveenormous
scientific valueandthey may warrant extensiveresearch. Somematerial may havetobe
temporarily removedfromthesitefor examination. A research permit will bedrawnupwith
researchersand BC Parkstoformalize schedul esand research conditions.

Consaultation

Aboriginal groupsshouldbeinformed by BC Parksof any archaeol ogical sites. Management and
research plansfor these sitesshoul d bediscussed in consultationwith theappropriateaboriginal
groups. If they arerecorded ontheProvincial Archaeol ogical Sitesinventory, thenapolicy may
havetobedevel opedtocontrol accesstothisinformation.

BC Parksshould maintaincloselinkswiththeVancouver | and cavingcommunity. Caversplayed
amajor roleinrecoveringmammal bonesfromthe Clayoquot Plateau site, theWhiteRidge, and
theNimpkish L akecave. Alsothecavingcommunity may assi stinthemanagement of sensitive
cavesites.

Bothaboriginal groupsandthecaving community couldassi st BC Parksindevel oping appropriate
educational programs.
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Education

Werecommendtraining programssuch asworkshopsfor backcountry rangersworkingin
StrathconaProvincia Park tofamiliarize BC Parksstaff with cavesandfaunal remainsand
increasetheir awarenessof the sengitivity and significanceof thesesites.

Public educationisalsoessential. However, any educational programwill beafinebalance
between discouraging park visitorsto searchfor cavebonesyet ensuring that any fortuitous
discoveriesarereported and not disturbed. General information (without giving specificlocations)
onthenatureand sensitivity of thesesitescoul d be provided on signagel ocated at park entrance
areasor trailheads. Information could also begivenin BC Parksbrochuresandinterpretation
programs.
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Appendix 1. Age of black-tailed deer mandibles and maxillae from
Mariner Mountain sSite

Element Side Age
Mandible Left 2years
Mandible Right 2years
Mandible Left 2.5years
Mandible Right 2.5years
Mandible Right 3years
Maxilla Left 2years
Maxilla Left 2.5years
Maxilla Right 2.5years




Appendix 2. Representation of Vancouver Idand marmot skeletal parts
in four archaeological sites

Clayoquot Mariner Limestone Golden

Element Pateau Mountain Mountain Hinde
Cranium

completeskulls 112 58 3 0

mandibles 24 149 74 8

other pieces 39 129 50 6

isolatedteeth 6 10 64 7
Vertebra 0 2 19 17
Rib 3 170 358 20
Clavicle 11 17 56 1
Scapula 23 91 66 2
Innominate 6 89 74 12
Humerus 33 113 73 5
Radius 23 78 95 4
Ulna 19 85 97 3
Metacarpus 24 0 2 0
Carpus 4 0 1 0
Femur 28 101 0 2
Tibia 30 103 106 6
Fibula 20 29 36 3
Longbonefragments 3 2 18 5
Metatarsus 29 6 34 0
Tarsus 2 0 0 0
Calcaneum 9 0 3 0
Adragaus 7 0 2 0
Phalanges 33 0 9 0

a

Countsarenumber of individual specimens(NISP).
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Appendix 3. Representation of black bear (Bb), marten (Ma), red
squirrel (Rs), and black-tailed deer (Btd) skeletal partsin
the Mariner Mountain and Limestone Mountain sites

Mariner Mountain LimestoneMountain
Element Bb Ma Rs Btd Bb Ma Rs Btd
Cranium
completeskull (02 0 0 0 0 0 0 0
mandible 7 0 0 3 1 0 0
other pieces 15 0 0 15 0 0 0 0
isolated teeth 15 0 0 10 3 0 0 0
antler - - - 0 - - - 2
Vertebra
atlas 0 0 0 3 0 0 0 0
axis 0 0 0 5 0 0 0 0
cervical 0 0 0 15 0 0 0 7
thoracic 0 0 0 2 0 0 0 3
lumbar 0 0 0 2 0 0 0 1
sacral 0 0 0 6 0 0 0 0
caudal 0 0 0 0 0 0 0 0
unidentified 0 0 0 2 1 0 0 14
Rib 0 0 0 ) 2 0 0 31
Scapula 7 0 0 13 1 2 0
Innominate 4 0 0 8 0 0 0
Humerus 3 1 0 17 1 0 1 5
Radiusand Ulna 6 1 0 21 2 0 0 10
Carpus and Metacarpus 13 0 0 3 2 0 0 5
Femur 2 0 0 21 0 3 0 2
Tibia 1 0 0 28 0 0 0 0
L ong bone fragments 0 0 0 28 1 0 0 2
Tarsus and Metatarsus 0 0 0 13 7 0 0 4
Calcaneum 2 0 0 10 0 0 0 0
Astragalus 0 0 0 1 0 0 0 0
Phalanges 6 0 0 13 2 0 0 10

& Countsare number of identified specimens(NISP).
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