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Abstract
\Vrshington s \'e(cbrute fossilfecordi\ so sparse thate!en, discover] desenes carcful scnrtiny. AfossilizcdturlecaraDace tbund
in 1960 in f luv iat i lc  sard stone of  the ChLrckanut Formai ion of  wcnem Whatcom Counly $ a,  ,  , f ig  in i  |  1 idtnr i t r r i l .6ai l lcmher u1
the Tesludinoidea supedrmil). and an adjrcent bone fragmcnt was considered tobceridence ofsome largeranimal. Rc cianina-
tlon indicalcs (har the cafapace rcpreserls a member of thc Trionychidae (soft shclled tufiles). Compulerired axial tomogmphv
\Lrggests thal the neafb) bone probably came from $c tu e. Trionychid fossils are abrndant in carl] Tefiiary rocks. bul rheir
remarns Ia!c nol been found in younger rocks in ihe north$en resion. The only cxranr trionychid found west of rhe MississipDi
is ./l'i.,ir r \prlrl,rJ'ur. which inhabits small areas of eastem Montana and the Colorado Rivef fe8inn ot rh( "ourh$e\r. t'hr\rurrrrr-
llon in geographic range probablt resulted li|)lr global cooling lhar surted in the latc Eocene, and by habiut destruction causcd
b,"- episodes of nrounlain building ihat began a lc$ million years larcr.

Introduction

The faunal record from the early Tcftiary is sparse
evcn though extensive sedimentary deposits liom
this period are exposed on both sides of the Cas-
cade Range. These beds of shale, siltstone. sand-
stone, conglomerate, and coal were deposited by
meandering d!e$ that flowed westward across
thc broad lloodplain that covered much of west-
em and central Washington prior to the uplift of
the North Cascades. Of these deposirs, the 6,000
nr thick Chuckanut Formation has reccived the
lrrosl attention trom geoscientists (Pabst 1968;
Johnson 198.1 ;  Mus loc  1993;  Musroe and
Gannaway 1997). Plant remains are abundant in
Chuckanut strata and animals are represented by
a varictv oftracks. The only vedebrate body los-
sils that ha\e been fbund are the impression of
the interior surface of the carapace of a tu le and
r nearby bone fragrnent (Figures l.2).

The l8 x l3 x 7 cm spccimen was collected in
1960 during construction excavations south of
BelJingham at Clark Point (T 37 N. R 2 E. SW
comcr Sec 13) but recognition of the fossil as a
turtle campace did not occur until two declrdes
later when a visiting geologist noticed the rock
at the Clark family home (Guthrie 1981). Bed-
rock at Clark Point consists of arkosic sandstone
ol the Padden Stratigmphic Menber, the young-
est subunit ofthe Chuckanut Formation. Johnson
( 1984) and Mustoe aod Gannaway (1997) pre
sentcd conllicting interpretations for the stratig-

raphy ofthe Padden Menlber. but its age is prob
ably late Eocene based on stmctural relationships
and paleoclimatic evidence. Mustoe and Pevear
(1983) described the poorly-preserved carapace
as a member of the Superfamily Testudinoidea, a
large group that includes pond turtles and land
tortoises. They guessed that bone fragment ex-
posed in cross-section view on one side of the
specimen was part ofa rib bone from some larger
animal. Because turtles havc ribs that are fused
to the adj acent bony carapace layer. this bone was
presumed to havg come either fiom bones of a
land-dwelling mammal that were washed into the
fluvial sediments. or to be skeletal rernains front
an aquatic reptile. The latter possibiliry is con
sistent with discoveries offossil crocodiles in the
Green River Forrration of Wyoming (Grande
198,+), correlative in age to the Chuckanut For-
nlation. Because the fossil was softer than the
enclosing matrix, the decision was made not to
attempt to reveal the bone by mechanical exca
vation for fear of destroying the specimen. In 1996
geology student S. P Girouard. Jr, re-eramined
the specimen and decided that both of Mustoe
rn t l  Perear ' .  t l98 . l t  in te rpre tc t ion \  uere  incor -
rect. This paper presents his findings.

Anatomica Features of the Carapace

Although theimpression ofthe carapace presen es
relatively tew anatomical details, sevcrll char
acteristics suggest that the spccimen represcnts
a mcmber of the Superfamily Trionychidae
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Figure L Chuckanut tuftle fossil. showlng inrprcssion ol lenlral surface of carapace. Broad corrugalions repre-
scnt iusing of thc ribs to iblm a conrinuous bon) la,ver. These corrugalions meet :rt a midline axis rhat
represeDts erodcd ncural arches oi lhe lerlebfal column. Scale bar = ! cn. Photos used fbr figs. I & 2
ha\'e been reversed from rjght to lcli 1() a]lo$ easier comparison $,ith the radiograph in lig. 6.

Figure 2.  Srde ! ie\ i  ofspecinren.  wi th bone f ragnren!  arkcdbvinowlsamescaleasFigurel) .
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Figure 3. Iniernal!ie\| oft\\'o t)pes of carapace architecrurc. Lcflr T.a.renr5 r.rrr1rr. showing the dng ofperipheral plates thal
sunoundthe uppef shellin rll runles ercept liony chids. Righti /-ir-re,r_!r/,rddra . aoion,vchid. Adapted liom Me)lan
d9l i7) .

laginous nrtrgin typically comprises approximately
one half of the total carapace leDgth. In many
species the distal ends of the ribs project beyond
the perimeter of the central bony disk, but other
trionychids lack these projections (Meylan, 1987).
An important distinguishing characteristic of
trionychids is thc absence ol epidermal plates
(scutes). Instead, the shell 's external surtace is
covered with leathery skin (Figure 5). This ab-
sence of homy scutes is shared only by the huge
leatherback sea tunlcs, Family Demochelyidae
(Emst et al. 1994).

Figure,1. Fossil soli shclled turtle 7'il)lirf ,r? rrtlnrnrs fron
Eoccnc shalc at N{essel. German}. sho\\ing dorsal
!iew ofcarapacc. Thc bump! lerrure ofthe dorsal
su ace helps thebon) plalesprovide astrong s b-
st|:lle ibr the overlling ]calhcry carapace. as illus-
In,r rJ In Fi ;Lr< 5.  Th( ( -hu. l 'enur .nc\  -en.  f
pears quite dillerenl liom cilhcr of these figures
becluse the lbssil sholvs rhc \ cnlral suriace. Photo
courlcsy oi Scnckcnbcrg Museum. Frankfurt.

(sofi-shelled tuftlcs). Other turtles have carapaces
thal have dgid margirs composed of20 to 22 bony
plates. but triorychjds have flexible margins and
lack peripheral bones (Figures 3,4). The carti '

Figurc 5. The livnrg lrbr]I spi/rildrr (Easrem Spiny Soit
shell) sho$,s the leathef) carapace sudace charac'
teristic of members of the Trionichidae. Photo b)
Fl .1. Obsr.
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Possibly the Chuckanut fbssil represents an
incomplete carapace where periphelal bones were
cither disarticulated prior to fossilization, or de-
stroyed later by erosion. A ntore likely interpre-
talion is that the absence ofthese marginal plates
is evidencc that the fossil is from a trionychid.
Be. ru .e  thc  \ f \ c r  imen pre .er re \  rn  i rnpre .s ion
lefl by the interior surtace of the carapace. it is
not possible to determine the nature of the origi-
nal outer surface. However, a partially preserved
layer of mineralized bone bears no trace of im-
pressions (sulci) that comrnonly fbrm along seams
betu'een adjacent scutes. The shallow convex
corrugated exterior sulface bears a strong resem
blance to shell shapes ofextant species of lrloa_rx
and its kin. though some other types of turtles
have sinilar contours.

The l2 cm length of the Chuckanut fossil is
small compared to carapacc lengths ofmostmodem
and tbssil trionychids. LiLrge extant members have
bony disks that excecd 50 cm, and for most spe,
cles the adults have carapacial disk lengths of 20-
30 cm. Of 23 l iving species, only five have disks
less than 20 cm (Meylan 1987). The Chuckanut
specimgn may represent an unusually small vari-
ety, but it may also be remains of a juvenile be-
causc in contrast to many other types of turtles.

among trionychids carapace shape remains rela
tively constant during growrh.

Ev dence f rorn Computerized Axia
Tomography

Thc sandstone block also preserles a tbssil bone
visible in cross section as a flattened asymmetric
26 x 6 mm oval, compdsed of a 0.5 mm thick
cofiical layer sur:rounding a porous ccntral zone
(Figure 2). ln May, 1996 a computerized axial
tomography analysis of the specimen was per-
formed using a General Elecrric Model 9800 CT
scanner. The value ofCT technology for the study
of vertebrate fbssils was first demonstrated by
Conroy and Vannier (198.1), and the technique
was quickly adopted by veflcbrate paleontologists
(for a detailed oven,iew see Clark and Morrison
1994). The Chuckanut specimen was subiected
to 18 scans on the coronal (anterior to posterior)
and sagittal (nredial to lareral) planes, usually at
an inteNal of 3 n]m between successivc scans and
at an accelenting voltage of 120 KV ar 100-170
MA and a scan rate of 37.5 mm/s. Because ofthe
density of the matrix the scan images arc some-
what indistinct, butrcsolution is sufficient to show
the generai shape and dimensions of the hidden
bone fragment (Figure 6).

Figure 6. Tracings m.tde fioln five CT scans show successive cross section vie\\'s ofboDe fragmen! that exrends approximately
l0 mm irlo lhe sandslone matrix Photo shows actual CT scan image al 12 nm deprh. with included bone marked by
affow. The undulating surfacc al lhe top ofthe siab represents the carapace impfession. The size and flarcned shape
suggcst that the bone is probably either a fragnrcn! oLplastron or intemal skeleton.
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Figure L Sketches ollrionychid rhell architectlrre. shown in \,ennal \ie\l\.,Adapted iiom \{eylan (1987). Lcll: Trio \rJ(t?r.
Right I air.l (Drt r p&r.trd .

The preserved ponion of the bone is a thin.
'ub t r iangu lar  s t ruc tu re  lhu l  e \ lend.  lo r  appror i -
mately 30 mm into the matrix. Although an asym-
metric flattengd oval crcss-section can be obseryed
at its exposure at the surface ofthe slab. the bone
ha: r compres.ed trapezoidrl crors reetiun nerr
the apex. Mustoe and Pevear (1983) assuned the
exposed cross-section reprcsented a rib bone tiom
a laLrger anirnal. a diagnosis that is contradicted
by the radiographic images. Instead, the bone is
probably a fragment ol the plastron (Figure 7) or
fragment from the pelvis or shoulder girdle (Fig-
ure 8). More exact identif ication is impossible
because of thc variations in skeletal architecture
found among different trjonychid genera and the
lack of resolution ofthe CT scans. The geometry
of plastron shou's much variation among extant
species, but all trionychids have flattened plate-
like plastral elements whose size relative to the
carapace falls within the dimensional ratios ofthe
Chuckanut specimen. However. pelvic girdle and
shoulder bones also havc elements that could be
broken to produce the object shown in the CT
scans. Although we can not disprove the possl-
bility that the bone tiagment reprcsents some other
animal, the simplest explanation is that both parts
of the fossil are from a single tudle.

Figure E. 1nlemal architecture of lrior_! r grrgetl.,! (Gange,i
Sofishell). wiih lolver \hell (plastfon) removed to
sho$ ventral vie\i ofcanpacial bones, lnnb bones.
and intemal skeletal elements.
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Discussion

Menrbers of the Trionichidae include 22 cxtant
fbrms and approxinrately 230 fossil species that
date back to the late Mesozoic. Nearly all of the
extinct members have been placed in thc genus
Irioz_rr, creating a taxonomic wastebasket that
includes many fossils that lack an;itornical fea
tures found in l iving members of thc genus
(Gaffney 1979). Phylogeneticrclationshipsamong
modern trionychids arc not well understood, and
inpofiant taxonomic issues remain unresolved.
Meylan ( 1987) used cladistic analysis to divide
7)-i.rr)r into nine genera, a revision that is not
universally acceptcd (e.g., Webb 1990). Forthese
reasons \r 'e have not classified the Chuckanut
specimen at thc genus level.

Trionychids prcsentJy live in North America.
Africa, Asia, and the Indo-Australian archipelago.
Fossil forms indicate their rangc once included
South America and Europe as well. Three spe-
cies presently l ive in North America. Irioar,-r
,xrclich (smooLh softshell) inhabits thc Missis-
sippi Valley region. Z .rl7hy'alrs (spiny softshell)
dwells in a large area of the ccntral and south-
eastem U.S. as well as small aleas of Vermont.
eastern Montana. and the Colorado River drain-
age of the south$,est. I /er4r (Florida softshell.)
occurs only in Florida and border area of adja-
ccnt states (Emst et al. 1994). Modern trionychids
dwell in aquatic environnents that range from
swamps and marshes to rivers atd lakes. They
are predators that consume snails. insects. cray-
fish, srrall f ish, and frogs. depcnding to a lesser
extent on scavenglng and consumption ofaquatic
plants. Anlong turtles they are some of the last
est swimmers (Webb 1962). and their unique shell
,Lrchitecture allows theln to make rapid predatory
strikes against fish and other su, inrming prey. The
flexiblc carapaciaLl margin makcs trionvchids well
adapted for muddy environments. and thel use
undulating molions ofthe shell 's edge to dig into
the bottom sedinlcnt tbr protection (Emst et al.
199:l). Trionychids typically have elongated nccks
and long pointed snouts. teatures that allow them
to rcmain concealedin mud. strike at prey or reach
to the surface to breath.

The geographic range oftrionychids included
much of the westem U.S. during the early Tcr-
tiary. An unidentified trionychid is the most com-
mon turtle in the Eocenc Green Rivel Formation
of Wvoming (Grande 1984), and shell fossils are
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so conlmon in the nearby Eocene Bridgcr For-
mation that a pioneer vcftebrate paleontologist
declarcd 'Trionychidae ran riot" (Hay, 190tt. p.
39). Rich ct al. ( 1996, p. 424) reported thar "bro-

ken bones of Teni;fy soft-shciled turtles are so
comlnon on bare hills ncar the Continental Di-
videof NofihAmerica. in south-central Wyorning.
that they make up a large pafi of the pebbles."

The abscnce ofextant tdonychids in the noflh-
\\"estern U.S. is intriguing. Givcn the abundance
of turtle fossils. why do \\"e not find more evi-
dence ofancestral trionychids? We presently lack
an answer to this question. The early Tertiarv
Chuckanut Formation specimen provides the first
evidence of Trionychid tuft les in Washington. and
members of this supcrtrmily have not been iden
tified tiom younger deposits that contain turtle
tbssils. The extensive senri-tropical f luviati le en-
vironments that produccd the Chuckanut Fornra-
lion and corelative deposits offered favorable
habitats for many types ofaquatic tut1les. Indeed,
fossil turdes. with their durablc and easily recog-
nizable shells, rnake up the majority ofearly Tcr-
trary vetebrate discoveries from mshington. Thc
oldest turtlc renrrins leported f'rom Washington
are from the Middle Eocene Roslyn Fomation.
which has yieided carapaces of the chelydridid
(snapping t\trt|e) Ac h e ro nt e m) s h a c km ani ( H a "-
1902, 1908) and thc derrnatemidid pond turtle
Baptetnys flwidtilis (Wheeler l9-55). Remains of
the giant tofioise Geor:leloirc have bcen tbund in
the Miocene Ellensburg Formation of central
Washington (Fry 1973, Custafson 1978). along
with other unidentif ied tufi les (Warren 19,+1.
Sniley 1963, Bryant 1968). Turtlcs are common
lbssils at another site in centml Washington. the
Iate Pliocene White Bluffs fauna of the Ringold
Formation . Taxa include thc tertoise. Te.rldo sp.
(Meriam and Buwalda 1917. Gusrafson l97U).
Clemm\s nqnnorttaJ. or wcsterl pond turt]e
(Brattstrom and Stum 1959), and rhe painted tudle
Clry.reia,rr sp. (Gustafson 1978). The latc Piiocene
Taunton fauna of the Ringold Fomation has also
yielded a diversc tuftle assemblagc, but unfortu-
nately these spccimens have not been described
in  de ta i l  rMorgrn  rnL l  Morgan 1995r .

Washington's geologic history provides a lbun-
dation for speculating on possible lactors that
shaped the rise and fall ofTrionychid populations.
Beginning in the late Eocene the regional climate
became cooler and drier and lou'land semitropical



rain tbrests were displrced by temperatc vcgcta-
tion. These ecological shifts probably led to pro-
fbund changcs in thc llora and fauna, as evidenced
by the differences that $'e observe today in plants
and aninals fion subtlopical regions and warm
temperate environments. After a prolulged pe-
riod of gcomorphic slabil ity during the early Ter
tiary, flu\ial environmerts were disrupted by the
upliftofthe Noth Casc;rde Rangc and by 30 million
years ago surface processes \\"ere dominated by
erosion rather than dcposition. lncreased volca-
nic activity may have caused fufiher ecological
disruption. Thc scarcity of animal fossils makes
these ancient transitions difficult to reconstruct.
hou'ever. Perhaps trionychids were one of the
organisms that bccame extincl duing the early
Tertiary, but the absence oflate Terliary sedimen-
lary rocks in westem Washington hinders us from
making accuratcjudgncnls. ln any case. repeated
advances of the continental glaciers through the
Puget lowlands during the Pleistocene nlay have
causcd local extinction ofturtles and other aquatic
animals. Although various species ofpond turlles
are abundant in lakcs and rivers in central and
eastem Washington, these populations nray have
been re-established during the last 10,000 yeius
from stocks that inhabited non-glaciatcd rcgions
1() the south and east. The North Cascades pro-
vide a geographic barrier to the migration of turtles
into the northwest pad of the state. Thc present
scarcity of trionychids west of the Mississippi
Valley suggests that the menrbcrs of this family
disappeared much earlier. In this respect they are
renrinisccnt of trccs such as Pl.rturrrJ (sycamorc)
that floudshed in the northwest during the early
Tertiary, but which survive in NonhAmcrica only
in thc castem U.S. Sycanores have been success
full.v re introduced in modern times, and in many
Washington towns they ale one ofthe most com
mon ornamental trees. Likewise, thc Chuckanul
trionychid turtle may be an exanple of an animal
tamily that no longer inhabits thc rcgion because
ofpast gcologic and climatic events, even though
present envilonmental conditions appear to be
hospitable.

Summary

The ventral surface of a turtle calapace preseNed
in sandstone lion the early Tediary Chuckanut
Formation at Bell inghrm. WA probably belongs

to thc Supcrfamily Trionychidac (sofrshclled
turtles). Computerized axial tomography of an
adj acent bone fragment demonstrates that dris fossil
l i kc l l  ro  bc  l  skc lc r r l  rcmnln t  f rom rhc  umc ln  i -
nal. The Chuckanut specimen provides the llrst
evidencc oftrionychids in thc Pacific NorLhwcst.
but fossilized remains of this group are common
in early Tertiary rocks in the northern Rocky
Mountain rcgion. Trionychids have not been found
in younger rocks of western North America, but
other types of turtle fossils are not uncotrmon.
Clim..rt i. irtr l ing th.rl hegan lhe lrle tocene mJ)
have caused a restriction in range for tufiles, and
subsequent mountain building events destroyed
many lowland aquatic cnvironments Rcpeatcd
episodes ofcontinental glaciation during the Pleis-
toccnc probably reduced tunle populations even
funher and topographic barriers hindered the return
of pond dwelling tufiles to their earlier ranges.
Howevet the lateTediary tbssil record fiom central
Washington and the scarcity ofextant trionychids
west of the Mississippi both suggest that this group
disappeared from the northwest long before the
onset of Pleistocene glaciation .
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