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ABSTRACT

Intraspecific variability of the traits is usually less than interspecific, but directions
of inter- and intraspecific variation along environmental gradients are not well
studied. For 17 alpine species we test a hypothesis that the direction of intraspe-
cific variation in leaf traits among different communities along an environmental
gradient coincides consistently with community weighted mean (CWM) trait varia-
tion at the community level along the same gradient. We obtained two groups of
leaf traits according to their response to CWM and topographic (snow %ep and
snow melt) gradients. For leaf mass and area intraspecific variation corresponded
to CWM variation among communities. SLLA, water content and leaf thickness
patterns within species changed directly among communities according to the
toposequence (snowmelt gradient). These results are well expressed for forbs, but
mostly they were not significant for graminoids. For leaf area we obtained op-
Eosite response of forbs and graminoids to snowmelt gradient. Forbs increased,

ut graminoids decreased leaf area when snow depth increased. Intraspecific trait
variation across natural gradients does not necessarily follow that for interspecific
or community-level vatiation.

Keywords: leaf functional traits, alpine plant communities, specific leaf area, com-
munity weighted mean, Caucasus

PE3IOME

Onwurruenxo B.I'., Poxxuna A.O., CMI/IEHOB B.9., AxmemxanoBa A.A., Eayme-
esa T.I'., Xy6uesa O.I1., Ayaosa K.B., Cyasusosckas H.A., Kopueanccen
X.I'. CoraacyroTcs AM BHYTPUBHAOBAA U3MEHUYNBOCTh U CPEAHEB3BEIIICH-
HbIE 3HAYCHUA IIPU3HAKOB AMCTA B COO0IIIeCTBE (HA IPUMEPe AABIHHACKHIX
pacrenuit)? BuyrpuBuaoBoe BAPbUPOBAHHICE IIPH3HAKOB, KAK IPABHAO, MCHBIIIE,
YeM MEKBHAOBOE, OAHAKO HAITPABACHIA MC/K- M BHYTPHUBHAOBOIO BAPbUPOBAHIA
10 TPAAMEHTAM CPEABI M3YUCHBI HEAOCTATOUHO. AAfl 17 aABIIMIICKIX BHAOB MBI
IPOBEPHAH THIIOTE3Y O TOM, YTO HAIPABACHHE BHYTPHUBHAOBON M3MEHIHBOCTI
110 IIPU3HAKAM AHCTA MEKAY PA3HBIMU COODIIECTBAME ITO TPAAUECHTY CPEABI 110~
CAGAOBATEABHO COBITAAACT CO CPEAHEB3BEIIICHHBIMU 3HAYCHUAMH IIPU3HAKOB B
coobrmecrsax (CWM) 1o Tomy ke rpaaneHTy. Mbl BHACAHAN ABE TPYIIITBI ITPH-
3HAKOB AMICTA HA OCHOBE BBIABACHHBIX cBAserr ¢ CWM u TonorpacAHHqCCKHMH (ray-
OMHa CHEKHOIO ITOKPOBA U BPEMA CXOAQ CHEIa) IPAAMEHTAME. AAA MACCBI AHCTA
W €ro ITAOIIAAM BHYTPUBHAOBOE BAPHHPOBAHIE COOTBETCTBYET BAPHUPOBAHIIO
CWM cpean coobrmect. Y ACABHAS AUCTOBAS IIOBEPXHOCT, OOBOAHEHHOCTD AU-
CTa M €ro TOAIIMHA BHYTPU BHAOB HM3MEHAIOTCA B COOTBETCTBUU C PACIIOAOKE-
HHEM COODIIECTB HA CKAOHE (IPAAMEHT BPEMEHH CHETOTAAHHSA). DTH PE3YABTATHL
XOPOIIIO BRIPAKEHDBI AAl BHAOB PA3HOTPABBA, HO B OOABIIMHCTBE CAYIACB HE 3HA-
YHMBI AASl 3AAKOBBIX. AAf ITAOIIAAN AMCTA MBI IIOKA32AH ITIPOTUBOIIOAOKHYIO Pe-
AKITHIO 9TUX ABYX IPYIII (PA3HOTPABBE M 3AAKH) TI0 IPAAHEHTY CHETOHAKOIIACHHA.
[TAomaAp AHCTA y BHAOB Pa3HOTPABbS YBEAHUHBACTCA, 4 3AAKOB YMEHBIIACTCA
ITPH YBEAMHYEHHUI IAYOHHBI CHEKHOIO TIOKPOBA. Takum 0Opasom, BHYTPHBUAOBOE
BAPBbUPOBAHUE IIPU3HAKOB 110 ECTECTBEHHBIM IPAAUECHTAM HE O0A3aTEABHO COrAa-
Cyercs C H3MEHYHBOCTBIO MEKBUAOBOH M BAPHHPOBAHIEM Ha YPOBHE COOOIIIECTB.

KaroueBnlie caoBa: q.)yHKL[I/IOHa/\thIC HpI/ISHaKI/I AHICTA, AABITUIICKIE paCTI/ITe/\beIC CO-
O6H_ICCTBa, VACABbHAsA AMICTOBAS IIOBEPXHOCTD, B3BCIIICHHOC CPCAHEEC COO6H_[CCTB2., Kagkas

Functional leaf traits (FLT) are important parameters for
plant fitness as well as many ecological functions of plants
including their role in carbon, nutrient and water cycling,
These traits include dry leaf mass, leaf (lamina) area, leaf
thickness, leaf water contents and specific leaf area (SLA;
leaf area per mass unit; also used in its inversed form as leaf
mass per area). Traits based on the leaf mass, area and water

©Botanical Garden-Institute FEB RAS. 2020

content are the best predictors for quantitative identification
of plant strategies (Pierce et al. 2017). SLA is one of the
best predictors to estimate relative growth rate (RGR)
(Poorter & Remkes 1990, Poorter & van der Werf 1998,
Cornelissen et al. 1998, Shipley 2006; Metcalf et al. 2000,
Rees et al. 2010) and it is very sensitive to ecological con-
ditions, such as temperature, water availability, light regime
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and nutrient regime (Garnier et al. 2004, Suding & Goldstein
2008, Poorter et al. 2009, Scheepens et al. 2010, Ordonez et
al. 2010, Hodgson et al. 2011, Venn et al. 2011, Read et al.
2014), as well as growing season length (Borgy et al. 2017).

Most plant traits, including the mentioned leaf traits,
vary most strongly and consistently in their mean values
among species (Kattge et al. 2011), when compared to intra-
specific variation of the same traits. However, this does not
exclude the possibility that mean values for these traits are
not strongly determined genetically and have low heritability,
even though low genetic variability can decrease the range of
their variation (Donovan et al. 2011). Genotypically driven
variation is lower than environment-driven variation in SLLA
(Scheepens et al. 2010). Environmental factors govern the
traits significantly (Poorter et al. 2009), but other factors, such
as ontogenetic stage and allometry, may also have pronounced
effects on leaf trait variability (Cornelissen 1999, Niinemets
2004). Relative role of intraspecific variability is higher for
species-poor communities (Hulshof et al. 2013). Plant and
leaf size as well as nutrient regime have meaningful effects on
SLA (Milla et al. 2008, Rees et al. 2010, Akhmetzhanova et al.
2012). As mentioned above, while intraspecific variability of
plant traits can be remarkably high (Mitchell & Bakker 2014,
Andrade et al. 2014, Albert 2015, Cartlucci et al. 2015, Siefert
et al. 2015, Siefert & Ritchie 2010), it is usually significantly
lower than interspecific for a given species set (Albert et al.
2010, Jung et al. 2010, Auger & Shipley 2013, Dwyer et al.
2014, Messier et al. 2017, but see Jung et al. 2014). Many
species may have similar mean SLLA values, but differ in SLA
responses to environmental variation (Dwyer et al. 2014). He
et al. (2018) shown that there is a positive relationship bet-
ween intraspecific variation of SLA and species habitat range
with respect to soil carbon and nitrogen. Siefert (2012:767)
noted that including intraspecific variation “provides a more
complete view of communities and the processes driving
their assembly”. Bagousse-Pinguet et al. (2014) showed that
intra-specific variation of plant traits may be an important
factor of species coexistence and a possible mechanism of
diversity maintenance.

To compare plant traits among different plant com-
munities or even small plots of given communities, many
authors use community weighted means (CWM) (Garnier
et al. 2004, Suding & Goldstein 2008, Lavorel et al. 2008,
Jung et al. 2010). CWM is an integrative value of plant trait
for the whole plant community where species “weight” de-
pends on species abundance, such as cover, density or bio-
mass (more abundant species contribute more than rare spe-
cies). CWM trait values based on plant biomass are useful
parameters for functional structure comparison between
communities with different floristic composition. Changes
in trait CWM depend mainly on floristic and dominance
structure (Kichenin et al. 2013). CWM trait values are usu-
ally good indicators of environmental gradients (Jung et
al. 2010, de Bello et al. 2013). The impact of interspecific
variation in CWM was studied in many papers (Cornwell
& Ackerly 2009, Kamiyama et al. 2014, Lajoie & Vellend
2015, Siefert et al. 2015), but the direction of this variation
is much less known. Namely, it is not yet clear whether di-
rection of intraspecific variation of plant traits among dif-

ferent communities coincides consistently with CWM va-
riation at the community level, the latter of which should
be largely driven by interspecific variation. In some cases
interspecific (based on CWM) and intraspecific trait varia-
tions coinside, but there some examples of opposite cases
(Lajoie & Vellend 2015). Within vs. across species trait cor-
relations may have opposite signs (Anderegg et al. 2018)
and intraspecific FLT variations of different species were
not coincided (Pakeman 2013).

Thereareseveral types of intraspecific variation: variation
within individual (ontogenetic, seasonal etc.), within com-
munity (plot) variation and between communities vatiation
(Siefert et al. 2015). Only last one is reasonable to use for
studding directions of intraspecific variation between com-
munities and we used only this level in our study.

Key factors for community’s structure and function can
be considered as (primary) abiotic and (secondary) biotic
(Belyea & ILancaster 1999). Abiotic factors (e.g climate)
select adapted species for a site, biotic factors (e.g, competi-
tion) form community structure. CWM of functional traits
are parameters of community functional structure. So there
is an interesting question, which factors are more important
for trait intraspecific variation — abiotic or community
functional structure per se. We can expect that for different
functional traits different factors are more important.

In temperate alpine areas depth and duration of winter
snow cover is one of the main local factors responsible for
plant community’s patterns (Kudo & Ito 1992, Onipchenko
1994, Kérner 2003, Choler 2005, Catlson et al. 2015). Diffe-
rent plant communities change at short distances according
to “snowmelt” gradient. The communities have various func-
tional structure and differ according to their CWM of plant
functional traits (Shidakov & Onipchenko 2007, Venn et al.
2011). Variability of functional leaf traits (including intraspe-
cific variation) depends on abiotic and biotic (e.g. competi-
tion) factors (Grime 2006, Mouillot et al. 2007) and influence
of biotic factors often dominates (Burns & Strauss 2012). In
case of alpine communities, abiotic and biotic gradients do
not coincide. Usually more wet depressions with significant
snow accumulations are inhabited by plants with thinner
leaves and high SLLA than that for plants from snowfree
ridges and slopes (Choler 2005). But CWM do not lineatly
change according snowmelt gradient (Shidakov & Onipchen-
ko 2007), so the alpine communities represent useful object
to study directions of intraspecific functional trait variation.

Our null hypothesisis that, forasetof traits widely studied
for their important association with plant environmental
response and impact, the direction of intraspecific variation
in leaf traits among different communities coincides con-
sistently with CWM trait variation at the community level.
As an alternative hypothesis, we may postulate that abiotic
filter (here snowmelt gradient) may have more important
influence on the direction of intraspecific variation than
the functional structure (CWM) of the communities. So
our paper will be narrowly restricted to study directions of
intraspecific leaf trait variation between alpine communities
along abiotic (snowdepth) and WM gradients.

We tested this hypothesis for 17 plant species belonging
to four native alpine communities in the Caucasus Mts.
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MATERIAL AND METHODS
Site description

Plant traits were studied in four 1.5 by 1.5 m plots for
each of four alpine communities in the Teberda Reserve,
North-West Caucasus, Russia (43°26.8'N 41°41.5'E). The
communities represent a toposequence from ridges to de-
pressions: alpine lichen heaths (ALH), Festuca varia grasslands
(EVG), Geraninm—Hedysarum meadows (GHM) and snowbed
communities (SBC) at the elevation of about 2750 m a.s.l.
Winter snow depth increases and growing season length
decreases along the toposequence from ALH to SBC.
Productivity follows the order ALH < FVG < GHM >
SBC. Detailed descriptions of the communities are given in
our eatlier publications (Onipchenko 1994, 2002, 2004).

Leaf traits

Leaf traits (leaf blade thickness, wet and dry mass of
a leaf, water content at saturation, and SLA) were measu-
red for 120 plant species in the four communities, toge-
ther representing nearly all vascular plant species richness
(Shidakov & Onipchenko 2007). We used standard protocols
to measure the traits (Cornelissen et al. 2003). We collected
12 well developed leaves without signs of damage, patho-
genic infection or senescence. Each leaf was collected from
separate plants which growing at distances more than 1 m,
but within one type of community. When leaves were small
(e.g., Minnartia aizoides), one sample from one plant inclu-
ded 10 leaves, but in all cases total number of samples was
12. Cutoff leaves were placed in plastic bags with water and
were kept in fridge for 5-10 hours to get water-saturated
status. Leaf blade thickness was measured by micrometer
with precision 0.01 mm for water saturated leaves. Before
weighting surface water was removed by filter paper. We used
balances with 0.0001g precision. Then leaves were scanned
with resolution 300 dpi (600 dpi for small leaves). Image]
software was used for leaf area measurement. After scanning
leaves were dried in individual paper bags during 8~10 hours
at 80°C in drying oven. Dry mass was measured with 0.0001
g precision as well. Next leaf traits were analyzed:

1) LA — leaf atea (cm?) without petioles;

2) Leaf dry mass (g) without petioles;

3) Leaf saturated water content, calculated as w=(mw-
md) * 100 %/mw, where mw — water saturated fresh leaf
mass, md — dry leaf mass;

4) Leaf thickness (mm);

5) SLA — specific leaf area (cm?®/g), calculated as LA /md.

Seventeen common species were studied in two or more
communities each (Table 1). There were 10 forb species
and 7 graminoids. We made statistical tests for the whole
set of species and separately for forbs and graminoids to
study possible difference between these functional groups
in directions of inraspecific variability changes.

Aboveground biomass estimation

To calculate CWM trait values we measured aboveground
plant biomass for all studied communities on 0.25%0.25 m
subplots in the second half (August) of short alpine growth
season during several years. Plants were clipped at ground
level, sorted by species, dried (8 hours, 105°C) and weighed.

Intra-specific variability of functional traits

Biomass was measured during 3—5 years at different places
within the communities; total replications were 104 in ALH
and 92 in each of FVG, GHM and SBC.

Statistics

Basic statistics and community weighted means.
For each of 17 species we calculated mean values and their
standard errors for the plants from each studied community.
The values were used for subsequent meta-analysis, they are
represented in Table S1 (Supplemental materials).

CWNMs for each leaf trait were calculated based on
species mean values and aboveground biomass:

Y (B,xC)
CWM =4 ——

55
i=l

where C7 = the trait value for species 7, B/ = the weight
(aboveground biomass) of species 7 # = the number of
species. For each plant trait, CWM were calculated for each
small subplot and then used to calculate the mean for the
community. To compare CWM between communities one-
way ANOVA was applied for individual plot’s CWM values.

Check of the weighted mean model. The studied
communities are very dissimilar according to species compo-
sition (for example, floristic similarity between ALH and SBC
is about 7 % — Serensen Index — Onipchenko & Semenova
1995), they differ completely according dominant composi-
tion, so it was not possible to find many abundant species
shared several communities. Differences in CWM between
communities were mainly depended on differences in species
composition than intraspecific trait variation due to low re-
presentation of common species. In such conditions it was
very interesting to estimate the direction of intraspecific trait
variation. Meta-analysis looks the most appropriate method
to combine responses of different species with very different
trait values.

Table 1. Species studied in different communities (+ a spe-
cies was measured in the community) Nomenclature follows
Onipchenko et al. 2011. Functional groups: G — graminoids
(grasses and sedges), I — forbs (herbaceous eudicots). Com-
munities: ALH — alpine lichen heath, FVG — Festuca varia
grassland, GHM — Geraninm-Hedysarnm meadow, SBC —
snowbed community.

Speci Func. Community
pecies group ALH FVG GHM SBC

Agrostis vinealis G + +

Campannla collina F + +

Campanutla tridentata F + +

Carex atrata G + +

Catabrosella variegata G + +

Festuca brunnescens G + +

Festuca varia G + +

Gentiana septemfida F + +

Leontodon hispidus F + +

Minnartia aigoides F + +

Nardus stricta G + + +

Phleun alpinum G + +

Pobygonnm bistorta F + +

Ranunculus oreophilus F + +

Scorzonera cana F + +

Sibbaldia procumbens F + +

Veronica gentianoides F + + +
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To check for statistical differences between communities
for each trait we used the approximate Games-Howell test
because the data were heteroscedastic and no transfor-
mations proved to be helpful.

Then, for each trait, communities were ordinated from
lowest to highest values of CWM. For example, CWM-SLA
followed the sequence:

FVG (93 cm?/g) < ALH (140) < GHM (170) < SBC (192)

Then we analyzed the concordance in the direction of
the transition of intraspecific variation in SLA (or any other
trait) among communities versus the direction of the transi-
tion of CWM-SLA among communities. For the study we
employed meta-analysis approach. In the frame of this ap-
proach we used random effects models and Hedge’s g as
the effect measure — that is, the standardized mean diffe-
rence adjusted for small sample bias (Hedges 1981). g was
computed on the exact formulae (White & Thomas 2005).
Values of g above 0 indicate that the transition had a posi-
tive effect on the variable; values below 0 indicate a negative
effect. The analysis was conducted for all studied species
occurring in more than one community (17) as well as for
two functional groups (forbs — 10 species and graminoids —
7 species) separately. For each of the analyses we calculated a
number of statistics associated with g (Tables S2, S3).

All statistical calculations were run in the R environment
(R Core Team 2017) using the package ‘userfriendlyscience’
for the Games-Howell test and the package ‘meta’ for
the meta-analysis, both of which are in concordance with
recommendations of Sokal and Rohlf (2012).

Check of toposequence model. Our four studied
communities build a monotonic gradient of several en-
vironmental parameters in the sequence: ALH < FVG
< GHM < SBC for snow depth and snowmelt date, and
ALH > FVG > GHM > SBC for length of growth sea-
son (Onipchenko 1994, 2004). Because of the broadly
known environmental response of
plant traits with elevation (Read et

parameters (wet and dry mass, area) generally increased
from ALH and FVG to GHM and decteased from GHM
to SBC. SLA CWM decreased from ALH to FVG and then
increased to GHM and SBC. Water content had its lowest
CWM in FVG, but generally increased along the snow
depth gradient. Leaf thickness had the opposite pattern —
it had the highest CWM in FVG, but generally decreased
from ridges to depressions (Fig. 2).

CWM gradient and intraspecific variation

The leaf traits of the target species changed very dif-
ferently along the gradient compared to the pattern for
CWM. Generally, only size parameters (dry mass, leaf area)
for most of the species had significant concordance in trend
with CWM (Fig. 3, Table 2 Supplement). This concordance
was mostly due to significant forb response (Fig. 3), whe-
reas graminoid reaction was not significant. But general
direction of graminoid leaf size variability was similar to
forbs. However, some species had opposite behavior: e.g.
low, mainly rosette plants (Campanula tridentata, Minnartia
aizoides) had smaller leaves in the highly productive GHM,
against the trend for CWM. All other functional traits
showed significant deviation from correspondence bet-
ween CWM patterns and changes at the level of species.
The highest value for CWM leaf thickness was noted for
FVG, the lowest for GHM and SBC. Most of the studied
species, except dominant Festuca varia, did not follow this
pattern; they often had thinner leaves in FVG than in other
communities. Thus, CWM of leaf thickness depends on the
dominant species and does not correspond to the pattern
for intra-specific variability of subordinate species.

Toposequence model

The intraspecific trait changes along the toposequence
(i.e. snowmelt gradient) were very variable (Table 3). When

al. 2014), we checked for directional 80 - 14 -
changes of plant traits for each 70 g A 12 - E C
species and transition using the same o 60 4 10 -
meta-analysis approach. As previous 3- 50 1 E s
analysis this one was conducted for £ :g | g 64
all studied species (17), as well as for & 20 4 m h “4d b b
. ] - a
two functional groups separately. 10 - ﬁ 2 4 5 r-—l
0 T T T 1 0 T T T 1
RESULTS
. . 60 -~ & :
Community weighted means B 20 7 mCampanula collina D
) & 50 A B Leontodon hispidus
The factor “community” had a € 40 4 w 15 1 OPhleum alpinum
significant effect on all studied CWM % 30 510 -
traits. All CWM differed significantly g 20 A g :
between all studied communities ex- S 10 - J H | |_|
cept leaf area between ALH and 0 4 . r . . o+ . . ]

FVG (Fig. 1, 2). ALH

We can recognize three types
of CWM change along the topo-
sequence. From snow-free ridges
to depressions (ALH-FM-GHM-

SBC) CWM of leaf size related !
different letters

FVG
Plant community type

GHM SBC ALH FVG GHM

Plant community type

SBC

Figure 1 Community weighted mean values and their standard errors for leaf dry mass (A)and
leaf area (C) and those trait interspecific response for 3 alpine species (B, D). Communities:
ALH — alpine lichen heath FVG — Festuca varia grassland GHM — Geraninm-Hedysarum meadow
SBC — snow bed community. Significant (p < 005) differences between CWMs are shown by
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considered all species three traits showed significant g va-
lues in this case. SLLA and water content increased and leaf
thickness decreased according snowmelt gradient (topo-
sequence) from snow free ALH to snow-rich SBC. These
species responses was determinated by forbs, the responses
of graminoids had various directions and were not sig-
nificant (Fig 4). So, generally these three related traits fol-
lowed the environmental gradient but not the CMW gra-
dient. There were some examples that do not follow this
general tendency, e.g. Nardus strictaleaf thickness was higher
in GHM than in FVG (Table S1, Appendix).

The most interesting response was obtained for the leaf
area. Generally, this trait did nor show significant response
to snowmelt gradient, but this was due to significant, but
opposite response of forbs and graminoids. Forbs in-
creased, but graminoids decreased leaf area when snow
depth increased (Fig 4). This was the only one case with
significant opposite reactions of plants belonging to
different functional groups.

DISCUSSION
CWM and snowmelt gradient

Among five studied leaf traits no one trait showed linear
change CWM according to snowmelt gradient. We suggest
that the absence of monotonic CWM response this gradient
deals with principal different structure-forming mecha-
nisms of the communities. They are 1) shallow poor soils
in ALH leading to low production and sparse vascular plant
cover (Onipchenko 1985, 2004), 2) strong dominant (Festuca
varia) influence on subordinate species by accumulation of
great amount of recalcitrant litter in FVG (Pokarzhevskaya
1998), 3) intensive zoogenic disturbances within the most
productive GHM (Fomin et al. 1989), 4) snow depth and
short growth season in SBC (Zakharov et al. 2002). These
factors may have important influence on CWM leaf traits,
e.g. low water content and high leaf thickness in FVG (due

Intra-specific variability of functional traits

to rough leaves of the dominant) or high leaf mass and area
in productive GHM with relatively large leaves of dominants
(Geraninm gymmnocanlon and Hedysarum cancasicum).

CWM and size-related leaf traits

All studied communities differed significantly in their
CWM for practically all studied functional leaf traits. There
were no monotonic changes of CWM along one of the most
important alpine environmental gradients — depth of winter
snow and snowmelt date. Instead we showed the highest
leaf size values for GHM — the most productive alpine com-
munity halfway down the toposequence (Onipchenko 1990,
1994). The GHM has relatively nutrient rich soil and in-
tensive decomposition processes (Grishina et al. 1993, Elu-
meeva et al. 2018). Thus, CWM for leaf size related traits
are in good correspondence with annual productivity (e.g.
Pearson correlation coefficient between productivity and
CWM leaf dry mass r = 0.963, p < 0.001, n=4). For these
traits a good correspondence was obtained between means
based on individual species and CWM (Shidakov & Onip-
chenko 2007). Hump-backed patterns of size traits and
production deal with different constrain factors at the ends
of snowmelt gradient. Production on snowfree ridges and
slopes (ALH) is restricted by poor shallow soils with deep
winter freezing (Onipchenko 1985, 1994). On the other
hand, production of snowbed communities constrains by
short growth season (about 2 months, Onipchenko 2004).
In our study we have shown that intraspecific variation in
size related traits (leaf mass, leaf area) generally corresponds
with CWM and production variations. In contrast, we found
deviation in pattern between species level and CMW-based
values among communities for leaf quality related traits.

CWM for several leaf quality traits, namely SLA and
saturated water content, depends mainly on the specific
dominance structure of the communities. The values are
lowest for FVG, a community dominated by narrow-leaved

75 30 -
70 g
S 2
e £
o.65 § 24
=22
60 ..._:
@ 20
55 18
100 - 250 - 40 -
B D E F W Polygonum bistorto
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ALH FVG GHM SBC ALH FVG GHM SBC ALH FVG GHM SBC

Plant community type
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Figure 3 Results of analysis of the correspondence in trend for
leaf traits between species-based and CWM based pattern among
alpine communities (the CWM gradient). Group effect sizes (dots)
and their 95% confidence intervals (error bars) are shown. Statistic
details are presented in Table S2 (Supplemental material). SLA —
specific leaf area

bunch grasses (mainly Festuca varia and Nardus stricta). These
grasses have tough leaves with low SLA and low water
content. In contrast, leaves of many other species in FVG
have different features (mostly high SLA and leaf water
content) and do not correspond with those of the domi-
nants (Shidakov & Onipchenko 2007). Our results thus
demonstrate various deviations in pattern among com-
munities between intraspecific variation of the traits and
CWM-based variation; the leaf trait values of the dominant
species mainly determine CWM values, which can follow
opposite patterns among communities than values based on
the individual responses of the subordinate species.

Snowmelt gradient

Three leaf traits (SLA, water content, and leaf thick-
ness) within all studied species followed a pattern directly
according to the toposequence, i.e the snowmelt gradient.
Leaf thickness decreased, but SLLA and water content in-
creased from ALH on ridges and upper slopes to SBC in
deep mesorelief depressions. Forbs are responsible for these
regular trends while graminoids did not show significant
changes. These results are in good correspondence with
several published results about SLA pattern along alpine
toposequences (Choler 2005). Indeed, similar and concur-
rent changes of CWM and intraspecific SLA were shown
for a valley toposequence (Jung et al. 2010). In that case
CWM-SLA decreased monotonically from low to upper
parts of the toposequence.

Leaf area of graminoids and forbs showed opposite
direction of response to snowmelt gradient: forbs increa-
sed, but graminoids decreased this with increasing snow
depth. Venn et al. (2011) noted leaf area decreasing with
increasing snow depth along an Australian alpine snowmelt
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Figure 4 Results of analysis of the correspondence in trend for
leaf traits between species-based and CWM based pattern among
alpine communities according to the toposequence model (the
snowmelt gradient). Group effect sizes (dots) and their 95 % confi-
dence intervals (error bars) are shown. Statistic details are presented
in Table S3 (Supplemental material). SLLA — specific leaf area

gradient. This is a good correspondence with our results
for Caucasian graminoids, but opposite to leaf area change
of forbs. We suggest that such differences in response to
snowmelt gradients may be due to overall differences in
leaf lifespan and structure of the alpine floras involved:
evergreens in Australia (and partly winter green graminoids
in Caucasus) versus mostly summer green forbs in the
Caucasus.

CONCLUSIONS

In spite of great variation in leaf traits among and
within species in a Caucasian alpine flora, we obtained
two groups of leaf traits according to community weigh-
ted means and topographic (snow depth and snow melt)
gradients. For leaf mass and area (i.c. size related leaf traits)
intraspecific variation corresponded to CWM variation
among communities; these patterns followed those for
plant community productivity, which had a hump-back
pattern along the toposequence. In contrast SLA, water
content and leaf thickness patterns within species changed
directly among communities according to the toposequence
(snowmelt gradient), contrary to the community level pattern
strongly driven by dominant species that had relatively low
SLA halfway along the toposequence. An important take
home message from our work is that intraspecific trait
variation does not necessarily follow that for interspecific
or community-level variation (see the conceptual model
in Yang et al. 2015). This has important implications for
predicting the consequences of environmental (e.g. cli-
matic) changes; plastic or genotypic trait responses of
extant species in communities should be disentangled from
community-level responses due to species replacements in
order to optimize such predictions.
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