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Summary

 

• Successful climbing by vines not only prevents shading by neighbouring vegetation,
but also may place the vines beyond ground herbivores. Here we tested the hypothesis
that herbivory might enhance climbing in a vine species, and that such induced
climbing should be greater in the shade.
• We assessed field herbivory in climbing and prostrate ramets of the twining vine

 

Convolvulus arvensis

 

. We evaluated plant climbing after mechanical damage in
a glasshouse under both sun and shade conditions, and determined whether control
and damaged plants differed in growth rate or photosynthetic capacity.
• Plants experienced greater herbivory when growing prostrate than when climbing
onto companion plants, in both an open habitat and a shaded understorey. Experimental
plants increased their twining rate on a stake after suffering leaf damage, in both
high- and low-light conditions, and this induced climbing was not coupled to an
increase in growth rate. Increased photosynthesis was associated with enhanced
twining rate only in the shade.
• Herbivory may be an ecological factor promoting the evolution of a climbing habit
in plants.
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Introduction

 

Plants respond to herbivory in several ways that may reduce
further damage (Karban & Baldwin, 1997). Attacked
plants often exhibit rapid responses in terms of chemical
and physical defences, which may deter feeding (Agrawal,
2000); and slower changes in patterns of growth and resource
allocation, which may reduce the negative impact of damage
on plant fitness (Strauss & Agrawal, 1999). However, there is
no published evidence that plants may escape from herbivores
in the short term by way of altered growth patterns triggered
by damage. In the case of vines, climbing is thought of

principally as a means of reaching upper layers to maximize
exposure to solar radiation and hence enhance fitness (Putz,
1984; Gianoli, 2003), but it might also be a mechanism to
avoid herbivory if plants are attacked more when growing
prostrate. In both erect and climbing plant species, there is
some evidence that voracious herbivores such as cutworms,
slugs and snails, and leaf beetles feed only on basal leaves
or short plants (Albrectsen 

 

et al

 

., 2004; R. Karban, personal
communication on the systems described in Karban 

 

et al

 

.,
2000 and Karban & Nagasaka, 2004; E.G., unpublished
data). Consequently, vertical growth may reduce the risk of
herbivory.
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Provided that unsupported vines suffer greater herbivory
within a population, it might be hypothesized that leaf
damage should boost climbing in these plants. The ecological
scenario should be different in sun and shade, however. On
one hand, the detrimental effect of herbivory on plants is
greater in shaded understoreys (Mabry & Wayne, 1997; Lentz
& Cipollini, 1998) because of the limited availability of
resources (low carbon gain) for biomass replacement. On
the other hand, the climbing behaviour of vines is enhanced
under shade conditions (Peñalosa, 1983; Gianoli, 2001) in
order to minimize deprivation of light. Therefore, it might
be expected that the hypothetical phenomenon of damage-
induced climbing would be more pronounced in vines
growing in a shaded environment.

In the present study we tested the hypothesis that herbivory
might induce enhanced climbing behaviour in a vine species,
and that such induced climbing should be of greater magnitude
in the shade. We first assessed herbivory levels in the field, both
in open and shaded sites, in climbing and prostrate ramets of
the twining vine 

 

Convolvulus arvensis

 

. This species is a perennial
weed that may suffer severe defoliation by insects (Rosenthal
& Hostettler, 1980; Weaver & Riley, 1982) and that, in the
study area (central Chile), is often attacked by a Chrysomelid
beetle whose feeding niche is close to the ground (E.G., unpub-
lished). We then evaluated climbing behaviour of 

 

C. arvensis

 

after mechanical damage in a glasshouse under both sun and
shade conditions. Finally, to seek mechanistic explanations
for the expected induced twining rate in 

 

C. arvensis

 

, we further
evaluated whether control and damaged plants differed in
growth rate or photosynthetic capacity; an increase in these
parameters has been associated with compensatory responses
to herbivory (Trumble 

 

et al

 

., 1993; Strauss & Agrawal, 1999).

 

Materials and Methods

 

We surveyed field herbivory on naturally growing plants
of 

 

Convolvulus arvensis

 

 L. (Convolvulaceae). We compared
herbivory in climbing and prostrate ramets at a similar
ontogenetic stage and belonging to the same individual plant
(same genet), thus controlling the effect of genotype and age.
Climbing stems were found twining around erect herbs,
and prostrate stems naturally lacked support. Evaluations were
carried out in an open habitat (border of cereal fields: average
light intensity at noon 

 

≈ 

 

1850 µmol m

 

−

 

2

 

 s

 

−

 

1

 

 PAR measured
with a Li-250 light meter [LiCor, Lincoln, NE, USA]) and in
a shaded site (within a eucalyptus stand next to the cereal
fields: average light intensity at noon 180 µmol m

 

−

 

2

 

 s

 

−

 

1

 

 PAR)
in central Chile. Leaf herbivory (percentage of leaves show-
ing damage) was recorded in prostrate (unsupported) and
climbing (supported) ramets of the same individual plant (10
leaves evaluated per ramet = 20 leaves evaluated per plant).
Paired ramets were of similar length (1.2–1.8 m) and develop-
mental stage (30–40 leaves). It is important to keep in mind
that unmeasured factors might covary with the climbing/

prostrate status of plants because ‘treatments’ were not experi-
mentally applied. Thus, leaf traits of vines may be affected by
support availability (Gianoli, 2003).

Using plants grown from seeds collected in the open habitat,
we evaluated climbing behaviour after mechanical damage in
a glasshouse under both sun and neutral shade conditions.
Sun conditions, plants growing in a glasshouse (average light
intensity at noon 

 

≈ 

 

1740 µmol m

 

−

 

2

 

 s

 

−

 

1

 

 PAR); shade conditions,
plants growing under a black cloth in the glasshouse (average
light intensity at noon 270 µmol m

 

−

 

2

 

 s

 

−

 

1

 

 PAR). Neutral shade
has been shown to elicit increased climbing behaviour in vines
(Lee, 1988; Gianoli, 2001). Single-stemmed, prostrate plants
were provided with a vertical stake just in contact with the stem.
Control (undamaged) and damaged plants were 16 wk old
at the start of the experiment and were randomly placed on
glasshouse benches. Damaged plants suffered 25% defoliation
with scissors at time 0 (50% of leaf area removed in half the
leaves; leaves were clipped along the mid-vein). Half the plants
were subjected to artificial leaf damage (25% defoliation) and
half served as controls (

 

n

 

 = 12 plants per treatment). After
inflicting leaf damage, we recorded the number of plants
successfully twining around the stake (360

 

°

 

 turn) every 12 h
during 8 d. Statistical comparisons of the proportion of
control and damaged plants twined around stakes between
sun and shade experimental plants were conducted 2, 4, 6 and
8 d after defoliation. Although artificial damage hardly mimics
real herbivory in terms of its effects on plants (Lehtilä & Boalt,
2004), we used it in order to standardize the magnitude and
timing of damage inflicted on plants, hence minimizing bias
in the comparison between treatments.

Using the same individuals as those evaluated for twining
rate, we determined whether control and damaged plants
differed in growth rate or photosynthetic capacity. Vine growth
rate was estimated by measuring stem length immediately
after leaf clipping and at the end of the 8 d observation period
(

 

n

 

 = 10 plants per treatment). Vine length was determined by
carefully attaching a piece of thread along the stem and meas-
uring thread length afterwards. Area-based photosynthetic
rate was measured on one intact, fully expanded leaf per plant
(leaves located at mid-shoot) on day 7 after leaf damage using
a portable infrared gas analyser CIRAS-II (PPSystems, Hitchin,
UK). Photosynthesis was recorded in the same leaves at 10:00,
12:00, 14:00 and 16:00 h (

 

n

 

 = 5 plants per treatment).

 

Results

 

Under field conditions, very similar patterns were found in
sun and shade sites: leaf herbivory (exclusively by chewing and
mining insects) was greater on prostrate ramets than on those
successfully climbing onto companion plants (sun, 

 

t

 

9

 

 = 4.20,

 

P

 

 = 0.002; shade, 

 

t

 

9

 

 = 4.25, 

 

P

 

 = 0.002, 

 

t

 

-test for dependent
samples; Fig. 1). There were no differences between sites in
the prostrate : climbing herbivory ratios (

 

F

 

1,18

 

 = 0.78, 

 

P

 

 > 0.38;
one-way 

 

ANOVA

 

).
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In the glasshouse, damaged plants climbed significantly
earlier than control plants under both sun and shade condi-
tions (sun, 

 

P

 

 < 0.01; shade, 

 

P

 

 < 0.05, Kolmogorov–Smirnov two-
sample test; Fig. 2), thus supporting our primary hypothesis.
No difference in the degree of damage-induced twining
was found between sun and shade plants at any of the four
evaluations during the first 8 d after damage (2 d, 

 

χ

 

2

 

 = 0.24,

 

P

 

 > 0.62; 4 d, 

 

χ

 

2

 

 = 0.04, 

 

P

 

 > 0.83; 6 d, 

 

χ

 

2

 

 = 0.87, 

 

P

 

 > 0.35;
8 d, 

 

χ

 

2

 

 = 0.03, 

 

P

 

 > 0.85, 2 

 

×

 

 2 contingency table analysis).
Consequently, the hypothesis that wound-induced climbing
would be of greater magnitude in vines growing in the shade
was not supported.

Control and damaged plants showed very similar growth
(stem elongation) after simulated leaf herbivory, and this was
verified under both environmental conditions (damage, 

 

F

 

1,36

 

 =
0.45, 

 

P

 

 > 0.50; light, 

 

F

 

1,36

 

 = 18.94, 

 

P

 

 < 0.001; damage 

 

×

 

 light,

 

F

 

1,36

 

 = 0.01, 

 

P

 

 > 0.94, two-way 

 

ANOVA

 

; Fig. 3). Likewise, the
photosynthetic rate of intact and wounded vines growing in
the sun was very similar (damage, 

 

F

 

1,8

 

 = 0.01, 

 

P

 

 > 0.94; time,

 

F

 

3,24

 

 = 1055.6, 

 

P

 

 < 0.001; damage 

 

×

 

 time, 

 

F

 

3,24

 

 = 0.77, 

 

P

 

 > 0.5,

repeated-measures 

 

ANOVA

 

; Fig. 3). In contrast, damaged
plants showed a slightly higher photosynthetic rate than
control plants when growing under shade conditions
(damage, 

 

F

 

1,8

 

 = 7.72, 

 

P

 

 = 0.024; time, 

 

F

 

3,24

 

 = 339.6, 

 

P

 

 < 0.001;
damage 

 

×

 

 time, 

 

F

 

3,24

 

 = 2.58, 

 

P

 

 = 0.077, repeated-measures

 

ANOVA

 

; Fig. 3).

 

Discussion

 

Climbing plant species have been shown to modify their patterns
of shoot growth depending on environmental conditions
(Peñalosa, 1983; Lee, 1988; Ray, 1992; Gianoli, 2001), and
there is evidence that vine species differing in circumnutation
behaviour when growing prostrate also differ in their success
rate in exploiting trellises (Peñalosa, 1982; Larson, 2000).
Furthermore, a relationship between physiological adaptability
of vines to low-light environments and climbing mechanics
has been postulated (Carter & Teramura, 1988). However, this

Fig. 1. Leaf herbivory (percentage of leaves showing damage) in 
prostrate and climbing modules of the twining vine Convolvulus arvensis 
in central Chile. Sun, plants growing in the border of cereal fields; 
shade, plants growing within a eucalyptus stand next to the cereal 
fields. Bars indicate mean ± SE (n = 10 plant individuals per growth 
habit per habitat).

Fig. 2. Effect of leaf damage on the twining rate of Convolvulus arvensis. 
Cumulative percentage of plants actually twined (360° turn around 
a plastic stake) with time. Control (undamaged; white circles) and 
damaged (25% defoliation; black circles) plants were 16 wk old at 
the start of the experiment. Sun, plants growing in the glasshouse; 
shade, plants growing under a black cloth in the glasshouse. Initial 
number of plants per group = 12.
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is the first report of a vine species enhancing its climbing
behaviour as a response to simulated herbivory both in high-
and low-light environments. Because leaf damage was not
associated with greater stem elongation, the induced twining
rate of 

 

C. arvensis

 

 was not merely a consequence of increased
growth rate, suggesting that the mechanism of response to leaf
damage involves the twining process itself. Studies on the
physiology and biomechanics of vine circumnutation and
twining (Silk, 1989; Putz & Holbrook, 1991; Silk & Hubbard,
1991) indicate that these processes occur through differential
growth across the cross-section of the stem, with greater cell
turgor and elongation in the stem side away from the support,
growth-enabling substances presumably being transported via
symplast (Brown, 1993). Among the cascade of defence-related
biochemical reactions triggered by leaf damage, compounds
related to the octadecanoid pathway (Creelman & Mullet, 1997)
play a key role (Karban & Baldwin, 1997). Interestingly,
bioassays have shown that several of these octadecanoids
are also elicitors of tendril coiling in the climbing plant species

 

Bryonia dioica

 

 (Falkenstein 

 

et al

 

., 1991; Weiler 

 

et al

 

., 1993;
Blechert 

 

et al

 

., 1999). Further research should address the

involvement of octadecanoids in the wound-induced twining
response of vines in an ecological context.

We did not find differences in the magnitude of twining
induction in sun and shade, which might suggest that the light
environment is not constraining this plant response to herbivory.
However, only plants grown in the shade showed an increase
in photosynthetic rate when damaged. This suggests that
for induced plants to afford enhanced twining under low light
availability, an extra demand for resources is to be satisfied.
Alternatively, such enhanced carbon assimilation might be
just another case of compensatory photosynthesis in response
to defoliation (Nowak & Caldwell, 1984; Trumble 

 

et al

 

., 1993),
which has been shown to vary with the light environment
(Woledge, 1977).

Since the seminal studies of Darwin on climbing plants
(Darwin, 1875), the ecological significance of variation in
climbing behaviour at the species level has not received much
attention. Assuming that the present finding of enhanced
twining in vines induced by leaf damage is of general occurrence,
it may contribute to gain insights into the ecology and evolution
of climbing plants. For instance, it could help to explain popu-
lation recruitment in natural vine populations experiencing
very high pressure of insect herbivory, where phenological
escape linked with weather anomalies was thought to be the
only scenario for seedling survival ( Janzen, 1971). Vine species
account for up to 40% of species diversity in tropical forests
(Schnitzer & Bongers, 2002), and their dominance is increas-
ing (Phillips 

 

et al

 

., 2002). Furthermore, climbing plant taxa are
more diverse than their nonclimbing sister groups (Gianoli,
2004). Ecological explanations for this macroevolutionary
pattern have emphasized the ability of vines to exploit a broad
range of resource levels across the vertical gradient of light
availability (Gianoli, 2004). We could suggest that herbivory
might be an ecological factor promoting the evolution of a
climbing habit in plants.

 

Acknowledgements

 

We thank A.V. González for field assistance. Comments by
B.K. Cassels, W.L. Gonzáles, R. Karban and two anonymous
referees improved the manuscript. E.G. was supported by
MECESUP (UCO-9906) and FONDECYT (3990041,
1030702) during the development of this work.

 

References

Agrawal AA. 2000. Benefits and costs of induced plant defense for Lepidium 
virginicum (Brassicaceae). Ecology 81: 1804–1813.

Albrectsen BR, Gardfjell H, Orians CM, Murray B, Fritz RS. 2004. Slugs, 
willow seedlings and nutrient fertilization: intrinsic vigor inversely affects 
palatability. Oikos 105: 268–278.

Blechert S, Bockelmann M, Füßlein M, von Schrader T, Stelmach B, 
Niesel U, Weiler EW. 1999. Structure–activity analyses reveal the 
existence of two separate groups of active octadecanoids in elicitation of 
the tendril-coiling response of Bryonia dioica Jacq. Planta 207: 470–479.

Fig. 3. Growth rate and photosynthesis in control (white bars) and 
damaged (grey bars) plants of Convolvulus arvensis. Estimated growth 
rate (increase in stem length over 8 d; n = 10 plants) and photosynthetic 
capacity (mean carbon assimilation at day 7; n = 5 plants) of the 
glasshouse plants evaluated for twining rate (Fig. 2). Bars indicate 
mean ± SE.



Rapid report

© New Phytologist (2005) www.newphytologist.org New Phytologist (2005) 167: 385–390

Research 389

Brown AH. 1993. Circumnutations: from Darwin to space flights. Plant 
Physiology 101: 345–348.

Carter GA, Teramura AH. 1988. Vine photosynthesis and relationships to 
climbing mechanics in a forest understory. American Journal of Botany 75: 
1011–1018.

Creelman RA, Mullet JE. 1997. Biosynthesis and action of jasmonates in 
plants. Annual Review of Plant Physiology and Plant Molecular Biology 48: 
355–381.

Darwin CR. 1875. The Movements and Habits of Climbing Plants. London, 
UK: John Murray.

Falkenstein E, Groth B, Mithöfer A, Weiler EW. 1991. Methyl jasmonate 
and α-linolenic acid are potent inducers of tendril coiling. Planta 185: 
316–322.

Gianoli E. 2001. Lack of differential plasticity to shading of internodes and 
petioles with growth habit in Convolvulus arvensis (Convolvulaceae). 
International Journal of Plant Sciences 162: 1247–1252.

Gianoli E. 2003. Phenotypic responses of the twining vine Ipomoea purpurea 
(Convolvulaceae) to physical support availability in sun and shade. Plant 
Ecology 165: 21–26.

Gianoli E. 2004. Evolution of a climbing habit promotes diversification in 
flowering plants. Proceedings of the Royal Society of London, B 271: 2011–
2015.

Janzen DH. 1971. Escape of juvenile Dioclea megacarpa (Leguminosae) vines 
from predators in a deciduous tropical forest. American Naturalist 105: 
97–112.

Karban R, Baldwin IT. 1997. Induced Responses to Herbivory. Chicago, IL, 
USA: University of Chicago Press.

Karban R, Nagasaka K. 2004. Are defenses of wild radish populations well 
matched with variability and predictability of herbivory? Evolutionary 
Ecology 18: 283–301.

Karban R, Baldwin IT, Baxter KJ, Laue G, Felton GW. 2000. 
Communication between plants: induced resistance in wild tobacco plants 
following clipping of neighboring sagebrush. Oecologia 125: 66–71.

Larson KC. 2000. Circumnutation behavior of an exotic honeysuckle vine 
and its native congener: influence on clonal mobility. American Journal of 
Botany 87: 533–538.

Lee DW. 1988. Simulating forest shade to study the developmental ecology 
of tropical plants: juvenile growth in three vines in India. Journal of Tropical 
Ecology 4: 281–292.

Lehtilä K, Boalt E. 2004. The use and usefulness of artificial herbivory in 
plant–herbivore studies. In: Weisser WW, Siemann E, eds. Insects and 
Ecosystem Function. Ecological Studies 173. Heidelberg, Germany: 
Springer, 257–276.

Lentz KA, Cipollini DF. 1998. Effect of light and simulated herbivory on 

growth of endangered northeastern bulrush, Scirpus ancistrochaetus 
Schuyler. Plant Ecology 139: 125–131.

Mabry CM, Wayne PW. 1997. Defoliation of the annual herb Abutilon 
theophrasti: mechanisms underlying reproductive compensation. Oecologia 
111: 225–232.

Nowak RS, Caldwell MM. 1984. A test of compensatory photosynthesis in 
the field: implications for herbivory tolerance. Oecologia 61: 311–318.

Peñalosa J. 1982. Morphological specialization and attachment success in 
two twining lianas. American Journal of Botany 69: 1043–1045.

Peñalosa J. 1983. Shoot dynamics and adaptive morphology of Ipomoea 
phillomega (Vell.) House (Convolvulaceae), a tropical rainforest liana. 
Annals of Botany 52: 737–754.

Phillips OL, Martinez RV, Arroyo L, Baker TR, Killeen T, Lewis SL, Malhi Y, 
Mendoza AM, Neill D, Vargas PN, Alexiades M, Ceron C, Di Fiore A, 
Erwin T, Jardim A, Palacios W, Saldias M, Vinceti B. 2002. Increasing 
dominance of large lianas in Amazonian forests. Nature 418: 770–774.

Putz FE. 1984. The natural history of lianas on Barro Colorado Island, 
Panama. Ecology 65: 1713–1724.

Putz FE, Holbrook NM. 1991. Biomechanical studies of vines. In: Putz FE, 
Mooney HA, eds. The Biology of Vines. Cambridge, UK: Cambridge 
University Press, 73–97.

Ray TS. 1992. Foraging behaviour in tropical herbaceous climbers (Araceae). 
Journal of Ecology 80: 189–203.

Rosenthal SS, Hostettler N. 1980. Galeruca rufa (Col. Chrysomelidae) 
seasonal life history and the effect of its defoliation on its host plant, 
Convolvulus arvensis (Convolvulaceae). Entomophaga 25: 381–388.

Schnitzer SA, Bongers F. 2002. The ecology of lianas and their role in 
forests. Trends in Ecology and Evolution 17: 223–230.

Silk WH. 1989. On the curving and twining of stems. Environmental and 
Experimental Botany 29: 95–99.

Silk WH, Hubbard M. 1991. Axial forces and normal distributed loads in 
twining stems of morning glory. Journal of Biomechanics 24: 599–606.

Strauss SY, Agrawal AA. 1999. Ecology and evolution of plant tolerance to 
herbivory. Trends in Ecology and Evolution 14: 179–185.

Trumble JT, Kolodny-Hirsch DM, Ting IP. 1993. Plant compensation for 
arthropod herbivory. Annual Review of Entomology 38: 93–119.

Weaver SE, Riley WR. 1982. The biology of Canadian weeds. 53. 
Convolvulus arvensis L. Canadian Journal of Plant Sciences 62: 461–472.

Weiler EW, Albrecht T, Groth B, Xia ZQ, Luxem M, Liss H, Andert L, 
Spengler P. 1993. Evidence for the involvement of jasmonates and their 
octadecanoid precursors in the tendril coiling response of Bryonia dioica. 
Phytochemistry 32: 591–600.

Woledge J. 1977. The effects of shading and cutting treatments on the 
photosynthetic rate of ryegrass leaves. Annals of Botany 41: 1279–1286.



Rapid report

New Phytologist (2005) 167: 385–390 www.newphytologist.org © New Phytologist (2005)

Research390

About New Phytologist

• New Phytologist is owned by a non-profit-making charitable trust dedicated to the promotion of plant science, facilitating projects
from symposia to open access for our Tansley reviews. Complete information is available at www.newphytologist.org.

• Regular papers, Letters, Research reviews, Rapid reports and both Modelling/Theory and Methods papers are encouraged.
We are committed to rapid processing, from online submission through to publication ‘as-ready’ via OnlineEarly – the 2004 average
submission to decision time was just 30 days. Online-only colour is free, and essential print colour costs will be met if necessary.
We also provide 25 offprints as well as a PDF for each article.

• For online summaries and ToC alerts, go to the website and click on ‘Journal online’. You can take out a personal subscription to
the journal for a fraction of the institutional price. Rates start at £109 in Europe/$202 in the USA & Canada for the online edition
(click on ‘Subscribe’ at the website).

• If you have any questions, do get in touch with Central Office (newphytol@lancaster.ac.uk; tel +44 1524 592918) or, for a local
contact in North America, the US Office (newphytol@ornl.gov; tel +1 865 576 5261).


