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ABSTRACT

At the end of the Cretaceous the principal animals that became extinct, such as
dinosaurs, marine animals that lived in the water column, and benthic filter feeders, were in
food chains tied directly to living plant matter. Animal groups less affected by extinction,
including marine benthic scavengers and deposit feeders, small insectivorous mammals;, and
members of stream communities, were in food chains dependent on dead plant materizl. The
proposal that an asteroid or comet impact at the end of the Cretaceous produced a dust cloud
that cut off photosynthesis for several months is consistent with this pattern of extinction.
Food chains dependent on living plant matter crashed, while food chains based on detritus
were buffered from extinction because there was a food supply adequate for the interval

when photosynthesis was halted.

INTRODUCTION

The hypothesis that an extraterrestrial impact
caused the terminal Cretaceous extinction (Al-
varez et al., 1980) has been tested by the pa-
leontological community primarily by studying
the prediction that such an extinction would be
an abrupt event. The impact hypothesis has
also been countered by construction of alterna-
tive models to explain the extinction events.
One line of paleontologic inquiry that has not
been pursued is to devise and test a mode) of
the ecologic effects that impact-related events
would have on the ecosystem.

The primary global effect proposed for an as-
teroid impact is a dust cloud that cut off sun-
iight and interrupted photosynthesis for several
months, which caused collapse of food chains
(Alvarez et al., 1980; Milne and McKay,
1982). There is substantial agreement that the
dust cloud would have interrupted photosyn-
thesis for three to six months (Toon et al.,
1982; Pollack et al., 1983; Gerstl and Zardecki,
1982). During this interval of darkness, pri-
mary production would have been halted. The
time necessary for refoliation after darkness
would have increased the length of time that
primary production was unavailable to
herbivores.

Given these conditions, an impact model can
be constructed in which animals in food webs
relying upon living plant material would be in
immediate danger because they depend on con-
stant replenishment of the standing crop of
plants. Animals in food webs relying on detri-
tus would be little affected by cessation of pho-
tosynthesis because there would be a substantial
food reservoir that would not be depleted im-
mediately. The death of plants and many
animals might actually have increased the
amount of detritus available.

Although the model requires that plant fo-
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liage and the standing crop of phytoplankton
be killed, it does not presume plant extinctions,
because species could survive as cysts, spores,
and seeds and through regeneration of cefo-
liated plants (Knoll, 1984). Evidence for mas-
sive disruption of marine phytoplanktor. at the
boundary is substantial (Thierstein, 1982). Pal-
ynofloral studies of local sections across the
boundary are consistent with massive defolia-
tion, but not necessarily extinction of the terres-
trial flora (Knoll, 1984; Tschudy et al., 1984).

This impact model may be tested by examin-
ing the hypothesis that the Cretaceous extinc-
tion would be concentrated on animals in food
chains relying on living plant foliage, while
animals in food chains relying on detritus
would face substantially less severe extinction.
After the extinction, communities relying on
detritus would be more common and commu-
nities relying on living plant material would be
less common than before the extinction. The
hypothesis is examined first in marine and then
in terrestrial environments.

MARINE

Marine (Fig. 1A) primary production is
dominated by phytoplankton. In contrast to
terrestrial ecosystems, the Eltonian food pyra-
mid is inverted at any given time, the marine
animal biomass exceeding plant biomass (Fig.
1A). However, rapid turnover and asexial pro-
duction of new plant cells produce a normal
food pyramid over a full year (Tait, 1968). The
small standing crop and short life span of phy-
toplankton make marine ecosystems pa ticu-
larly vulnerable to interruption of sunlight
(Milne and McKay, 1982). Animals in food
chains directly dependent on living phy:oplank-
ton include animals living in the water column
and benthic filter feeders that rely on organisms
living in the water column (Tait, 1968). Detri-

tus-feeding animals that do not rely directly on
living plant matter include benthic invertebrates
such as scavengers and deposit feeders (Gray,
1981).

At the Cretaceous/Tertiary boundary, phy-
toplankton-dependent marine animals living in
the water column were affected drastically by
the extinction. Extinction of planktonic foram-
inifera is correlated closely with the iridium
anomaly (Alvarez et al., 1980; Smit, 1982).
The extinction of ammonites, belemnites, and
marine reptiles correlates well, and marine
bony fishes were reduced significantly (Russell,
1979). Benthic filter feeders, including many
bryozoans, crinoids, corals, articulate brachio-
pods, oysters, and other filter-feeding bivalves,
experienced substantial extinction (Newell,
1967; Van Valen and Sloan, 1977; Russell,
1979; Emiliani et al., 1981; Jablonski and
Bottjer, 1983; Van Valen, 1984; Alvarez et al.,
1984; Hansen et al., 1984). On the other hand,
detritus-based benthos, including bottom-dwell-
ing predators and detritus feeders, experienced
little loss (Van Valen and Sloan, 1977; Van
Valen, 1984). Kauffman (1984) stressed the
survival of generalists and extinction of steno-
topic groups at the K/T boundary, but his
examples (p. 168-176) are strongly biased
toward survival of deposit feeders and extinc-
tion of suspension feeders and animals depend-
ent directly on phytoplankton-based food
chains.

In the Late Cretaceous, both benthic filter-
feeding and deposit-feeding communities were
common in outer-shelf, soft-substrate environ-
ments, but at the beginning of the Tertiary, de-
posit-feeding communities became dominant.
Although not completely eliminated, the outer-
shelf, filter-feeding communities persisted only
locally (Jablonski and Bottjer, 1983).

An adequate field test of this theory requires
a conformable K/T boundary sequence with
well-preserved molluscan faunas and microfau-
nas so that the full range of feeding types, from
suspension-fezders to detritus-feeders and car-
nivore-scavengers, can be compared in terms
of their extinction patterns. The Brazos River,
Texas section is one of the most complete K/T
sequences (it has an iridium anomaly but a
short early Paleocene hiatus) in that it has a full
suite of aragonitic and calcitic molluscs and mi-
crofaunas (Hansen et al., 1984, 1986).

The patterns of extinction revealed in this

GEOLOGY, v. 14, p. 868-870, October 1986


http://geology.gsapubs.org/

Downloaded from geology.gsapubs.org on August 30, 2015

section (Hansen et al., 1984) conform with the
theory that detritus feeding is a buffer to extinc-
tion. Latest Cretaceous molluscan faunas had a
diverse array of life habits, dominated by in-
faunal suspension feeders and including sub-
stantial numbers of epifaunal suspension feed-
ers, infaunal deposit feeders, and infaunal and
nektic carnivores. The microfauna is repre-
sented by a typical Cretaceous planktonic and
benthic foraminiferal assemblage, ostracods,
and nannofossils. The molluscan, planktonic
foraminiferal, and nannofossil communities
crashed (over 95% extinction for planktonic
foraminiferal species; over 90% extinction for
molluscan species) at the K/T boundary,
whereas the ostracods experienced a much less
severe effect, and the benthic foraminifera actu-
ally increased in diversity. Among the molluscs,
suspension feeders had the greatest losses,
whereas at least one species of nuculanid (the
dominant deposit-feeding bivalve family) in-
creased in relative abundance across the
boundary. The molluscan assemblage imme-
diately above the K/T contact is dominated by
deposit-feeding bivalves and benthic carnivo-
rous gastropods. The one common denominator
among most of the disappearing taxa is that
they lived and/or fed in the water column.

TERRESTRIAL

Modern terrestrial food chains (Fig. 1B) de-
pendent on living plant material contain mam-
malian browsers. During the Cretaceous the
position of modern browsing mammals was
held by herbivorous dinosaurs. Food chains
based on detritus feeding include the forest-soil

fauna which may extend vertically well above
the ground (Wallwork, 1976, p. 24). Forest-soil
food chains are based on leaf litter, decaying
wood, roots, branches, and fungi. The soil
fauna includes protozoans, nematodes, annelids,
molluscs, arthropods (including insects but also
crustaceans, myriapods, and arachnids), and
small mammals (Wallwork, 1976; Kuhnelt,
1976). Carnivorous mammals, which are
commonly characterized as being insectivorous,
actually feed on most soil fauna groups, and are
thus in a system that does not rely directly on
living plants.

At the K/T boundary, terrestrial extinctions
were concentrated in animals, particularly di-
nosaurs, in food chains reliant on living plant
material. Survivors, notably many mammals,
were concentrated in detritus-based food
chains.

Among the mammals, eutherians and del-
tatheridians had the least extinction and seem
to have been quite clearly insectivorous (Kie-
lan-Jaworowska et al., 1979a, 1979b). Thus,
the most successful survivors among the mam-
mals may have been buffered from extinction
by belonging to detritus-based food chains.

Unfortunately, feeding methods of the other
groups of latest Cretaceous mammals are much
less certain than for the eutherians and delta-
theridians. Multituberculates survived the Cre-
taceous, although with some extinction (Clem-
ens et al.,, 1981). The multituberculates were
probably primarily herbivorous, or in some
cases omnivorous, according to Clemens and
Kielan-Jaworowska (1979), but Krause (1984)
believed that many small multituberculates
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Figure 1. Simplified Eltonian food pyramids and energy flow in three environments. Diagonal-
rule pattern indicates categories protected from short-term loss of sunlight by detritus buffer-
ing. Categories are assumed to be protected if most input comes from a protected category
below. Relative size of standing crop is represented by size of rectangles. Arrows show direc-
tion of energy pathways. Weight of arrows indicates relative importance of pathways. A: Al-
though standing crop of marine phytoplankton is small (small producer rectangle), rapid turn-
over results in high annual production. Carnivores dependent primarily on detritus feeders may
have been protected. B: Dinosaurs occupied herbivore category and large-body-size section
of carnivore category. Many mammals were small-body-size members of carnivore category,
and those dependent on detritus feeders as prey were protected. C: Primary production is
small in streams, and most food for animals is supplied from land. Most members of this com-

munity were protected.
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were typically insectivorous and less herbivo-
rous than previously thought. The latest Cre-
taceous marsupials included only four genera.
The only surviving genus was probably an om-
nivore, and the feeding methods of the three
genera that became extinct are speculative but
may have included an herbivore, an omnivore,
and a genus specialized in shell crushing (Clem-
ens, 1979).

Thus, mammalian groups that retained prim-
itive insectivorous dentitions and presumably
were in detritus-buffered systems survived the
extinction. Mammalian extinctions were con-
centrated in groups that had evolved dental ad-
aptations that removed them from insectivorous
diets. At least some extinct groups were in food
chains relying directly on living plants.

Fresh-water stream communities (Fig. 1C)
are a special case of a detritus-based ecosystem
because they derive their food resources pri-
marily from the land (reviewed in Webster,
1983). Primary production is very low in
stream communities.

One recurrent puzzle has been that large rep-
tiles such as turtles and enormous crocodiles
survived, while large dinosaurs became extinct
(Clemens et al., 1981). Animals in fresh-water
ecosystems, including crocodiles, champsosaurs,
and turtles (Hutchison, 1982), generally sur-
vived the extinction. Since fresh-water ecosys-
tems are based on detritus derived from land,
they are buffered from extinction in this model.

Thus, the hypothesis is supported for terres-
trial ecosystems. Animals, notably dinosaurs, in
food chains dependent on living plant material
became extinct. Surviving animals, such as
mammals, lizards, and aquatic forms, were
concentrated in detritus-buffered food chains.
At the beginning of the Paleocene, herbivore
diversity was low because of the loss of the di-
nosasurs. Fewer communities were based on
primary production, and a greater proportion
of communities were based on detritus feeding
than in the Cretaceous. The spectacular radia-
tion of browsing mammals was still in the fu-
ture (Krause, 1982; Gingerich, 1984). Condy-
larths, with dentitions modified for processing
living plants, rapidly expanded in the early and
especially middle Paleocene (Krause, 1984;
Clemens, 1984, personal commun.). This group
was diversifying into ecospace vacated by the
extinction of herbivorous dinosaurs. Lizards
and other reptiles that are not commonly her-
bivores were a significant part of the Paleocene
fauna (Estes, 1970, 1982), and perhaps along
with birds, they challenged mammals for
dominance.

DISCUSSION

Further rigorous testing of the model pre-
sented here is needed, and the model permits
such tests. A particularly powerful test would
be to examine the pattern of extinction within
taxa of animals in which individual species
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have differing feeding adaptations. For exam-
ple, in terrestrial environments most lineages of
Late Cretaceous lizards survived into the Ter-
tiary. One of the few groups that had severe ex-
tinctions was the Polyglyphanodontinae, which
had enlarged molariform or polycuspate-spatu-
late teeth (Estes, 1982). The subfamily was one
of the first groups of lizards to evolve omnivo-
rous or herbivorous adaptations (Estes, 1982),
which may have moved them out of detritus-
based food chains. Similarly, turtles survived
the K/T extinction event with very little extinc-
tion. Most were in the detritus-buffered aquatic
ecosystem. Extinction in turtles was concen-
trated in the tortoiselike, land-dwelling der-
matemydids which were herbivorous (Hutchi-
son and Archibald, 1984) and thus not buftered
from extinction.

In summary, the ecologic pattern of extinc-
tion at the K/T boundary, in both marine and
terrestrial animals, fits the predictions of an im-
pact model in which photosynthesis was inter-
rupted for several months. Extinction was con-
centrated in animals dependent on living plant
material rather than animals dependent on de-
tritus. That a significant proportion of the ex-
tinctions across the wide spectrum of marine to
terrestrial environments (Steele, 1985) fits the
predictions of the model is strong evidence in
support of the impact hypothesis.

REFERENCES CITED

Alvarez, L.W., Alvarez, W., Asaro, F., and Michel,
H.V., 1980, Extraterrestrial causes for the Cre-
taceous-Tertiary extinction: Science, v. 208,

p. 1095-1108.

Alvarez, W., Kauffman, E.G., Surlyk, F., Alvarez,
L.W., Asaro, F., and Michel, H.V., 1984, Impact
theory of mass extinctions and the invertetrate
fossil record: Science, v. 223, p. 1135-1141.

Clemens, W.A., 1979, Marsupialia, in Lillegraven,
J.A., Kielan-Jaworowska, Z., and Clemens,
W.A,, eds., Mesozoic mammals: The first two-
thirds of mammalian history: Berkeley, Univer-
sity of California Press, p. 192-220.

Clemens, W.A,, and Kielen-Jaworowska, Z., 1979,
Multituberculata, in Lillegraven, J.A., Kielan-
Jaworowska, Z., and Clemens, W.A,, eds.,
Mesozoic mammals: The first two-thirds of
mammalian history: Berkeley, University of
California Press, p. 99-149.

Clemens, W.A., Archibald, J.D., and Hickey, L.J.,
1981, Out with a whimper not a bang: Paleo-
biology, v. 7, p. 293-298.

Emiliani, C., Kraus, E.B., and Shoemaker, E.M.,
1981, Sudden death at the end of the Meso-
zoic: Earth and Planetary Science Letters, v. 55,
p. 317-334.

Estes, R., 1970, Origin of the Recent North Amer-
ican lower vertebrate fauna: An inquiry into
the fossil record: Forma et Functio, v. 3,

p- 139-163.

——1982, The fossil record and early distribution
of lizards, in Rhodin, A.G.J., and Miyata, K.,
eds., Advances in herpetology and evolutionary
biology: Cambridge, Massachusetts, Harvard
University Museum of Comparative Zoology,
p. 365-398.

Gerstl, S.A.W., and Zardecki, A., 1982, Reduction of

870

photosynthetically active radiation under ¢x-
treme stratospheric aerosol loads, in Silver, L.T.,
and Schultz, P.H,, eds., Geological implications
of impacts of large asteroids and comets on the
Earth: Geological Society of America Special
Paper 190, p. 201-210.

Gingerich, P.D., 1984, Mammalian diversity and
structure, in Gingerich, P.D., and Badgley, C.E.,
eds., Mammals, notes for a short course: Univer-
sity of Tennessee Department of Geological
Sciences, Studies in Geology, v. 8, p. 1-17.

Gray, J.S., 1981, The ecology of marine sediments:
Cambridge, England, Cambridge University
Press, 185 p.

Hansen, T.A,, Farrand, R., Montgomery, H., and
Billman, H., 1984, Sedimentology and extinc-
tion patterns across the Cretaceous-Tertiary
boundary interval in East Texas, in Yanc:y,
T.E, ed., The Cretaceous-Tertiary boundary
and Lower Tertiary of the Brazos River Valley:
American Association of Petroleum Geologists
Annual Convention Guidebook, p. 21-36.

Hansen, T.A., Farrand, R., Montgomery, H., Billman,
H., and Blechschmidt, G., 1986, Sedimer tology
and extinction patterns across the Cretaceous-
Tertiary boundary interval in East Texas: Ter-
tiary Research (in press).

Hutchison, J.H., 1982, Turtle, crocodilian and
champsosaur diversity changes in the Cenozoic
of the north-central region of western U.3.A.:
Palaeogeography, Palaeoclimatology, Pa’aeo-
ecology, v. 37, p. 149-164.

Hutchison, J.H., and Archibald, J.D., 1984, Turtle
diversity across the K-T boundary, N.E. Mon-
tana: Geological Society of America Abstracts
with Programs, v. 16, p. 547.

Jablonski, D., and Bottjer, D.J., 1983, Soft-bottom
epifaunal suspension-feeding assemblage: in the
Late Cretaceous: Implications for the evolution
of benthic paleocommunities, in Tevesz, M.J.S,,
and McCall, P.L,, eds., Biotic interactiors in Re-
cent and fossil benthic communities: New York,
Plenum Press, p. 747-812.

Kauffman, E.G., 1984, The fabric of Cretaceous
marine extinctions, in Berggren, W.A., and Van
Couvering, J.A,, eds., Catastrophes and Earth
history: Princeton, New Jersey, Princeton Uni-
versity Press, p. 151-246.

Kielan-Jaworowska, Z., Brown, T.M., and L:lle-
graven, J.A,, 1979a, Eutheria, in Lillegraven,
J.A,, Kielan-Jaworowska, Z., and Clemens,
W.A,, eds., Mesozoic mammals: The first two-
thirds of mammalian history: Berkeley, Univer-
sity of California Press, p. 221-258.

Kielan-Jaworowska, Z., Eaton, J.G., and Brown,
T.M., 1979b, Theria of Metatherian-Eu:herian
grade, in Lillegraven, J.A., Kielan-Jawcrowska,
Z., and Clemens, W.A.,, eds., Mesozoic mam-
mals: The first two-thirds of mammalian his-
tory: Berkeley, University of California Press,

p. 182-191.

Knoll, A.H., 1984, Patterns of extinction in the fossil
record of vascular plants, in Nitecki, M H,, ed.,
Extinctions: Chicago, University of Chizago
Press, p. 21-68.

Krause, D.W., 1982, Jaw movement, dental func-
tion, and diet in the Paleocene multituterculate
Prilodus: Paleobiology, v. 8, p. 265-281.

——1984, Mammalian evolution in the Pal:ocene:
Beginning of an era, in Gingerich, P.D., and
Badgley, C.E., eds., Mammals, notes for a short
course: University of Tennessee Department of
Geological Sciences, Studies in Geology, v. 8,
p- 87-109.

Kuhnelt, W., 1976, Soil biology with special refer-
ence to the animal kingdom: East Lansing,
Michigan State University Press, 483 p.

Printed in US.A.

Milne, D.H., and McKay, C.P., 1982, Response of
marine plankton communities to a global at-
mospheric darkening, in Silver, L.T., and
Schultz, P.H., eds., Geological implications of
impacts of large asteroids and comets on the
Earth: Geological Society of America Special
Paper 190, p. 297-303.

Newell, N.D., 1957, Revolutions in the history of
life, in Albritton, C.C., ed., Uniformity and sim-
plicity: A symposium on the principle of the
uniformity of nature: Geological Society of
America Special Paper 89, p. 63-91.

Pollack, J.B., Toon, O.B., Ackerman, T.P., and
McKay, C.P., 1983, Environmental effects of an
impact-generated dust cloud: Implications for
the Cretaceous-Tertiary extinctions: Science,

v. 219, p. 287-289.

Russell, D.A., 1979, The enigma of the extinction of
the dinosaurs: Annual Review of Earth and
Planetary S:iences, v. 7, p. 163-182.

Smit, J., 1982, Extinction and evolution of planktonic
foraminifera after a major impact at the Creta-
ceous/Tertiary boundary, in Silver, L.T., and
Schultz, P.H., eds., Geological implications of
impacts of large asteroids and comets on the
Earth: Geological Society of America Special
Paper 190, p. 329-352.

Steele, J.H., 1985, A comparison of terrestrial
and marine ecological systems: Nature, v. 313,
p. 355-358.

Tait, R.V., 1968, Elements of marine ecology: Lon-
don, Butterworth, 272 p.

Thierstein, H.R., 1982, Terminal Cretaceous plank-
ton extinctions: A critical assessment, in Silver,
L.T., and Schultz, P.H., eds., Geological implica-
tions of impacts of large asteroids and comets on
the Earth: Geological Society of America Spe-
cial Paper 190, p. 385-399.

Toon, O.B,, Pollack, J.B., Ackerman, T.P., Turco,
R.P., McKay, C.P,, and Liu, M.S., 1982, Evolu-
tion of an impact-generated dust cloud and its
effects on the atmosphere, in Silver, L.T., and
Schultz, P.H., eds., Geological implications of
impacts of large asteroids and comets on the
Earth: Geclogical Society of America Special
Paper 190, p. 187-200.

Tschudy, R.H., Pillmore, C.L., Orth, C.J., Gilmore,
JS., and Knight, J.D., 1984, Disruption of
the terrestrial plant ecosystem at the Cretaceous-
Tertiary boundary, Western Interior: Science,

v. 225, p. 1030-1032.

Van Valen, L.M., 1984, Catastrophes, expecta-
tions, and the evidence: Paleobiology, v. 10,

p. 121-137.

Van Valen, L.M., and Sloan, R.E., 1977, Ecology
and the extinction of the dinosaurs: Evolution-
ary Theory, v. 2, p. 37-64.

Wallwork, J.A., 1976, The distribution and diversity
of soil fauna: London, Academic Press, 355 p.

Webster, J.R., 1983, The role of benthic macroinver-
tebrates in detritus dynamics of streams: A com-
puter simulation: Ecological Monographs, v. 53,
p- 383-404.

ACKNOWLEDGMENTS

Supported by the Donors of the Petroleum Re-
search Fund, administered by the American Chemi-
cal Society (11156-AC2) and National Science
Foundation Grants EAR-7901013 (Sheehan) and
EAR-8411202 (Hansen). We thank W. Alvarez,
W.B.N. Berry, and W. A. Clemens (University of
California) for thoughtful reviews of the manuscript.

Manuscript received April 7, 1986
Revised manuscript received June 16, 1986
Manuscript accepted July 3, 1986

GEOLOGY, October 1986


http://geology.gsapubs.org/

Downloaded from geology.gsapubs.org on August 30, 2015

Geology

Detritus feeding as a buffer to extinction at the end of the Cretaceous
Peter M. Sheehan and Thor A. Hansen

Geology 1986;14;868-870
doi: 10.1130/0091-7613(1986)14<868:DFAABT>2.0.CO;2

Email alerting services click www.gsapubs.org/cgi/alerts to receive free e-mail alerts when new articles
cite this article

Subscribe click www.gsapubs.org/subscriptions/ to subscribe to Geology

Permission request click http://www.geosociety.org/pubs/copyrt.htm#gsa to contact GSA

Copyright not claimed on content prepared wholly by U.S. government employees within scope of their
employment. Individual scientists are hereby granted permission, without fees or further requests to GSA,
to use a single figure, a single table, and/or a brief paragraph of text in subsequent works and to make
unlimited copies of items in GSA's journals for noncommercial use in classrooms to further education and
science. This file may not be posted to any Web site, but authors may post the abstracts only of their
articles on their own or their organization's Web site providing the posting includes a reference to the
article's full citation. GSA provides this and other forums for the presentation of diverse opinions and
positions by scientists worldwide, regardless of their race, citizenship, gender, religion, or political
viewpoint. Opinions presented in this publication do not reflect official positions of the Society.

Notes

Geological Society of America F
THE
GEOLOGICAL
SOCIETY

OF AMERICA


http://geology.gsapubs.org/cgi/alerts
http://geology.gsapubs.org/subscriptions/index.ac.dtl
http://www.geosociety.org/pubs/copyrt.htm#gsa
http://geology.gsapubs.org/

