Advantages of Clonal Growth in Heterogeneous Habitats: An Experiment
with Potentilla Simplex

Dushyantha K. Wijesinghe; Steven N. Handel
The Journal of Ecology, Vol. 82, No. 3 (Sep., 1994), 495-502.

Stable URL:
http://links.jstor.org/sici 7s1ci=0022-0477%28199409%298 2% 3 A3%3C495%3AA0CCGIH%3E2.0.CO%3B2-7

The Journal of Ecology 1s currently published by British Ecological Society.

Your use of the ISTOR archive indicates your acceptance of ISTOR’s Terms and Conditions of Use, available at
http://www.jstor.org/about/terms.html. ISTOR's Terms and Conditions of Use provides, in part, that unless you
have obtained prior permission, you may not download an entire issue of a journal or multiple copies of articles, and
you may use content in the ISTOR archive only for your personal, non-commercial use.

Please contact the publisher regarding any further use of this work. Publisher contact information may be obtained at
http:/fwww jstor.org/journals/briteco.html.

Each copy of any part of a ISTOR transmission must contain the same copyright notice that appears on the screen or
printed page of such transtnission.

ISTOR is an independent not-for-profit organization dedicated to creating and preserving a digital archive of
scholarly journals. For more information regarding ISTOR, please contact support@jstor.org.

http://www jstor.org/
Mon Tun 20 16:37:50 2005



Jaurnal of
Ecalogy 1994,
82, 495-502

495

Advantages of clonal growth in heterogeneous habitats:
an experiment with Potentilla simplex
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Summary

1 The ability to share resources between modules {ramets) is considered (o be a benefit
of the clonal growth habit. This type of physiological integration may buffer the entire
clone against locally adverse conditions resulting from the patchy distribution of
resources. The hypothesis that physiological integration is most advantageous in a
heterogencous habitat was tested using the clonal, perennial species Potentilla simplex
{Rosaceae).

2 Five artificial habitat types differing in nutrient status were constructed in the
glasshouse and the performance of intact and disconnected clones (clones in which
all ramets were severed from each other following the establishment of roots) growing
in them was compared. The habitat types ranged from homogeneously poor via three
levels of spatial heterogeneity in nutrient supply to homogeneously rich.

3 Intact clones growing in the heterogeneous habitats weighed significantly more
than their disconnected counterparts, supporting the hypothesis. The benefits of
resource sharing were enhanced with increasing patchiness of the habitat. No differ-
ences in biomass between intact and disconnected clones appeared in the homo-
geneous settings.

4 Parent ramets supported their offspring at a large cost in biomass to themselves,
but the offspring ramets benefited from clonal integration irrespective of the quality
of the patches they occupied.

5 Across all habitats, intact stolons elongated more than the severed ones. This
increased mobility of intact clones implies that clonal integration may allow this
species to escape from unfavourable patches. The enhanced performance of connected
ramets rooted in rich patches shows that clonal integration also enables clones to
exploit resource-rich microhabitats, thereby maximising foraging ability and resource
acquisition, particularly when resources are distributed in patches.

6 The cumulative effects of parent and offspring biomass and offspring ramet number
appear to explain the trend in performance of intact and disconnected clones observed
in the homogeneous and heterogeneous habitats,
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Introduction

One of the advantages of clonal growth is the ability
it confers on the organism to colonise and exploit a
habitat rapidly (Silander 1985). Grime ([977) recog-
nized the ahility to maximise resource capture as an
important characteristic of highly competitive plants.

*Present Address: School of Biological Sciences, University
of Sussex, Falmer, Brighton, Sussex BN1 9QG, UK. Tel.
0273 606 755 » 2761, Fax (273 678 433,

In modular, clonal organisms this ability may be
enhanced by the physiological integration of modules
(ramets) making up the clone. Physiological inte-
gration, ar the sharing of resources between ramets,
is considered to be of particular benefit when
resources ate distributed in discrete patches within the
habitat {Cook 1983; Harper 1985; Pitelka & Ashmun
1985; Hutchings & Bradbury 1986). A number of
studies {e.g. Noble & Marshall 1983; Salzman &
Parker 1985; Slade & Hutchings 1987a; Abrahamson
et al. 1991; Chapman et o!. 1992) have shown that in
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clanal plants nutrients and photosynthates can be
redistributed from ramets growing in favourable pat-
ches to those growing in poor patches. This may be
true of clonal animals as well {Crowell 1957, Rees et
al. 1970; Best & Thorpe 1985). This type of physio-
logical integration is thought in some cases to buffer
the entire clone against adverse effects resulting from
spatial and temporal changes in the quality of a habi-
tat (Hartnett & Bazzaz [983; Pitelka & Ashmun 1985;
Hutchings & Bradbury 1986).

Patchiness or heterogeneity of the habitat arises
due to the uneven distribution of environmental fea-
tures impinging on the organism (e.g. soil quality,
topography, temperature, light, food, enemies, eic.}.
Levin & Paine ([974) and Wiens (1976) defined a
patch as a discontinuity in a particular environmental
character state within a homogeneous reference back-
ground. The extent of heterogeneity may vary depend-
ing on two factors; patch size and the relative quality
differences between patches (Gillespie 1974). When a
habitat consists of patches of very different sizes the
arganism may perceive it as less heterogeneous than
when the patches are more equal in size. Similarly,
when the discrepancy in the quality of adjacent pat-
ches is large, the habitat may be seen as more het-
erogeneous. The habitat will approach homogeneity
when patches become less and less equal in size and
more and more similar in quality (Gillespie 1974},

The present study attempted to extend the under-
standing of the ecological importance of clonal inte-
gration in heterogeneous habitats. The hypaothesis
that clonal integration is most advantageous in a het-
erogeneous habitat was tested by comparing the per-
formance of intact and disconnected clones of the
perennial herb Potenrilla simplex growing in arti-
ficially constructed heterogeneous and homogeneons
habitats. In this experiment, heterogeneity arose as a
result of differences in patch size rather than dis-
crepancy in patch quality. All heterogeneous habitats
consisted of only twa types of patches, nutritionally
poor or rich.

The hypothesis tested predicts that for the entire
clone:

L if clonal integration improves performance in all
habitats, then internode severing should reduce
biomass in the disconnected clones in all experimental
habitats;

2 if clonal integration is more advantageous in het-
erogeneous hahitats than in homogeneous habitats,
then clone biomass should be reduced more by sever-
ing as heterogeneity increases, with the magnitude of
the reduction the highest in the most heterogeneous
habitat. '

Materials and methods

Porentitla simplex Michx. (Rosaceae) is a perennial
herb native to eastern North America and is com-
monly found in pastures and old fields. Qver-win-

tering rosettes of leaves of P. simplex begin growth in
early spring by producing above-ground stolons. The
internode connections between ramets remain intact
throughout the growing season and shrivel during
winter, as do unrooted ramets. Rooted ramets, bath
parents and offspring, are long-lived, persisting for
more than four seasons (Wijesinghe 1993). P. simplex
ramets rooted in nutrient-rich environments share
resources with connected ramets growing in nutrient-
poor environmenis, resulting in an increase in size
and a greater production of secondary stolons and
ramets by the recipient ramet (Wijesinghe 1993).
Nutrient movement s mainly acropetal, from older
to younger ramets within a single stolon, with some
basipetal movement also occurring. By the sixth week
of growth ramets can be completely independent,
showing no adverse effects on growth when separated
from their parent ramets (Wijesinghe 19%4). In this
species, clonal integration seems t¢ be particularly
important at the establishment stage of individual
ramets (cf. Hartnett & Bazzaz 1983, Noble & Mar-
shall 1983).

In June 1991, five habitat types were constructed
in the glasshouse, ranging from homogeneously poor
to highly heterogeneaus to homogeneously rich. Each
habitat type, replicated 20 times, consisted of 48 sand-
filled 5.7 cm square plastic pots arranged in the shape
of a cross (Fig. 1). Spatial heterogeneity was achieved
by giving a nutrient solution to randomly-selected
individual pots within these arrays, so that the result-
ing habitat contained nutrient-enriched and nutrient-
poor patches in different proportions and sizes. Three
of the habitats were heterogeneous, with 25, 50 and
75% of the pots given nutrients. The other two habi-
tats were homogeneously rich (all pots given nutri-
ents) or homogeneously poor {none given nutrients).
The central pot containing the parent ramet was given
L0 mL of a nutrient solution (Peters General Purpose
Fertilizer 20:20:20, 20% N, P and K) in all five habitat
types. The nutrient-enriched smaller pots received 2.5
mL of the solution once a week. All the pots in both
fertility levels were watered every day. The patches in
the maost heterogeneous habitat were smaller, con-
sisting of four contiguous pots or less, whereas pat-
ches in the two intermediate habitats contained as
many as seven contiguous pots with the same fertility
level (Table 1). In the 50%-enriched habitat 59% of
the patches were of the smallest size, consisting of
only one pot, whereas in the 25%- and 75%-enriched
habitats not more than 38% of the patches were of
this size. Therefore, the contrast in patch size was
greater in the intermediate habitats, and this was
reflected in the higher coefficients of variation for
paich size for these two habitats {Table 1). Therefore,
according to the definition of Gillespie (1974) the two
intermediate habitats should be more homogeneous
than the habitat in which 50% of the pots were nutei-
ent-enriched. A clone growing throughout the maost
heterogeneous habitat encountered more changes in
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Pot with nutrients

D Pot without nutrients

Fig. 1 Arrangement of pots in the most heterogeneous of the five habitats constructed in the glasshouse. In this habitat 50%
of the pots were given a nutrient solution. The central circle represents the nutrient-enriched pot containing the parent ramet.
Fach square represents a pot, with (hatched) or without {open) nutrients, where an offspring ramet may root. Other habitats
differed in the proportion of pots given nutrients and, consequently, the sizes of nutrient-rich and nutrient-poor patches.

patch type than clones growing in either of the two
intermediately heterogencous habitats. The frequency
of patch changes was higher in the 50%-enriched
habitat (Table [).

Five genotypes of P. simplex were used and, each
was replicated four times within each habitat type.
They were collected from natural populations occur-
ring in old fields at the Hutcheson Memorial Forest
in Easi Millstone, Somerset County, New Jersey,
USA, and propagated in the glasshouse. Each rep-
licate was started as a two-leafed single-ramet plant
in the central pot. Each of the first four stolons pro-
duced by the parent ramet was anchored to a different
arm of the cross by pinning down ramets as they
reached the first pot and then each successive pot in

an arm. Any further primary stolons produced were
removed immediately after initiation. In half the rep-
licates of each habitat type, each ramet was dis-
connected from its neighbours 10 days after it had
been anchored. Ramets were therefore disconnected
at a time when they were still largely dependent on
their neighbours for resources but had initiated at
least some roots. Secondary stolons produced by the
anchored ramets were not allowed to root and were
left trailing from the pots. Five months later, at the
cessation of new growth, both above- and below-
ground parts of all 100 clones were harvested and
each individual ramet (with its roots and associated
internode and secondary stolons) was dried separately
in an oven to a constant weight. The number of arms

Tablel Number and size of patches and the frequency of patch changes within each experimental habitat. For the homao-
geneous habitats pateh number corresponds to the number of arms (each habitat consisted of four arms radiating from the
pat containing the parent ramet, Fig. ). Patch size is defined as the number of contiguous pots receiving the same nutrient
treatment. Frequency of patch changes was caleulated as the number of times patch type echanged as a stolon grew along an
arm aver the total number of pots visited, beginning at the first pot. The number reported is the mean value for all four arms

Patch size

Patch Frequency of
Habitat no. meart 8D range cv patch changes
Homogeneously poor 4 12.00 0 12 0 4]
25% nutrient-enriched 21 2.28 .62 1-6 71 (.39
50% nutrient-enriched 27 1.78 112 1-4 a3 .52
75% nutrient-enriched 19 2.53 181 1-7 72 (.34
Homogeneously rich 4 12.00 0 12 0 0
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and pots occupied by each clone was recorded prior
ta harvest,

STATISTICAL ANALYSES

To test the hypothesis that clonal integration is most
advantageous in a heterogencous habitat the total
biomass (dry weight of bath above- and below-
ground parts) of each clone was compared between
habitat types and between intact and severed repli-
cates. A fixed-model two-way aNova was performed
on clone weights with habitat type and presence or
absence of ramet connections as the main effects.

In addition, a two-factor aNOva was performed to
detect whether the weights of parent and offspring
ramets of intact and disconnected clones differed in
the various habitats. The weight of the parent ramet
(i.e. the initial ramet from which the whole clone grew)
and the mean weight of all other (offspring} ramets,
were used as the two variates in each replicate in
the analysis. A discriminant function analysis was
performed to identify whether it was the parent or
offspring ramets that contributed the most to the
differences between treatments.

The influence of clonal integration on the growth
of individual offspring ramets in different quality pat-
ches was tested by separating the ramets growing in
nutrient-enriched and nutrient-poor pots into two
groups and analysing each group separately. A fixed-
model two-way ANOvVA was performed on mean ramet
weight of each replicate across all habitats.

A two-way anNova was performed on the pro-
portion of arms within a habitat occupied by each
clane across all habitats. An additional two-way
aNova was performed to detect differences between
treatments in the proportion of pots occupied by a
stolon within each arm. In both cases data were angu-
lar-transformed prior to the analysis. These analyses
should reveal the extent of primary stolon growth and
ramet production, and the extent of [ateral growth of
clones in each treatment.

Results

THE PERFORMANCE OF CLONES

The two-way ANOVA testing the hypothesis that clonal
integration is most advantageous in a heterogeneous
habitat indicated that both main effects (habitat type,
Fig = 115,65, P =0.0001; presence or absence of
ramet connections, F| g = 12.3%, P = 0.0007) and the
interaction effect (habitat type times presence or
absence of ramet connections, Fyo =4.17,
P =0.0038) were highly significant. Disconnected
clones weighed significantly less than intact clones.
However, this depression in mean weight was seen
only in the heterogeneoaus environments and was mast

marked in the patchiest habitat (Fig. 2). In this habi-
tat, the disconnected clones weighed 35% less than
the intact clones, whereas the depression in weight
was less in the intermediately heterogeneous habitats
(6 and 16% for the 25 and 75% enriched habitats,
respectively). In contrast, in the spatially homo-
geneous habitats {0 or 100% of the pots with nutri-
ents) the mean weights of intact and disconnected
clones were almost identical (Fig. 2}.

THE PERFORMANCE OF INDIVIDUAL RAMETS

The discriminant function analysis of parent and off-
spring ramet weights revealed that the significant
differences in ramet performance in the five habitat
types were largely due to the offspring (detected by the
maNova, Wilks' Lambda: F ,, = 40.43, P = 0.0001,
Table2; Fig.3a,b). This indicates that the parent
ramets’ growth was independent of the type of hahitat
in which their offspring were rooted. Both the parents

40«

0 4

—9%— [akact clones

104 —=— Disconnected clones

Mean clone weight {g)

0 T T T T T

0 25 50 75 100
% pots given nutrients

Fig.2 Mean weights of clones (with standard ercors) of
Potentilla simplex, when ramets were connected to their
neighbours and when ramets were disconnected from one
another, across all habitats. The habitats are identified on
the horizontal axis by the percentage of nutrient-enriched
pots they contained. The two homegeneous habitats (0 and
100% of the pots given nutrients) flank the three het-
erogeneous habitat types (50% of the pots with nutrients
being the most heterogeneous).

Table?2 Discriminant function analysis for the differences
in performance of connected and disconnected parent and
offspring ramets growing in the five habitat types. Dis-
criminant function coefficients and the correlations between
discriminant funetion scores and ramet weijght (weight of
parent and mean weight of offspring) are given. Variables
contributing most to differences between treatments can be
identified by this analysis. A higher correlation signifies a
relatively larger contribution

Cantrast / Ramet type Caefficient Correlation
Habitat
Parent -0.01674 -0.36
Offspring 1.07357 .99
Connections
Parent 0.16874 0.87
Offspring -0.50299 -0.73
Habitat x connections
Parent 0.04722 -0.12
Qffspring 1.03094 0.98
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Fig.3 Mean weights of parent (2} and offspring ramets (b)
with standard errors, in intact and disconnected clones
across all habitat types. Parent ramets in all habitats were
rooted in nutrient-enriched pots. The habitats are identified
on the horizontal axis as in Fig. 2.

and the offspring contributed to the differences in
performance of intact and disconnected clones {Wilks’
Lambda: Fog = 20967, P =0.0001; Table2,
Fig. 3a,b). The parental response was completely the
opposite of that of the offspring. Parents severed from
their offspring weighed more than three times as much
as the connected parents (2.9 g vs. 0.84 g [mean
weights pooled across habitats]), implying that the
parents supported their offspring at a cost to them-
selves. On the other hand, the offspring ramets
weighed more when connected to the parent ramets
{Table2, Fig. 3b). Only the offspring contributed to
the significance detected for the interaction term
(Wilks' Lambda: Fy 55 = 3.49, P = 0.0009; Table 2).

Offspring ramets connected to their neighbours
weighed significantly more than disconnected ramets
across all habitat types irrespective of the quality of
the patches they occupied (Table3). The two-way
ANOVA revealed a significant habitat times presence or
absence of ramet conpnections interaction
(Fy7=21.01, P =0.0001; Table3) for the ramets
graowing in poar patches but no significant effect was
seert for the ramets growing in rich patches. The rela-
tive weights of disconnected and connected ramets
(computed as the ratic between the weights of these
two types of ramets) growing in poor patches indi-
cated a sharp increase in the discrepancy in weight
between these ramets when the percentage of nutrient-

Table3 Analyses of variance of the performance of off-
spring ramets, growing in poor and rich patches, of intact
and disconnected clones. Mean ramet weight of each rep-
licate was used. Only four habitat types were used in each
analysis since the homogeneously rich habitat did not have
poar patches and the hamogeneously poar habitat did not
have rich patches

Sum of
Source d.f squares F P

Ramets in poor patches

Habitat 3 0.028 6.34  Q.0007
Connections 1 0336 24107 0.0001
Habitat = connections 3 (.088 21.01 (.0001
Error 72 0.100
Ramets in rich patches
Habitat 1 L5 20.74  0.0001
Conmnections 1 1.033 40.93  0.0001
Habitat x connections 3 0.080 1.06 0.3705
Errar 72 L8117

enriched pots increased from 0 to 25, and a subsequent
levelling-off (Fig.4). Such a response across habitat
types was not observed for ramets growing in rich
patches; in this case the relative weights were similar
in all habitats (Fig. 4).

STOLON GROWTH

In all habitats, disconnected clones occupied sig-
nificantly more arms than intact clones. Thus dis-
connected parent ramets produced more primary sto-
lons than the parent ramets still attached to their
offspring (ANGVA for the proportion of arms occupied:
habitat type, Fiq = 1.25, P =0.2961; presence or
absence of ramet connections, F) = 44.94,
P = 0.0001; habitat by presence or absence of con-
nections, F, 4 = 0.50, P = 0.7354; Fig. 5a}). In almost
all intact clones, primary stolons cecupied all the pots
on a single arm. In contrast, for disconnected clones,
the primary stolons occupied only a fraction of the
pots forming an arm {aNova for the proportion of

1.0
¥ o09J
[a}] -
T 084
=
g 0.7+ ===#—  Ramets in fich patches
.‘ta 0.6 ° Ramets in poor patches
B
c 054
8 o4
E E \{
0.3 r T r .
0 25 50 75 100

% pots given nutrients

Fig. 4 Mean relative weights (with standard errors) of off-
spring ramets in rich and poor patches across all habitats.
Relative weight was calculated as the ratio between dis-
connected and connected ramets in each habitat.



500
Advantages of
clonal growth

{a)

Number
©

o

2

=

3

Fat

o

a
0.6 § “—®— Intact clanes

w--#— Disconnected clonas
05 T T T -
4] 25 80 75 100

% pots given nutrients

Fig.5 Spread of intact and disconnected clanes through the
five habitats. (2) Mean number of arms within a habitat
accupied by clones {each habitat cansisted of four arms,
Fig. 1}. This number correspands to the number of primary
stalens rooted in each habitat. (b) Mean proportion of pots
camprising an arm occupied by stolons {each arm cansisted
of 12 pats, Fig. 1.

pots on an arm occupied by a stelon: habitat type,
Fiq0=20.54, P =0.0001; presence or absence of
ramet connections, Fy 4 = 728.85, P = 0.0001; habi-
tat by presence or absence of connections,
Fyq0 = 21.01, P = 0.0001; Fig. 5b). These results indi-
cate that each of the intact primary stolons produced
more ramets than the disconnected stolons, in all
habitat types. However, the discannected primary sto-
lons tended to produce increasingly more ramets as
the quality of their habitat improved {Fig. 5b).

Discussion

The results of this study show that clenal integration
is a benefit to the entire clone only when it occupies a
heterogeneous habitat, and is most advantageous in
the patchiest habitat. Severing of internode con-
nections did not reduce the total biomass of dis-
connected clones in all habitats, contrary to the first
prediction. Only those clones growing in het-
erogeneous habitats showed a depression in total
weight. The reduction was highest in the most het-
erogenecus habitat, in accordance with the second
prediction. The benefits of resource sharing increased
with increasing patchiness of the habitat, dem-
onstrating that clones of P. simplex clearly responded
to the degree of heterogencity of their environments,

For individual effspring ramets, clonal integration

is a benefit in all habitat types, implying that for
the initial establishment of ramets support from the
parent and neighbouring ramets may always be
necessary (Fig. 3). The discrepancy in weight between
disconnected and connected offspring reoted in poor
patches showed a sharp increase from homogeneous
to heterogeneous habitats, indicating that connected
ramets derived increasingly more benefits with an
increase in the percentage of their siblings which were
rooted in rich patches (Fig. 4). Conversely, there did
not seem to be costs associated with the transfer of
resources from ramets rooted in rich patches to those
roated in poor patches, as there was no difference in
relative weight of the former when the percentage of
the latter increased (Fig. 4}. However, costs may not
be incurred by ramets when they are rooted in patches
that are as well enriched as in this experiment.
Additional treatments, where rich patches are less
favourable might disclose a threshold where transfer
of resources is detrimental to the source ramet. This
would represent a test of a different type of het-
erogeneity, in which patches are more uniform in
quality. Such effects are predicted by Eriksson & Jer-
ling {1990} and Caraco & Kelly (1991).

In contrast, clonal integration is a disadvantage
for the parent ramets in all habitat types. These ramets
subsidised their offspring at a large cost to themselves.
These costs did not seem to diminish when the habitat
the offspring eceupied became more favourable. A
mechanistic explanation for the pattern shown by the
parent ramets is that the growing tips of the stolons
act as strong sinks drawing resources from these
ramets (Chapman e of. 1992). An alternative expla-
nation is that the parents invest in a strategy of bet-
hedging to reduce the potential losses to the entire
clone. P. simplex shows a guerrilla-type growth pat-
tern as defined by Lovett Doust (1981). Ramets are
widely spaced on stolons, and, in natural pepulations
offspring ramets root away (more than 50 cm) from
the immediate local environment of the parent ramet
(Wijesinghe 1993). Therefore, the first two contiguous
roated ramets {the parent and the first rooted ramet)
can potentially encounter two very different mic-
rohabitats. The strategy of the parents may be to
support their offspring until they become inde-
pendent, whether or not the offspring are located in
favourable patches. However, this strategy may be
madified according to the quality of the microhabitat
which the parent occupies. In this study all parent
ramets were rooted in  nutrient-enriched pots.
However, Caraco & Kelly (1991) predict that det-
rimental temporal changes within the parental
environment could force the parent to abandon
dependent offspring before they become fully self-
sufficient. The results frem the analyses an lateral
growth further confirm that parents support their off-
spring at a cost to themselves. Parents disconnected
from their offspring not only weighed more than
attached parents, but also preduced more primary
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stolons, implying that resource-sharing by these
ramets occurs at the additional cost of depressed
clonal growth (Fig. 5a). The increased production of
primary stolons could also have been caused by the
release of axillary buds from apical dominance.

In all habitats intact stolons grew longer and pro-
duced more ramets than disconnected stolons.
Altheugh more primary stolons were produced by the
disconnected clones, they were shorter, and consisted
of fewer ramets than their intact counterparts. There-
fore, intact stolons have the potential to explore a
wider area. This is particularly important in unfavour-
able habitats {e.g. the homogeneously poor and het-
erogeneous habitats of the present experiment), where
physiclogically integrated ramets may enable clones
to escape from poor patches.

Whole-clone responses to habitat heterogeneity
can be explained by the cumulative effect of parent
ramet performance, offspring ramet (primary ramet)
performance and offspring ramet number. Both intact
and disconnected clones occupied similar numbers of
pots within each habitat. However, individual off-
spring ramets weighed more in intact clones than in
disconnected clones, implying that connected off-
spring ramets may have been larger and/or produced
more secondary stolons.

Branching and lateral spread of clonal plants can
be thought of as a way of sampling the heterogeneous
habitat (Bell 1984). When ramets of many species
take root in favourable patches they begin producing
branches and proliferating in these areas (Noble &
Marshall 1983; Salzman 1985; Slade & Hutchings
1987a,b,¢; Evans [988; Chapman et af. 1992). Under
low resource supply branches tend to move away from
the unfavourable site into potentially more positive
microsites. Hutchings (1988) referred to these specific
responses to resource availability as a form of forag-
ing, whereby the plant forages intensively in sites of
ample resources and extensively in sites of scarce
resources. Because of shorter primary stolons, the
disconnected P. simplex clones growing in het-
erogeneous habitats were less able to move out of
unfavourable patches and proliferate in favourable
patches.

The data presented here show an advantage for
clonal integration in an experimental setting where
the scale of habitat heterogeneity is measured in centi-
metres. Such small scale patterns are known from
natural communities where clonal plants are
common. Lechowicz & Bell (1991) have shown that
variations in nutrient availability to understorey herbs
in deciduous forests can be detected at a scale of 10
cm. Heterogeneity in leaf cover on a scale of |-cm?
units was responsible for the differential establishment
of seedlings in a chalk grassland (Silvertown 1981).
Neighbour interactions can vary at extremely small
scales in pastures (Turkington & Harper 1979; Tur-
kington et af. 1991). The integrated response of ramets
can buffer clones against all these sources of habitat

heterogeneity (availability of nitrogen — Evans 1991;
shade - Slade & Hutchings 1987h; neighbour density —
Eriksson 1986; neighbour identity — Turkington et «f.
1991).

All habitats are heterogeneous at some scale. As
we hetter understand the behaviour of different clonal
species in response to the level of heterogeneity they
experience, we will be able to distinguish the eco-
logical forces which have moulded their mor-
phological and demographic responses to environ-
mental patchiness. Under what habitat conditions
should a clone behave as an integrated entity? When
should ramets behave independently? The particular
pattern of clonal integration shown by P. simplex
may reinforce the ability of this species to exploit a
heterogeneous habitat more efficiently. The acropetal
movement of resources supplies the actively growing
stolon tip at the critical time of ramet establishment
(Wijesinghe, 1994). Pitelka & Ashmun (1983) sug-
gested that this integration pattern would be typical
of clonal species with an exploratary growth habit
and allow a clone better to exploit a spatially and
temporally patchy environment. However, complete
integration may increase the residence time of ramets
in unfavourable patches {de Kroon & Schieving 1999;
Hutchings & Mogie [990} and decrease the speed
at which clone segments ramify within favourable
micrchabitats {Hutchings & Mogie 1990) Conse-
quently, such a high level of integration may compro-
mise the performance of the entire clone.

The results of this study show that resource move-
ment between ramets enables clones to thrive in highly
heterogenecus habitats. The integrated response of
ramets not only enables an escape from adverse con-
ditions but also exploitation of favourable conditions.
This highly plastic behaviour of clonal plants may
allow them to maximise resource acquisition in a het-
erogeneous habitat. In this way the movement and
development of integrated clones become translated
into a method for garnering space and critical
resourees.
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