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ABSTRACT

The foliage-as-fruir hypochesis argues that some planes may accually promote herbivory by large ungulates ac che time of seed set
to achieve seed dispersal. [ examined a minimum condition of this hypothesis, thac large herbivares aceually ingest and pass small
seeds from non-fleshy-fruited planes, by screening the dung of large indigenous mammals ac the nme of seed sec. In a lewland
reserve in South Asia, [ examined the dung of Greater One-Harned Rhinaceros, Indian bison, and four native cervids for seeds
from plants noc producing fleshy fruits bue found no obvious examples supporting rhe foliage-as-fruic hypothesis. Frequent,
predicrable, and widespread discurbance of grasslands by anaual floading and periodic fires provides sufhcient micrasies for the
propagation of anaual planes, Under chis disturbance regime, selection pressure for megafauna-mediaced dispersal, as described by
the foliage-as-fruic hypathesis, 15 not apparent in plants of South Asian flood plains.

Janzen (1984) SUGGESTED THAT THE FOLIAGE of small-
seeded plants may function ecologically as fruie, atcraceng
large herhivores just as arils and fleshy berries accrace and
ceward frugivares. In chis intriguing evelutionary scenario,
large ungulaces, lured by a nutricous fodder “haic,” in-
gested minuce seeds and fruiting stalks cloaked in leaf
tissues. Long coexistence with a herbivorous megafauna
pravided small-seeded plants with a unique dispersal guild
of wide-roaming rmammals that defecated seeds inro fa-
vorable germinarion sites (e.g., edges of game rrails, small
forest apenings, wallow edges, river and stream banks).
Implicic in the foliage-as-fruir (FAF) hypochesis 1s the
prediction that plants subjected to herbivary are compen-
sared by effective dispersal and recruitment away from the
parent. Selection far rough, digestion-resistant seeds wauld
increase survival past the Scylla and Charybdis of mega-
faunal dispersal: massive, grinding molars and lengchy gue
recenion.

Most of the data supparting Janzen's hypothesis come
from either fenced darmestic livestock, free-ranging caccle,
ar fossilized ingesca of prehistoric large herbivores. An-
ecdoral accounts of seed dispersal by large mammals are
comman but most citations concern ingestion of small
seeds concealed in fleshy fruits racher than consumption
of seeds cloaked in foliage. Analyses of inreractions be-
rween simall-seeded plants and wild, large herbivores from
different canrinents and habitats would lend more credence
to the big mammal /small seed hypochesis, bur data are
few. A study conducted in an intensively-managed, North
Amecican grassland, reparted that small-seeded plants are
dispersed by wind and ballistic mechanisms racher than
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by populations of buffalo, elk, deer, and longhorn cartle
an the siee (Coflins & Uno 1983).

The hypothesis also lacks critical review because a
direct cest requires demanstrating char plancs whose faliage
and seeds are Ingested by large mammals have higher
fitness than da unbrowsed plancs in the kinds of habicats
in which the system evolved. The purpase of this paper
is to evaluate a minimurm candicion for the FAF hypachesis
ta be valid: that indigenous megaherbivares ingest and
pass a significant amaunr of seeds fram “"FAF-type’ plants.
My study site was the lush Gangetic flood plain of soucheen
Nepal (known regionally as the Terai zone). The most
conspicuous member of the megafauna is an extant, pre-
historic herbivore, the Greater One-Horned Rhinaceras
Rhinaceros unicornis (hereafrer, referred to as rhinoceros).
The large hechivare guild also includes 5 ruminants chac
are widespread aver much of subtropical and tropical Asia:
barking deer (Mauntiacus muntjac), hog deer (Axis por-
cinus), axis deer (Axis axir), sambar (Ceruws wnicolor),
and Indwan bison ar gaur {Bos gaxrus}.

Taday, intace riverine grasslands of che Terai zone of
India, Nepal, and Bhucan gceur in a few reserves and
parks, although five hundred years ago, the flood plain
vegeration covered a huge belt of land along the Hima-
layan foathills. Wild herbivore biamass in these procecred
parks rivals figures estimated for some African game pre-
serves, particularly in the call grass /riverine forest mosaics
(Seidensticker 1976, Dinerstein 1980). One would predicc
thac FAF type inceracdans would mase likely evalve in
habicats supporting a divecse and dense megafauna. One
such habitac Is the grassland of Souch Asia.

More derailed information on Chirwan, hahirat dy-
namics, rhinoceras, and ocher ungulates can be found
elsewhere (Laurie 1978, Mishra 1982, Gyawali 1986,
Joshi 1986, Dinerstein 1987, Dinerseein & Wemmer in
press).



TABLE 1.

Seed content of deer pellers durving peak seed set foy annnal plants in a study avea = 3 km fram croplands.

Deer species

Parameter Barking deer Hog deer? Axis deer? Sambar?
Body weight (kg) 12-17 3l 54 154-198
N peller groups 22 300 300 300
N pellets examined 732 14,452 14,809 14,042
N seeds found 4] 709 420 345
N seeds from fleshy-fruited herhs /shrubs 4] 7027 2466 1407
N seeds from non-fleshy-fruiced herbs /shrubs 4] A8 3200 1G5
N seeds from grasses 0 41 741 404

U Muntiacas matjak.
2 Axis porcinus.

3 Axir axis,

* Cervaus anicolor.

5 Callicarpa macvophylla—634; Cucurbitaceae sp.—3; Solanam indicum—212, Piper indicum—1\, Solanum sp—17.

8 Unknown sp.—26.

? Callicarpa macrophylia—9; Piper indicum—3; unknown sp.—128.

¥ Legume sp—2; unknown sp—1.

? Rabdosia costsa—240;, Rabdosia sp. b—34, Flemingia chappar—10; ocher—16.

0 Rabdoria coetra—78; Rabdasia sp. b—80),; Legume sp—7.
' Grass sp. 1—3; grass sp. 2—1,

12 From four spp.

3 Oplismenns compasitni—20; three other spp.—20.

METHODS

Janzen (1984) outlined a suite of traics exhibiced by FAF-
type plancs assumed to promaote large mammal dispersal
{edibilicy before and during seed set; chemical changes in
leaf palacabilicy wich seed sec; nucricious foliage; synchrony
of seed maturation; close concace berween seeds and edible
foliage; tough, minuce, digestion-tesistant seeds), One way
o detece the presence of the FAF syndrome is to survey
a local flora for the appearance of such rraits among annuals
(Collins & Uno 1983). 1 used this approach o examine
the craic of close contace berween seeds and edible foliage.

[ tested the minimum condition of the FAF hypothesis
by sampling and screening the dung of rhinaceros and
other ungulaces for the presence of small seeds duting the
annual peak in seed set for small-seeded planes. This
approach preempes testing for increased fitness of FAF-
type plants dispersed by megaherbivores vs individuals
not dispersed via ingestion by large mammals, [f native
large grazers and browsers accually avoid or seldom ingest
fruits of small-seeded plancs at seed set, or pass few ot no
intact seeds over the range in cime and space of che planc
species in question, then the FAF interacrion may not be
prevalent in that system.

Rhinoceros dung was sampled from 100 latrines ac
leasc 3.5 km. from che border with agriculture. For bacder-
dwelling rhinoceros I also censused 20 natural latrines each
month for the presence of FAF-type plants germinacing
from the latrines. All 20 latrines occurred adjacenc to
ctaplands so char seeds recovered from chem provided a
comparison with dung collected from rhinoceros chac for-

age on natural vegeration. In addicion, Gyawali (19863,
using fecal analysis rechniques, compared monthly diees
of a population of border-dwelling thinaceros with a pop-
ulacion =2.5 km from che border with agriculture.

I evaluated small seed/ruminant inceractions by
searching chrough 300 pellec groups /species for hog deer,
axis deer, and sambar from several forest and grassland
traces during the peak period of seed set for annual plants
(Table 1). Barking deer, a species maost common in tiverine
farest, used latrines, and I searched through 22 lacrines
during the same incerval. Indian bison droppings wete
searched during April. April is che beginning of the secand
peak in seed sec for annuals which set seed in grasslands
and it marks che cime of year when bison are most commaen
on the fAood plain. Normally, bison spend mose of the
year in Chirwan'’s hilly eracts.

We fed fruirs and foliage of small-seeded plancs to a
captive rhinoceros to estimate gue teansit and seed survival
(see Joshi 1986, Dinerstein & Wemmer 1988). All seeds
recovered from wild ungulate dung were sown in soil and
watered co test for germinability.

RESULTS AND DISCUSSION

Rhinoceros may exceed 2000 kg and fuel cheir massive
bulk on a diet of Aood plain grasses, tree saplings, shrubs,
aquatic planes, herbs, and fruies (Laurie 1978, Gyawali
1986). The fruics and seeds of at leasc 30 species of plants
are ingested by thinoceros in a study area bordering crop-
lands (E. Dinerstein pers. obs.). Of these, seeds of only
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TABLE 2. Saed content from lavge herbivore dung duving peak
seed s¢t for annual plants in a study avea >3 km
from craplands,

Greater
Indian One-Horned
bison R hunaceros
(Bas {Rbinoceros
Parameter paurus) unicorais)

Body weighe (kg} 702-880  1410-2000

N samples 4 100

Sample weight (kg} 117.7 891.4

N seeds a 112

N seeds from fleshy fruic 4] 10

N seeds from non-Aeshy fruic 4] 1o

N seeds from grasses G 1?

! Flemingia chappar—61; Castia tora—10; legurme sp. a—$,
six unknown spp.—22.
?Rice—I.

13 non-fleshy-fruited forbs and grasses, ouc of a herba-
ceous flora exceeding 180 species, were recovered in minuee
quantities from thinoceros latrines sampled > 3.5 km from
the border with agriculeure (Table 2).

The Chirwan graminaid flora contains a minimum of
30 species of short grasses, 22 species of intermediate
grasses, 22 species of rall grasses, and 13 species in the
Cyperaceae. Because the monthly diec of rhinoceros may
contaln up to 96 percenc grass tissues (Gyawali 1986),
the virrwal absence of the FAF inceraction among grasses
and thincceros is puzzling. [ suggest six factors char might
reduce incake of small, foliage-wrapped (as opposed to
berty-encased) seeds by lacge grazers. Firsc, the prehensile
upper lip of the rhinocetos permits highly selective for-
aging. Rhinoceros easily pluck small fruies from the ground
and graze neacly around fruiting stalks of short grasses
such as Chrysopogon aciculatas (a sticktighe species) buc
graze its prostrate leaves and stems. Rhinoceros also avoid
the shore fruiring spikes of Elewsine indica and the sedge
Fimbrisrylis dichotoma while cropping sucrounding pros-
trace grasses.

Second, grazing lawns result where rhinoceros do graze
shore grasses (rensy McNaugheon 1984); severe cropping
reduces flowering and seed sec. Moreover, the grasses chat
dominate on grazing lawns (Imperata cylindrica, Cynodon
dactylon, and Saccharum spontaneum) spread predomi-
nancly by thizemes, or stolons, ot boch. Of course, ather
excinct large herbivores might have grazed shore grass
swards differencly chan thinoceros. However, domestic cows
and buffalo maincain grazing lawns in the absence of
thinoceros and avoid fruiting pares of several of the same
gramineids {J. Lehmkuhl, pers. comm.). [n the Kazicanga
Reserve in Assam, India, thinaceros, wild buffalo, swamp
deer, and hog deer crop grazing lawas in che same manner.

Third, the fruiting scalks of three small-seeded grasses
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that contribuce greatly to grass biomass i1 Chirwan (Ne-
venga porphyracerma, Themeda arundinacea, and Saccha-
rum benghalensisy are not eaten by rhinoceros at seed ser.
Two features of chese three species make them unfavored
food plants: 1) fruiting scalks reach 3—6 m ac seed se,
well abave the reach of all che uagulaces under consid-
eration, and 2} marure foliage is low in ctude protein buc
high in silicaces, cellulose, and lignin during che dispersal
phase. (N. porphyracorma 0.80% N in lvs, 0.12% N in
fruiting stems, T. arundinacez 0.92% Nin lvs, 0.13% N
n fruicing stems; 5. benghalensis 1.2% N in lvs, 0.29%
N in fruiting stemns. Figures represenc mean values N = 2,
E. Dinerscein, pers. obs.) Rhinoceras do graze the silky
Howering plumes of §. spentaneum and §. benghalensis buc
only prior to seed sec. These rall grasses are disseminated
by wind and water (5. sponrancum, §. benghalensis), wind
(N. porphyracorma), or on animal fur (T. 2rundinacea and
T. villysa). During seed sec in short grasses, foliage is
brown and often withered and less attractive chan the
shoots and younger leaves of §. spontaneum, a seaple of
rhinoceros ac chis cime. Ac least for short grasses, the fodder
"bait’’ is passed by for more nutritious, and more abun-
dant, seedless forage.

Foureh, a survey of shart, intermediate, and rall grasses
in Chitwan revealed that of 77 species identified to date,
97 percen display fruiting heads above the leaves rather
than intermingle seeds with foliage (J. Lehmkuhl, pers
comm.). Oaly Cynodon dactyion, Paspalidium favidum,
and che sedge, Kyilingia brevifolia mix seeds and leaves.
Fifth, if rhinoceros do occcasionally ingese infructescences
of small-seeded grasses such as C. dactylon, Hemarthria
compressa, P. flavidum, Digitaria setigera, the sedge K.
brevifolia, and perhaps a few other undetected species,
few seeds appear to survive guc cransic. The large seeds
of rice do sucvive the molar mill and gur retencion, and
germinace 1n dung. This lase observation musc be qualified
by the finding thac during November {the monch of rice
harvest), paddy accounts for 43 percent of the diec in
rhinoceros dwelling near the border with agriculture
(Gyaweli 1986). Ac such a high level of consumption,
numerous rice kernels in dung would bhe expecred.

Sixth, availability of qualiry germinacion sites wichin
and ac the edge of grasslands open after seasonal inun-
dadion and silracion during che mid-to-end of monsoon
(July=Seprember) and after the annual fires during the
dry season (February—May}. These cwo perieds coincide
with peaks in seed set by annual and perennial grasses.
Colonizanon of exposed sile by wind, and water dispersal
by grasses during the mansoon and post monsoon appears
t be quite successful ( J. Lehmkubhl, pers. comm.}. During
the dry season, the common grass 1. ¢ylindrica lowers and
frutts immediacely after the fires, and is dispersed by wind.
After dispersal the grass send up new shoots at which time
it 18 heavily grazed by rhinoceros and ather ungulaces, the
direct opposite of the FAF scrategy.



Grass seeds were absent in the dung of barking deer
and, bison and rare in the pellets of hog deer, axis deer,
and sambar {Tables 1, 2). The combined cotal of 43,303
pellets from the latter three cervids yielded only 110 grass
seeds. Most of these belonged to the two most common
riverine foresc grasses: Oplirmenns compositus, and a pan-
icoid species. The abundance of these two grasses in the
forest understory and the low seed contenc in che pellets
sampled indicate ¢har Chitwan cervids do not play a large
role in cthe dispersal of the graminoid flora via ingestion.
of seed sralks.

Ingestion of small-seeded herbaceous plants at seed
set by thinoceros in habicars far from agriculeure is limiced
to abour 8 of che 85 (9%) herbs idencified to dare. Of
the 19 seeds fram FAF-type herbs, none had germinated
by the end of the pre-monsoon showers in May.

The most common FAF interaction berween axis deer,
sambar, and an annual hetb 1s with the mint, Rabddosia
coetsz. R. coetsa seeds accounted for 318 of the 765 roral
seeds found in axis deer and sambar pellers. [r should be
noted char 318 seeds consitituce che seed load of about
one plant and Rabdesia is common in the underscory of
the riverine forest.

In nataral (i.e., pristine) grasslands, Janzen's hypoth-
esis predices chac FAF plants will often be thase of ephem-
eral microsices, unpredicrable in location. At lease in South
Asian flood plain grasslands, annual discurbance is cyclic,
predictable, and widespread. Flooding and fire create open-
ings for small-seeded annuals on a far grander scale chan
animal crails, scrapes, or wallows. Thus, animal-mediaced
dispersal may not have been selecred for, in concrast with
water and wind dispersal, when partions of flood plains
are blanketed anaually in sile, and call and intermediate
grasslands burn regulacly. Under this disturbance regime,
short herbaceous annuals could grow, flower, and sec seed
before the perennial grasses overwhelm chem even in che
tallesc grasslands. A common fugidve species, Cirsium
wallachii (known locally as “Gaidakara” or rhino thorn)
is devoured by rhinoceras when young leaves are available
in November and December. Ar seed set, rhinaceros avoid
this wind-dispersed thiscle, which spreads effectively into
burned pacches of grassland. Several other wind-dispersed
composites ser seed after the beginning of the fite season.

Janzen's resurreccion of che evolurionary role of large
herbivores in planc/animal interacdons deserves wide-
spread attention from biologists who study free-ranging
large herbivores. Bur on Nepal's flat, ungulare-rich flood
plain, the effeces of “'conventional’” frugivory and seed
dispersal by megaherbivores are far more visible in scope
and imporcance chan the FAF inceraction. For example,
each rainy season, rhinocercs and several ocher ungulaces
ingest the large fruies of the dominant riverine forest tree,
Trewia nadiflora, and manute over 1.3 million seeds into
the flocd plain within a 10.3 km?® study area (Dinetstein
& Wemmer 1988). Frugivory by chinocetos and ocher
ungulaces chus affeces flood plain succession and supports
the concepe of megafaunal dispersal (Janzen & Martin
1982).

Perhaps in East African grasslands, with sequencial
removal of the shore grass /herb layer by waves of migra-
cory ungulaces, the ingestion and dispersal of small seeds
by big grazers will be more apparenc. Perhaps among relic
populations of European bison (Bisen bonasus) surviving
in hetb-rich cemperace forests, or among forest-dwelling
bison (B. bisen) in boreal forest, importane FAF interac-
tons await discovery. In che Chirwan flood plain, the
foliage-as-fruic syndrome currently lacks a significane place
among other modes of seed dispersal.
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