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Abstract

Fossilized fecal pellets of termites are found in pine wood
preserved in the Pleistocene Carpinteria asphalt deposits, Banta
Barbara County, California. 3Both pellets and wood are thoroughly
impregnated by tar. This material is associated with characteristic
plant remains found in the Carpinteria asphalt. The pellets resemble
in sige and shape those of the modern termites, Xalotermes minor and

Zootermopsis angusticollis or Z. nevadensis. The distribtution of

these species today imcludes the Monterey peninsula. Here a living
Monterey forest assemdlage of plants closely resembles that which
existed in and about the Carpihteria asphalt acownmlation during the

Pleistocene,
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Evidence of Termites in the Pleistocene Agphalt
of Carpinteria, California

by
John F. Iance

Introduction and Acknowledgments

Termites are among the most primitive of living insects, and
they are well-known as fossils from the Tertiary, particularly in
the 0ld World. In the Western Hemisphere, fossil termites are found
in the Zocene of Tennessee (Collins, 1925), and in the Miocene shales
of Florissant, Oolorado (Scudder, S., 1883; Cockerell, T.D.A., 1913;
Snyder, T.E., 1925), while fossilized fecal pellets were described
by Rogers (1928; 1938) from the Pliocene of California and by
Iight (1930) from the Pleistocene of Florida.

In the summer of 19456 the writer found numerous fecal pellets
of termites on pleces of wood preserved in the Pleistocens asphalt
deposits at the Higgins ranch near Carpinteria, Santa Barbara
County, California. The wood was found in assoolation with typieal



plant remains comprising a part of the Pleistocena Carpinteria
flora as described by Chaney and Mason (1933).

Before commercial exploitation of the asphalt deposits was
abandoned, the excavation mear Carpinteria had been aixla.rged to form
a pit approximately 600 feet long and 300 feet wide. The termite
remains were taken from the eastern edge of the present pit, east
of the original fossil localities, and near the top of the Pleisto-
cene horizon. The stratigraphic difference Detween the two locali-~
tles is less than 10 feet. Although the excavated Pleistocene floral
remains were rather sparsely represented, no vertebrate fossils
have been discovered by any recent digzging in this section of the
pit. ‘

The writer wishes to aéknmvlodge his dedbt to Dr. Chester Stock
for guidance and helpful interest in the work. Thanks are also
expressed to Dr. W. D. Plerce for loan of comparative material, and
to Professor G. F. Beck of the Central Washington College of Educa-
tion for his study of the wood. Mr. R. von Huene assisted in making
the photamicrographs.

Tossil Termites
Termitos arz beliesved to have been derived from the Proto-

blattidae, a Pennsylvanian and Permian group believed to be alse
ancestral to the Blattidas, or roachss., According to Wheeler (1923),



termites probably reached a complete social and structural develop-
ment in late Cretaceous or early Tertiary, However, no temmite
fossils are knowa from earlier than the lewer Tertiary. A temmite
was reported by Collins (1925) from the lower Eocens of Tennessee,
and a middle Eocens termite has been described by Cockerell (1916)
from Burmese amber. Eocens and QOligocene termites have been des-
eribed from England and East Prussia, being foumd in the latter
loGality preserved in Baltic amber. Ths inseots sre kmown from

the Miocens of many parks of Burtpe and from the Miocene shales

of Florissant, Colerado,

No fossil termites have Been reported from ths Pliocens, Wt
Rogers (1928; 1938) has recorded termite fecal pellets replaced
by opal in the Fliocene of California. The Ploltfcmo Zum oopal
of Afriea has ylelded termites, and Light has described an occur-
rence of fossilized fecal pellets of a termite from the Pleisto-
cone Seminole beds of Florida. These pellets have been shown to be
probably related to the gemus Kalotermes, very likely to K.
schwarsi, a form now occurring in the same area,

Although there have been revorts of termites from at least four
localities in the Western Hemisphere, the Florissant bdeds remain
the only major occurrence. The Tocene termite from Tennesses was
descridbed from 2 single wing imprint, This was identified as of the

genus Mastotermes, which includes the most primitive known termites,
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living or fossil. One specles of the genus is now found in Aus-
tralia, The opalized pellets descrided by Rogers, from Santa
Barbara County, California, were originally thought to be an example
of opal pssudomorphous after quarts, tut a close examingtion shows
the unmistakable characteristics of termite pellests,

Nature and Ogourrence of Material

Before deseribing the fossil pellets, the distinctive char-‘
acteristies of moderm termite pellets should be noted. These pellets
are the excreta of gertain kinds of tsrmites, notally the so-called
damp=-wood and dyy-wood types. The rectum in these tormites im so
constructed that the pellet is extruded with a chamseteristic ovate
shape, impressed with six flat or rounded sides which are separated
by double longitudinal ridges divided by narrow grooves (Child, E. J.
in Kofold, C.A., pp. 33-83, 1934). The goimral appearanas is thms
roughly that of a hexagonal prism with rounded ends, sometimes
slightly more pointed at one end. The exast shape of a pelles
depends upon the typs of termite and its diet, partiotlarly with
regard to moisture scontens, The pellets of dry-wood termites tend
t0 bs smaller and more characteristically impressed than those of
the damp-wood termites, the pellets of the latter oftem being chapeless
or rounded (Castle, G.B., in Kofold, C.A., pp. 264-282, 1934).
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If the termite is living in relatively damp wood, the pellets
often tend to cling at random to the sides of runways, btut in
drier wood they fall and collect at the bottomsof chambers, or are
carried to the exterior.

Cockroaches and certain kinds of beetles (Van Dyke, E. C., in
Kofoid, C.A., pp. 323-335, 1934), particularly the Anobiid beetles
or death watehes, produce pellets which have superficial resemblance
to those of termites., BHowever, in each instance the pellets may be
distinzuished from those of termites by their longer and marrower
dimensions and by a lack of the charasteristic impressed shape.

The foesil pellets were fourd on pleces of tar-impregnated
wood associated with florzl remains typical of the Carpinteria
deposits. Most of the pieces of wood are small chips =nd parts of
branchei. averacing not more than four or five inches in length,
but one root four feet long was found to have pellets distributed
throughout. This root was imbedded in two sides of a block of
asphaltic sand which had been torn loose by power shevels used in
former excavations. Although this block was not in place, the
smaller fragments are from excavations in which they were closely
assoclated with Pleistocene pine cones, pins needles, and seeds,

No vertebrate remains were found, and the plant materials are by no
means 80 abundant ai those in the pits from which the original Carpinteria



flora and fauna were described.

Ssmples of the termite infested wood were sent to Profecsor George
F. Beck who very kindly consented to examine them, Professor Beck
states (lettor to C. Stock, dated Jamuary 30, 1948) that the specimens
reprosent the genus Pimus.

The termite pellets occur as gramlar masses adhering to tb.ev wood.
In many cases, these masscs fill oxr partially £111 what were obviously
0ld runways and chambers of a termite colony. The fossil pellets
fall into two groups, and apparently represent a danp-wood termite
and a dry-wood one. The demp-wood pellets are larger, averaging
aboud 1.6 mm. in length, The more regularly-fommed dry-wood pellets
average about .9 mm. in length osnd are more likely to have one end
slightly pointed. Chambers and runways of the old cclenies can be
clearly seen in several pileces of the wood.

A peguliay feature of the foss!.ly ocourrence is shown in Flate
It can be seen that the two distinct types of pellets are intimately
assoclated on the same plece of wood. This 4is umusual, since termites
of different colonies of even the same gpecies do not mingle. However,
termites of different species and genera have deen foumd existing in
the same stump or plece of wood in places where their geogrephic
ranges overlap (T4ght, S.P., in Fofoild, C.A., DPp. 201=207, 1934),
It scems prodbable that in this case the two types of termites inhabited
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the same plece of wood, perhops simultaneously, and that eventually
one colony invoded certain chambers adandoned by the other colomy.

As Light has pointed out, little had been done in making specifiec
determinations of termitecs from their pellets. Howewer, on the dasis
of sige and shape it seems likely thot the Pleistocene termites
found at Carpinteria are the typileal West Coast genera of dry-wood
and damp-wood termites, Kalotermes minor and Zootermopsis, reepectively,
The damp-wood pellets suggest either Z. ‘wn’cig 1lis or Z. nevadensis,
more probably the latter, because of its smaller size.

The ecological eonditions of the Carpinteria region in Pleistocene
time, which are regarded as havigg been similar to those now existing
on the Monterey Peninsula in Monterey County, California, give some
support to thp'se tentative determinations. The three species of ter-
mites named above all occur at present in the Montersy arsa. In faot,
elthough California has at least 1P lmown specles of termites, only 4
are found in the coastel and moist mountein regions (Iight, 5.F., in
Kofoid, C.A., pp. 118-126, 1934)., In addition to the three mentioned,
Reticulltermes hesperus, called the Western sudberransan termite,

does not leave the typical impressed fecal pellets.

Carpinteria Pleistocene Assembloages

A preliminary report on the Carpinteris foseil material was made in



1927 by Hoffman, Stock, Miller, Chaney, and Mason. Since that time
variois authors have discussed the flora and fauna in greater detail,
A. H. Miller, (1932), L. H. Miller (1931), and I.S. DeMay (1941) have
ddscrided the bird 1ife, Wilson (1941) the mammels, Chaney and Mason
(1933) the plant life, and Grant and Strong (1934) have written on
the invertebrate fauna. In a chapter in the paper on the flora, Ima
Webber discussed the wood from the deposits. Putnam (1942), in a
paper on the gaomorpholog} of the Ventura region considered the
geologic and physlographic features of the acoumulation.

According to Chaney and Mason, most of the flora grew on a
coastal slope, and a large proportion of the remains was brought to
the site of accumulation by running water and impregnated by an asphal-
tic deposition. This conclusion is based on the water~-worn fharacter
of much of the material, particularly chips of wood, and on the evidence
of fungus decay shbwn by more than half of the wood, which decay would
not have set in had the plant remains fallen directly into a tar pool.
Furthermore, plants are preserved. in nearby sediments of the Carpinteria
formation where there has been no impregnation by tar and, alse, a
greater variety of species is represented than would be expected to
be growing in vtha immediate vicinity of the accumulation. The occurrence
of vater-wofn chips of redwood and Douglas fir, to the exclusion of twigs
and cones of these poQiOl. suggests transportation from some disgtance
away, as does the appearance of floral elements in the collection charac-
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teristic: of = dry, inner coastal region. These semi-arid elements

include a few remains referable to the digger pine, California Jjuniper,
and Arctostaphylus glauca. A large representation of additional types
of mangani tas, now associated with the Monterey pine forests, suggests
that a heavy growth of underbrush existed with the Carpinteria forest,

Chaney and Mason (1930) made the suggestion that in Pleistocene
time a peninsula, which inecluded the area now represented by Santa Cruz
Island, extended westward from the California mainland, partly enclosing
an embayment. What is now the Carpinteria area occurred near its head.
Plelstocene plant remains have been uncovered on Santa Cruz Island and
the evidence points to the faet that remains of Douglas fir and Santa
Crus pine foumd in the Carpinteria asphalt did not grow at that locality,
but were transported there either along the peninsula or ascross the
embayment. 'nw view 18 also advanced that the redwood specimens were
brought down from the north by off-shore currents. This would indicate
that the site of deposition was nearer the seashore than is suggested by
the sparsity of aquatic birds in the avifauna.

The wood in the Carpinteria deposit was reported by Webber in a
chapter in the paper on the flora. A total of 5,499 specimens of wood
from the asphalt were examined (Chaney and Mason, 1933), Most of these
were pleces of trunks or branches less than 2 inches in diameter, or were

small fragments termed "ghips". The water-worm character of many of the
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specimens and the high percentage of fungus decay indisated that deposi-
tion was probably in alluvium that was later impregnated by tar. No
evidence of %termite infestation was reported in any of the wood.

From his study of the Carpinteria Pleistocenc mammalian fauna,

Wilson (1933) oomcluded that, although the presence of the shrew, chip-
munk, and tree squirrel substantiates the sylvan enviromment at the site
of deposition as inferred from the flora and avifauna, the appearance

of the kamgaroo-rat, horse, bison and Camelops, which normally live

11; more open country and in a semi-arid climate, suggests that the accum-
lation occurred near the edge of a forest and that there was a fluctuation
in tree and plant cover during the time of entraspment., Wilsen further
states that the preponderance of juvenile to sub-adult individuals suggests
thelr great susceptibility to entombment in a tar trap, and the possidil-
ity that the trap operated in an area #hich afforded tree and shrub

cover to young individuals. He regards the age of the fauma as not

older than Rancho la Brea, and possidly younger,.

The consensus as to age of the Carpinteria fauna and flora is that
they are approximately equivalent to Rancho la Brea and McKittrieck, being
possibly slightly younger than the former and slightly older than the
latter. The tar pools were probabdly situated mear the edge of a forest
of Monterey pine, with heavy umderbrush, and with adjacent patches of

open grasslands. The site of deposition was on a coastal plain, Wt



nearness to a shore line 1s not expressed by any noticeable strand
influence on the composition of the fauna. Ths climate was colder
and more humid than that existing in the viciniiy of Carpinteria
today. The apparent discrepancies as to mode of accumalation have
been discussed by Putnam (1942)., The water-worn character of many
of the plant remains as well as the diversity of plant types indicate
transportation from 2 distance of some of the materials. ILzck of
evidence of attrition in most of the bones of the. ocollection and the
high percentage of predatory forms and of younz individuals suggest
a typical asphalt seep entrapment., According $o Putnam, tar seeps
are now operating as traps in the Upper Qjal valley, and the acoumm-
lations are beinz enriched from time to time material transported
to them by ssasonal floods. Similar conditions might well explain the
seeming paradex at Carpinteria.

Termites in the Californian Area

Although at leas$ 19 species of temites are mown in California,
only 4 of thage constitute the fauna of the coastal and moist mountain

area: Kalotermes minor, Zootermopsis gnsustigollis, Z. nsvadensis, and
Retioulitermes hesperus (Iight, S.F., in Kofoid, C.A., pp. 118~126,

1934). Since R. hesperus is a subterranean termite and does not leave
impressed pellets, 1t will not be considered here, although it is of
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major economic importance,

Izlotermes minor, the common dry-wood termite, has the greatest
kmown range of American wood-dwelling termites, It i3 found in Cali-
fornia in a narrovw zone along $he coast. ZHExcept for the fog belt of
the San Francisco reglon, 1t extends as far north as Mendicino county.
Although it does not thrive on moist wood, and cannot long exist in
deceyed wood, it has been found inlabiting the ssme loz with Paraneo-
termes simplicormms, the desert damm-wood termite, and its range over-
lops that of the damp-wood termites, Kalotermes is typically found
"in dead branshes, stubs of living trees, stumps, and ococasionally in
logs, chiefly along streams or in canyons, and along the forest edge."”
(1ight, S.P., in Kofold, C.A., pp. 201~-207, 1934).

Zogtermonsis anausticollls is confined to Western North America,
and is the largest Pacific Coast termite as well as the most primitive
Rearciis type. I$ requires much moisture, and is the more sommon damp
wood termite in the more lumid coastal areas, with a known range from
Victoria, B. C. to the Mexican border. Z, angusticollis usually locates
its colonies in damp, often deeaying wood, and is frequently found in
wood buried in or lying on the ground. (Castle, G.B., in Xofold, C.A.,
pp. 264-282, 1934),

2. noyadensis 19 less well-lnown than 2. angusticollis, but is
sinilsr, with only a few notable differences. It is smaller, and its

rangé is more restricted; it is the more common damp wood termite in



cooler, drier, higher areas, and ranges from Vancouver Island to
central California, and eastward to Montana. On the coast, its range
extends as far south as the northemm part of Monterey county. 2.
nevadensis is forest-dwelling, primarily of the transitional zone.

Summary

Two types of fossil pellets found in pine wood in the Pleistocene
Carpinteria asphalt resemble closely those of Kalotermes minor and
Zootermopsis angusticollis or Z. nevadensis. Distribution of these
termites at the present time includes the Monterey peninsula on which
is found a Monterey forest assemblage like that which oocurred at
Carpinterie during the Pleistocens, It thus sppears safe to assume
that the fossil material represents termites which inhabited both
damp-wood and dry-wood. This is in accord with evidence that varied
ecological conditions existed during the accumulation of the Carpinteria
flora and fauna,

It is worth smphasizing that no wood infestation by termites was
noted among mors than 5000 specimens examined in the eollections previously
obtained at Carpinteria. It seems likely that termites inhabited some of
the pine wood after it was washed domn from higher inland slopes and
scattered in Vths vieinity of the tar pits, and thé.t petroliferous impregna-

tion occurred later,
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