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Recently, it has been proposed on theoretical grounds that
carrion odor from flowers may not only attract pollinators, but
also repel mammalian herbivores. Two grazing experiments
involving 16 to 26 cattle heads per year, one for eight years
(1982-1989) and the other for seven (1994-2000), in a region
with no large carnivores that could influence cattle behavior,
show that cattle avoid areas where dead cattle have recently
been dumped. They grazed much less in these unfenced
plots that were used to dump dead cattle each year. In the
first experiment, with an area of ca. 20,000 m? per head, the
average grass biomass at the end of the season was 124.6 gr/
m? for the regular grazing area, whereas it was 236.5 gr/m? for
the carcass dumping area. In the second experiment, with a
higher stocking level, with ca. 9,000 m? per head, the average
grass biomass at the end of the season was 61.7 gr/m? for the
regular grazing area, and 153.7 gr/m? for the carcass dumping
area. These significant differences existed throughout the 15
y of the experiments. We propose that these results are clear
evidence of necrophobia in cattle, a character that might
defend them from both pathogenic microbes and predators.
This in turn demonstrates that carrion odor, primarily used by
plants to attract pollinators, can simultaneously defend plants
from herbivory by mammals as proposed.

Introduction

Carrion odors of various flowers have traditionally been
considered an adaptation for attracting the flies and beetles
that pollinate them."? In addition to this classic reproductive
signaling, Lev-Yadun et al.> proposed that it may also have
another, overlooked, anti-herbivore defensive function. They
suggested that such odors may also deter mammalian herbivores,
especially during the critical period of flowering, since carrion
odor is a good predictor for two potential dangers to mammalian
herbivores: (1) pathogenic microbes, and (2) proximity of
carnivores. While theoretically plausible,*’ there is a strong need
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to examine the possibility that mammalian herbivores are indeed
deterred by carrion odor and that it reduces herbivory. This in
turn will serve as a very good indication that carrion odor of
various flowers has a defensive signaling potential.

Fear of the dead is common in many if not all human cultures,
and carcasses are repulsive to most people, but this issue has not
been addressed in depth concerning mammalian herbivores. The
gruesome details of carcass decay processes over time® and their
bad odors seem to explain why carrion avoidance by mammalian
herbivores has not attracted much research attention.”® Avoidance
of dead animals owing to risk of pathogens is well known in

911 and this risk is also the reason for strict laws

ants and bees
and regulations related to handling animal carcasses and meat
residues in many countries.

An opportunity to examine the potential of carrion odor as
defense from herbivory emerged by examining the behavior of
cattle toward carcasses in two long grazing experiments set up
to study the influence of various levels of cattle stocking density
1218 conducted in two adjacent paddocks, each
containing a cattle carcass dumping plot. It shows a probable
defensive behavior in cattle that has been overlooked, and

on the vegetation,

which might represent the behavior of other large mammalian
herbivores. The deterrence from carrion odor shown here is a very
good indication for the potential defensive role of carrion odor,
primarily signaled by plants toward potential pollinators, as was
recently proposed on theoretical grounds.?

Materials and Methods

The two long grazing experiments, one for 8 y, from 1982 to
1989, and the other for 7 y, from 1994 to 2000, were conducted
at the Karei Deshe Range Station, just north of the Sea of Galilee
in Israel (32°55'N, 35°35'E, altitude 150 min a.s.l.). The soil
is brown basaltic proto grumosol,” usually not deeper than
60 cm, with rock cover of about 30%. The climate is typical
eastern Mediterranean, characterized by mild wet winters with
mean minimum and maximum average temperatures of 7°C and
14°C, respectively. Average annual (winter-spring) rainfall is 570
mm. The summers are hot and dry, with mean minimum and
maximum average temperatures of 19°C and 32°C, respectively.
The herbaceous vegetation consists of 166 species.” The
experiments were conducted primarily to examine the impact
of various stocking levels on vegetation. The repeated avoidance
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Table 1. Cow number, paddock size, and remaining herbage in the 2 grazing experiments

mostly by the action of insects and

Annual cow Paddock | Stocki Herbage at the end | Herbage at the end microorganisms, but they were not
2 2 .
Year | No.ofcows | replace- aa:ea :::2 I:::;c:;? of season gr/m of season gr/m eaten by large carnivores.
ment % (paddock) (“cemetery”) Plant biomass of patches within
First experiment both the regular grazing plots and
h mping ar
1982 16 100 338,000 21,000 149 280 the carcass du pl, & @ C'a were
sampled at random in April at the
1983 17 33 338,000 20,000 185 290 end of each growing season; this
1984 17 28 338,000 | 20,000 121 210 was done on 5 replicates of a 25 X
1985 17 35 338000 | 20,000 145 220 25 c¢m quadrate. Five quadrates were
I ithin th lar grazin
1986 17 100 338,000 20,000 114 200 ocated within t C re,gu ar grazing
paddock and 5 within the carcass
1987 18 35 338,000 19,000 168 290 dumplng area. Samples were cut at
1988 18 42 338,000 | 19,000 51 212 ground level, oven-dried at 75°C
1989 18 38 338,000 | 19,000 64 190 for 48 h, and weighed.”* Cattle in
the Karei Deshe experimental farm
Average + SE 124.6 +16.8 236.5 +15.05 p e .
suffered from no significant risk of
Second experiment predation, and no large carnivores
1994 22 100 215,000 | 10,000 54 140 that might be attracted to the
1995 23 32 215,000 9,000 68 160 carcasses were present there during
he 1 f th iments.
1996 26 35 215,000 8,000 65 180 the 15 y of the experiments
1997 24 85 215,000 9,000 29 124 Results
1998 25 42 215,000 9,000 105 168
1999 24 50 215,000 | 9,000 a1 124 The cattle grazed much less on
he plot th h
2000 21 48 215,000 10,000 70 180 the plot that was used to dump t ¢
dead cattle. The lower consumption
Average + 5 617492 1537492 of fodder in the two carcass dumps

of the carcass dumping area by cattle came as a surprise. In the
first, eight-year experiment, each of the 16—18 heads of cattle that
took part in the experiment had an area of ca. 20,000 (range
19,000-21,000) m? (total area 338,000 m?) (Table 1), while in
the other, seven-year experiment, each of the 21-26 heads had
only ca. 9,000 (range 8,000-10,000) m? per head (total area
215,000 m?) (Table 1). In both experiments 28-100% of the
heads were replaced each year (Table 1). A new herd of the first
year is considered 100% replacement, but in the first experiment
100% of the heads were replaced in 1986 (Table 1). A plot
within each paddock, ca 2,000 m? in area, was used repeatedly
to dump cattle carcasses of the whole experimental herd of ca.
650 cows. Several carcasses were dumped there every year, but
the carcasses, which were at least five m apart, never formed a
pile that could block grazing either by not allowing passage or
by visually hiding the forage from the grazing cattle. Dumping
carcasses in the plot began with the onset of the first experiment.
The dumping area was chosen because it was less stony, so the
tractor that pulled the carcasses had easy access. Each of the two
adjacent paddocks used for the two experiments was surrounded
by a fence, but there were no internal fences that separated
the carcass dumping area from the rest of the paddock or any
other obstacle to prevent cattle from approaching that area and
grazing in it. In its vegetation composition, the carcass dumping
area was no different from anywhere else in the paddock. The
borders of the carcass dumping area were created by the lower
rate of cattle grazing there. The carcasses decomposed there
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compared with the rest of the
paddocks was obvious in each of the 15 y of the experiments
(Table 1). There were no signs of local effects of fertilization
around the carcasses. In the first experiment, the average grass
biomass at the end of the season was 124.6 gr/m? for the regular
grazing area, and 236.5 gr/m? for the grazing area used as the
carcass dump. Using a paired t test we found the differences
highly significant (t = 11.1, df = 7, p < < 0.01). In the second
experiment the average grass biomass at the end of the season
was 61.7 gr/m? for the regular grazing area and 153.7 gr/m? for
the grazing area used as the carcass dump. The differences were
again highly significant (t = 14.0, df = 6, p < < 0.01). Clearly, the
cattle preferred to graze much less on the carcass dump.

Discussion

Giving up food at certain levels mediated by risk (giving-up
density sensu Brown?') is well known, especially for granivorous
rodents. Since this phenomenon of reduced cattle grazing within
the carcass dumping plots occurred in each of the 15 y of the
experiment, it seems to be a regular but overlooked feature, of the
type of giving-up density. The question is whether this behavior
is adaptive and whether it represents a general phenomenon. As
far as we know, this is probably an overlooked phenomenon. We
suggest that this effect is adaptive. Volatiles originating in the
decomposition of the carcasses very likely alert the grazing cattle
and various other mammalian herbivores to various potential
dangers in the carcass dump area. The succession of odors emitted
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from carcasses that attract carrion-consuming insects, reptiles,

and mammals®82223

may signal mammalian herbivores about
the existence of potential risks. Odors are known to influence
food preference by mammalian herbivores.?* In terms of ecology
and evolution, carcasses are reliable cues of two potential dangers
to mammalian herbivores: (1) pathogenic microbes, and (2)
dangerous carnivores.> We propose that a combination of fear
of diseases and fear of predators causes cattle to express the
necrophobia demonstrated here.

Carcasses are commonly occupied by various pathogenic
microbes, which may infect mammalian herbivores through direct
contact, or when these microbes contaminate their vicinity.”%%
Moreover, carcasses may be the defended kills or otherwise
gained food catch of large predators.?® Carcasses are known to
attract many types of carnivores, e.g., lions, grizzly bears, hyenas,
wolves, foxes, coyotes, and neatly all other carnivorous terrestrial
vertebrates, as all carnivores may be considered facultative
scavengers.® Fear of predation is known to influence herbivore

7729 in a way that may influence vegetation structure.”’

behavior
For all these reasons it would be a safe strategy for cattle to
distance themselves from carcasses, even when there is more
fodder next to them. Since the region of our experiments had

no large carnivores, this factor could not have influenced cattle

behavior, hence our interpretation of it. Similarly, as there were
no signs of local effects of fertilization around the carcasses,
the higher amounts of grass in the carcass dumping plots can
confidently be attributed to higher giving-up densities. The risk
that the cattle sensed was the odor of carrion rather than that
of carnivores.

We show here an unexplored aspect of necrophobia by
cattle, and hypothesize that necrophobia is common in other
vertebrate herbivores. We propose that this is a case of avoiding
attack, one of many types of this defense strategy.?® It has been
overlooked probably because scientists in general do not want
to deal with the unpleasant material of decaying carcasses, a
well-known human aversion.® This, however, serves as an actual
independent test of the hypothesis by Lev-Yadun et al.? that in
addition to pollination, carrion odors emitted by plants may
deter mammalian herbivores.

Disclosure of Potential Conflicts of Interest

No potential conflicts of interest were disclosed.

Acknowledgments

We thank Moshe Inbar and Graeme Ruxton for important
comments on earlier versions of the manuscript.

11.  Franks NR, Hooper J, Webb C, Dornhaus A. Tomb ~ 21. Brown JS. Patch use as an indicator of habitat
References : o . N »
evaders: house-hunting hygiene in ants. Biol Lett preference, predation risk, and competition. Behav
1. Faegri K, van der Pijl L. The principles of pollination 2005; 1:190-2; PMID:17148163; htep://dx.doi. Ecol Sociobiol 1988; 22:37-47; http://dx.doi.
ecology. 3rd ed. Oxford, UK: Pergamon Press 1979. org/10.1098/rsb1.2005.0302 org/10.1007/BF00395696
2. Stensmyr MC, Urru I, Collu I, Celander M, 12. Gutman M, Seligman NG. Grazing management of ~ 22. Shivik JA, Clark L. Carrion seeking in brown tree
Hansson BS, Angioy A-M. Pollination: Rotting Mediterranean foot-hill range in the upper Jordan snakes: importance of olfactory and visual cues. ] Exp
smell of dead-horse arum florets. Nature 2002; River Valley. J Range Manage 1979; 32:86-92; Zool 1997; 279:549-53; http://dx.doi.org/10.1002/
420:625-6; PMID:12478279; heep://dx.doi. htep://dx.doi.org/10.2307/3897548 (SICI)1097-010X(19971215)279:6<549::AID-
0rg/10.1038/420625a 13. Noy-Meir I, Gutman M, Kaplan Y. Responses of JEZ2>3.0.CO;2-N
3. Lev-Yadun§, Ne'eman G, Shanas U. A sheep in wolf’s Mediterranean grassland plants to grazing and 23. DeVault TL, Krochmal AR. Scavenging by
clothing: do carrion and dung odours of flowers not protection. J Ecol 1989; 77:290-310; http://dx.doi. snakes: an examination of the literature.
only attract pollinators but also deter herbivores? 0rg/10.2307/2260930 Herpetologica 2002; 58:429-36; huep://dx.doi.
Bioessays 20095 31:84-8; PMID:19154006; heep:// 14 Gueman M, Seligman NG, Noy-Meir I. Herbage org/10.1655/0018-0831(2002) 058 [0429: SBSAEO]
dx.doi.org/10.1002/bies.070191 production of Mediterranean grassland under seasonal 2.0.CO;52
4. Chaffey N. Bad smells: double-whammy. Ann Bot and yearlong grazing systems. ] Range Manage 1990; 24. Provenza FD, Kimball BA, Villalba JJ.
(Lond) 2010; 105:1V; htep://dx.doi.org/10.1093/ 43:64-8; http://dx.doi.org/10.2307/3899124 Roles of odor, taste, and toxicity in the food
aob/meq231 15. Gutman M, Holzer Z, Seligman NG, Noy-Meir I. preferences of lambs: implications for mimicry
5. Schaefer HM, Ruxton GD. Plant-animal Stocking density and production of a supplemented in plants. Oikos 2000; 88:424-32; hrttp://dx.doi.
communication. New York, NY: Oxford University beef herd grazing yearlong on Mediterranean 0rg/10.1034/j.1600-0706.2000.880220.x
Press 2011. grassland. ] Range Manage 1990; 43:535-9; http:// 25. Janzen DH. Why fruits rot, seeds mold, and meat
6. Coe M. The decomposition of elephant carcases dx.doi.org/10.2307/4002359 spoils. Am Nat 1977; 111:691-713; http://dx.doi.
in the Tsavo (East) National Park, Kenya. J Arid 16. Noy-Meir I, Briske DD. Fitness components of 0rg/10.1086/283200
Environ 1978; 1:71-86 grazing-induced population reduction in a dominant 26. Schaller GB. The Serengeti lion: a study of predator-
7. Putman R]. Carrion and dung: the decomposition of annual, Triticum dicoccoides (wild wheat). ] Ecol 1996; prey relations. Chicago, IL: University of Chicago
animal wastes. Southampton, UK: Edward Arnold 84:439-48; http://dx.doi.org/10.2307/2261205 Press 1972.
1983. 17.  Sternberg M, Gutman M, Perevolotsky A, Ungar ED, 27. Nolte DL, Mason JR, Epple G, Aronov E, Campbell
8. DeVault TL, Rhodes OE ]Jr., Shivik JA. Scavenging KigelJ. Vegetation response to grazing management in DL. Why are predator urines aversive to prey? ] Chem
by  vertebrates:  behavioral, ecological, and a Mediterranean herbaceous community: a functional Ecol 1994; 20:1505-16; http://dx.doi.org/10.1007/
evolutionary perspectives on an important energy group approach. J Appl Ecol 2000; 37:224-37; http:// BF02059876
transfer  pathways in  terrestrial  ecosystems. dx.doi.org/10.1046/j.1365-2664.2000.00491.x 28. Brown ]S, Kotler BP. Hazardous duty pay and the
Oikos 2003 102:225-34; heep://dx.doi. 18. Sternberg M, Gutman M, Perevolotsky A, foragingcostof predation. Ecol Lett2004;7:999-1014;
0rg/10.1034/j.1600-0706.2003.12378.x Kigel J. Effects of grazing on soil seed bank http://dx.doi.org/10.1111/j.1461-0248.2004.00661.x
9. Trumbo ST, Huang Z-Y, Robinson GE. Division dynamics: An approach with functional groups.  29. Ripple WJ, Beschta RL. Wolves and the ecology
of labor between undertaker specialists and other J Veg Sci 2003; 14:375-86; http://dx.doi. of fear: can predation risk structure ecosystems?
middle-aged workers in honey bee colonies. Behav org/10.1111/j.1654-1103.2003.tb02163.x Bioscience 20045  54:755-66;  http://dx.doi.
Ecol Sociobiol 1997; 41:151-63; http://dx.doi. 19, Dan J, Yaalon D, Koyumdjisky H, Raz Z. The soil org/10.1641/0006-3568(2004)054[0755:WATEOF
org/10.1007/s002650050374 association map of Israel (1:1,000,000). Isr J Earth 12.0.CO;2
10. Hart AG, Bot ANM, Brown MJF. A colony- Sci 19703 21:29-49. 30. Ruxton GD, Sherratt TN, Speed MP. Avoiding
level response to disease control in a leaf-cutting 20. Henkin Z, Seligman NG, Noy-Meir I, Kafkafi U, attack. The evolutionary ecology of crypsis, warning

20025 89:275-7;
hetp://dx.doi.org/10.1007/

ant.  Naturwissenschaften
PMID:12146794;
500114-002-0316-0

www.landesbioscience.com

Gutman M. Rehabilitation of Mediterranean dwarf-
shrub rangeland with herbicides, fertilizers, and
fire. ] Range Manage 1998; 51:193-9; http://dx.doi.
org/10.2307/4003207

Communicative & Integrative Biology

signals & mimicry. Oxford, UK: Oxford University
Press 2004.

€26111-3



