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Secondary substances and their ecological effects on seed dispersal in vertebrate-

dispersed fleshy fruit plants
PAN Yang, LUO Fang, LU Changhu”

College of Forest Resources and Environment, Nanjing Forestry University, Nanjing 210037, China

Abstract; Plant species which depend on vertebrates for dispersing their seeds in flesh fruits to safe sites for establishment
often face the trade-off between attracting seed dispersers and preventing their seeds from over consumption by seed
predators. Secondary substances such as glycoalkaloids, emodin, and capsaicinoids in fleshy fruits play an important role for
regulating this process. There are diverse secondary substances in vertebrate-dispersed fleshy fruits, but they are often the
same as those found in the stems and leaves, and mostly belong to the three major categories; nitrogen-containing
compounds (e.g. glycoalkaloids and capsaicinoids) , phenolic compounds (e.g. emodins and tannins) , and terpenoids (e.
g. saponins). The content of some secondary substances such as tannins and emodins is abundant in immature fruits, which
deters the potential predators or pre-mature disposal by frugivores; the content decreases with the fruit maturity. Other
secondary substances ( e. g. apocarotenoids ) increase with the maturation, which may promote the consumption by

dispersers. Secondary substances in vertebrate-dispersed fleshy fruits may modify the relationship between animals and
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plants by altering the fruit consumability; depending on the type of the secondary substances, the fleshy fruits could be toxic
to all vertebrates ( non-specific or general toxic) or only to some species ( specific or directed toxic). Secondary compounds
might be able to regulate animal feeding frequency and the amount of consumption by causing frugivores to leave the fruit
plant sooner in a foraging bout; early departure from the plant might reduce the number of fruits consumed by a particular
animal, but may increase the overall the likelihood of seed dispersal away from parent plant by other dispersers. Secondary
substances in ripe fruit pulp can inhibit pre-dispersal seed germination or enhance post-dispersal seed germination. Gut
retention time of seeds in vertebrates could be altered by some secondary substances, permitting either more rapid passage
via laxative effects or slower passage rates by constipating effects. The colors, odors, and flavors of the fleshy fruits can be
modified by secondary substances, which can attract dispersers by providing foraging and rewarding cues recognized by
frugivores. A single secondary substance can have multiple ecological functions. Our knowledge of secondary substances in
flesh fruits and their interactions with vertebrate animals are still limited. Future research need to consider diverse aspects of
plant secondary substances such as the comprehensive regulatory mechanisms of fruit physiological biochemistry and
morphology characteristics to the frugivores; the regulatory mechanisms of secondary substances for plant population and
community structure and distribution patterns post dispersal; and the coevolution between the production of secondary
substances and their defense and attraction strategies of plants and the selection and consumption of fleshy fruits by
vertebrate animals. The research of secondary substances in vertebrate-dispersed fleshy fruits will enhance our knowledge of

seed dispersal mechanisms, plant generation and recruitment patterns, and animal-plant interaction and their coevolution.

Key Words: secondary substances ;fleshy fruit;frugivore; coevolution
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Table 1 Common secondary substances in fleshy fruits of vertebrate-dispersed plants

Z)
Category

Gy BB

Separation position

Hi¥) & 4,

Plant genus

HIYIF 4,

Plant species

HREAA Y Nitrogen-containing Compounds

TCE A= P SRR R
Glycoalkaloids ( GAs) Pulp, pericarp
B Capsaicinoids FhF Seed

HAF ECING A

Cyanogenic Glycosides Pulp, seed coat, kernel

JEREE Amelanchie

24k &%) Phenolic Compounds
KB ZE Emodin BA FhrT Pulp, seed

o . R BT SR
A7 Tannins )

Pulp, seed, pericarp
£ & Anthocyanins

R EY Terpenoids
& Saponins

KB FhF Pericarp, seed

B FhF Pulp, seed

2558 llex

)& Solanum
BBUSE Capsicum
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S B A8 A 0 AN ST AR B O & 3 MR
( Directed Toxicity Hypothesis) , B} {205 55 A i ik A=
Yy o HAT SRHEE W R TAE R I B R S BEE R,
B A 1 5 AR B A D . iz dEbER
1 ( General Toxicity Hypothesis) , B} 552 o (¥ A 4
BT B A B R S W A B, AR X
SRR - POR L7/ (L 5 e S

B 2 2 25 X 3 PR AR R U0 A 1 I, 35 28 AR 2K
(B R WAE Y B B A 2 S S X A Tl
MRV R, R Z W98 SR Bt , Horp i
LB RO B R XS Rl R X SRR AR )
FEEECH MR, Stuempf %7 & B HLE
( Prunus) F328 AKJ&E ( Sambucus ) 1AM 5L v i 5115
1= Amygdalin, — B 37 & W) XF H ALK F 5
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7 4 h NIH 3% 5—6 % 2 LR FESL G BT = A 5 75
o AR ABFIE R AR A BROBUER X I L2 (A
WA AR AR ) A SR R B BRI, (EE X%
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T BRI A 5 SR | B A A SR ek i 2
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JEEWBE, Cipollini 1 Levey' ™ 45 2 FhFh 714 4% #
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B RAR B R 52, e BRRh 41l B2 AL 16 & R 2
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5 GAs ¥ B 19 b 36 5l Jg %% ( S. carolinense ) H: 52 X%F fIf
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AR VA N CRE DG I L S I N I RSV B TR IR s A
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SRS Y U A ) 5 R 0 R o i 3 Y 3R
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FXGFNIR Y ( Turdus migratorius ) 77 5 8% 58 18 £
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