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ABSTRACT: 
Plant traits have been used to predict species and community responses to 
environmental gradients. We studied variation of leaf area (LA), specific leaf 
area (SLA), flowering shoot number and seed mass along an elevation gradient 
in the case of Trigonocaryum involucratum, a scree-growing plant endemic to the 
Caucasus ecoregion. The study had two major aims: (1) to compare the role of 
intra-population and inter-population variation of functional trait values; and (2) 
to ascertain dependence between elevation and trait values and their variation. 
We collected trait data in several populations in Dagestan (Russian Federation), 
where the species has about a 1000-m amplitude of elevational distribution. The 
intraspecific variability of trait values was assessed via standard statistical tools 
(one-way ANOVA and linear regression analysis). The trait values mostly have high 
inter-population variation (more than 90% for each of the trait values compared 
to intra-population variation of each trait), indicating adaptation of populations 
to site conditions. Much higher intra- vs. inter-population variation in SLA at 
subnival elevations indicates local micro-site diversity and may serve as a buffer 
against future stress related to climate change. All the trait values negatively but 
significantly correlate (weakly or moderately) with elevation. Negative correlation 
presumably shows a certain increase in the limiting effect of the elevation gradient 
associated with changes in temperature, soil nutrient availability and soil water 
content, as well as with high solar radiation. More evidence from a broader study 
of the species throughout its distribution range is needed for firmer conclusions 
about the intraspecific variability of T. involucratum.
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INTRODUCTION

Functional trait variability enables plants to survive and 
reproduce in conditions of varying degrees of stress, dis-
turbance and competition (Westoby 1998; Grime 2001; 
Lavorel & Garnier 2002; Westoby et al. 2002; Re-
ich et al. 2003). Over the past decades, plant traits have 
been used to predict species and community responses 

to different environmental gradients. The majority of 
studies have focused on functional trait variability be-
tween species (i.e., interspecific variation), but recent de-
velopments in functional trait-based community ecolo-
gy have shown the importance of studies of variation at 
both the interspecific and the intraspecific levels. Study 
of intraspecific variation may give answers to a num-
ber of questions about plant adaptations and enable us 
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to predict the effects of environmental changes, thereby 
helping in plant conservation (Jung et al. 2010; Albert 
et al. 2011; Violle et al. 2012; Wellstein et al. 2013; 
Harzé et al. 2016; Campetella et al. 2019).

Endemic species occupying niches unavailable to oth-
ers are interesting in connection with intraspecific varia-
tion and plasticity of the traits best reflecting plant ecolog-
ical strategies, i.e., whether a species is developing a more 
competitive ecological strategy or adopting a more con-
servative strategy through adaptation of functional traits 
to specific habitat conditions (Westoby 1998; Tonin et 
al. 2020). We studied leaf area (LA) and specific leaf area 
(SLA) as measures of resource acquisition (Pérez-Har-
guindeguy et al. 2013), flowering shoot number as a 
measure of fecundity (see Scheiner 1989; Bazzaz et al. 
2000) and seed mass as a measure of both survivorship 
and fecundity (Westoby et al. 1996) in the case of Trigo-
nocaryum involucratum (Steven) Medw., a scree-growing 
plant endemic to the Caucasus ecoregion. Characterised 
by high endemism of vascular plants (more than 25% of 
the total flora) (Williams et al. 2006; Zazanashvili et 
al. 2012; Solomon et al. 2013), the ecoregion has a num-
ber of mono- and oligotypic endemic genera, including 
the genus Trigonocaryum Trautv. (Boraginaceae) with 
a single species, Т. involucratum. In Dagestan (Russian 
Federation), the species has about a 1000m elevation am-
plitude. The plant is restricted to alpine grey slate screes of 
the northeastern Great Caucasus in the Russian Federa-
tion, Georgia and Azerbaijan (Gagnidze et al. 2002; Lit-
vinskaya & Murtazaliev 2009). Existing literature only 
mentions Trigonocaryum among mono- and oligotypic 
endemic Caucasian genera, characterises T. involucratum 
as a scree-growing species and deals with its morphology 
or molecular genetics mainly in relation to the taxonomic 
position of the species (Gachechiladze & Kobakhidze 
1996; Kerimov & Askerova 2005; Chacón et al. 2016), 
but no studies have been carried out on functional traits 
so far. 

A large number of relevant traits can be considered 
for different research contexts. However, a few traits, 
viz., plant height, SLA and seed mass, have been consid-
ered relevant almost universally because they adequate-
ly reflect the ecological strategies of plants (Westoby 
1998; Westoby et al. 2002; Pérez-Harguindeguy et al. 
2013). SLA is known to be strongly correlated with other 
traits that measure stress tolerance (Poorter & Garni-
er 1999). Seed mass reflects the ability of a plant to cope 
with disturbance (Westoby 1998), but it is considered 
a so-called ‘stable trait’ with low intraspecific variation 
(Westoby et al. 1996; Garnier et al. 2007). In the case 
of T. involucratum, measuring plant height contains po-
tential bias related to the semi-decumbent nature of the 
plant and largely uneven surface of its scree substrate, so 
this trait was not considered in the study design. 

The present study has the following major aims: (1) 
to compare the role of intra-population (within a site) 

and inter-population variation of the trait values; and 
(2) to ascertain dependence between elevation (and/or 
other environmental factors) and trait values and their 
variation. Understanding how this species adjusts its 
functional traits according to the elevation can improve 
our knowledge about the ability of plants to cope with 
environmental changes, including climate change (see 
Tonin et al. 2020).

MATERIALS AND METHODS

Target species. Trigonocaryum involucratum is a 2-10 
cm tall plant sparsely covered in all parts with sub-ap-
pressed, equal bristles borne on small tubercles, gen-
erally green. The root is thin but grows deep into the 
substrate. The main stem is up to 3 cm tall, and stem 
branches are semi-decumbent. Leaves are 1-1.5 cm long, 
up to 3-5 mm wide above, gradually tapering at the base. 
Terminal inflorescences are leafy, once or twice furcate, 
few flowered, 1-3 cm long and wide. Bracts are 1-2 cm 
long, similar to cauline leaves in shape. The calyx is ca. 
2 mm long, sessile or on a short curved pedicel, cam-
panulate. The plant fowers in June-August (Popov 1953). 
The type specimen of Т. involucratum was initially de-
scribed as Myosotis involucrata Steven (Steven 1812) 
but was later placed in a separate monospecific genus by 
Medvedev (1919); however, the traits which served as a 
basis for segregation of the genus (presence of blue-vio-
let flowers, flat gynobase, basal oval cicatrix, seeds with 
a caruncle) as well as some other traits are observed in 
the genus Myosotis L. A recent molecular study of rela-
tionships of the major clades in Boraginaceae s.str. us-
ing plastid markers also supported synonymisation of 
T. involucratum as M. involucrata (Chacón et al. 2016). 
However, Т. involucratum is still given as the accepted 
name for the taxon, for example in Euro+Med (2006−), 
and we follow this nomenclature for the studied plant in 
the present paper.

Study sites. The material was collected at six sites of 
three localities in Dagestan (Russian Federation) (Fig. 
1) in 2016-2018: vicinity of the village of Jynykh, Rutul 
district (J, three sites), vicinity of the village of Kurush, 
Dokuzparin district (K, two sites) and vincinity of the 
village of Choroda, Tlyarata district (Ch, one site). De-
scription of environmental conditions at each locality 
and descriptions of the respective sites are given below.

Vicinity of the village of Jynykh, Rutul district: the 
village is located in the Samur river valley surrounded 
by high mountain ranges (> 3 000 m a.s.l.). The northern 
slopes are covered by pine-birch forests and the south-
ern slopes by dry steppe-like secondary meadows and 
scrub (Chilikina & Shiffers 1962). The local climate is 
strictly continental with cold winters and cool summers; 
the mean annual temperature is about 8°С, and annual 
precipitation is about 550 mm (Akaev et al. 1996). 
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Three sites were studied at the Jynykh locality. The site 
J1 is located at 1785 m a.s.l. on an eastern slope of 40° with 
scree particles 3-12 cm long and a vegetation cover of less 
than 5%. Silene lacera (Steven) Sims and Satureja hortensis 
L. were recorded at J1 along with the target species. The 
siteJ2 is located in a small stream basin at 1810 m a.s.l. 
on a northern 5–7° slope having scree particles 0.5–2 сm 
long with a silt admixture and a vegetation cover of about 
30–40%. Epilobium colchicum Albov, Delphinium gelmet-
zicum Dimitrova, Tussilago farfara L., Papaver fugax Poir., 
etc., are recorded there. The site J3 is located at 1900 m a.s.l. 
on a southern 10° rocky slope with scree-covered portions. 
The scree particles are 2-5 cm long. The vegetation cover is 
about 10–15%. Sempervivum caucasicum Rupr. ex Boiss., 
Silene saxatilis Sims, etc., are also recorded.

The village of Kurush, Dokuzparin district: the sites 
are located on Mt. Nesindagh and are covered by alpine 
meadows with significant segments of rock-scree plant 
communities. The climate is strictly continental with cold 
winters and short cool summers; the mean annual tem-
perature is about 6°С, and annual precipitation is about 
600 mm (Akaev et al. 1996).

Two sites were studied at the Kurush locality. The site 
K1 is located in a small stream basin at 2450 m a.s.l. on a 
northeastern 5-7° slope having a silty substrate with peb-
ble admixed and a vegetation cover of about 30%. Trise-
tum rigidum (M. Bieb.) Roem. & Schult. and Epilobium 
colchicum are recorded. The site K2 is located at 2750 
m a.s.l. on a southwestern slope of 25–30° inclination 
with scree particles 2-5 cm long. Campanula meyerana 
Rupr., Pseudobetckea caucasica (Boiss.) Lincz., Ranuncu-
lus arachnoideus C. A. Mey., Silene humilis C. A. Mey., 

Stachys pauli Grossh., Trisetum transcaucasicum Seredin, 
Valeriana daghestanica Boiss., Vavilovia formosa (Ste-
ven) Fed. and Cicer incisum (Willd.) K. Malý are recorded 
(Murtazaliev et al. 2012). 

The village of Choroda, Tlyarata district: the village is 
located in the Jurmut gorge. Northern slopes are covered 
by a pine-birch forest and subalpine meadows, southern 
slopes by shrub thickets and montane meadows enriched 
with steppe species and scattered individuals of Pinus 
sylvestris subsp. hamata (Steven) Fomin (Chilikina & 
Shiffers 1962). The local climate is continental with cold 
winters and cool summers; the mean annual temperature 
is about 6°C, and annual precipitation is about 750 mm 
(Akaev et al. 1996).

A single site was studied at the Choroda locality. The 
site Ch is located at 1950 m a.s.l. on a southwestern 30° 
slope with scree particles 5-12 cm long and a vegetation 
cover of less than 10%. Silene lacera, Rumex scutatus L., 
solitary plants of Papaver fugax Poir., Scutellaria sp. and 
Crepis sp. are recorded.

Sampling design and traits. Five to eight individuals of 
the target species were randomly selected at each study 
site. Five to six fully developed and undamaged leaves 
(Petruzzellis et al. 2017) as well as five seeds (Westo-
by 1998) were collected from each plant. Collected leaves 
were scanned, and these images were then used for cal-
culation of leaf area, LA (mm2) by ImageJ (Rueden et al. 
2017). For dry mass measurements, leaves and seeds were 
oven-dried at 70°C for 72 h, then weighed to obtain leaf 
dry mass (mg) and seed mass (mg). To calculate specific 
leaf area, SLA (mm2/mg), the ratio between fresh leaf area 
and leaf dry mass was pooled (Pérez-Harguindeguy et 
al. 2013).

The voucher specimens are stored in the herbarium of 
the Mountain Botanical Garden of the Dagestan Federal 
Research Centre RAS (DAG).

Statistical analysis. Descriptive statistical values (the 
minimum, maximum, mean and standard deviation) were 
obtained for each characteristic. Additionally, normality 
of trait values was rejected based on the Shapiro-Wilk 
test. These parameters were therefore log10-transformed 
prior to analyses in order to attain approximate normality 
and homogeneity of residuals. One-way analysis of var-
iance (ANOVA) was used to analyse differences in trait 
values on the intra- and inter-population levels at three 
different locations of T. involucratum populations in Dag-
estan (Russian Federation, North Caucasus). Additional-
ly, Tukey’s HSD multiple comparisons were performed to 
investigate the significance of mean differences between 
pairs of populations. Regression analysis was conducted 
to evaluate the complex of environmental factors acting at 
each locality on the variability of all trait values.

All statistical analyses were performed using SPSS 
ver. 21.0 (https://www-01.ibm.com/).

Fig. 1. Study area: three locations of the six studied populations 
of Trigonocaryum involucratum.

https://www-01.ibm.com/
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RESULTS

Mean values of SLA in the single population at Choroda 
(8.4±2.1 mm2/mg) and three populations at Jynykhare 
are higher (from 8.9±3.1mm2/mg at J1 to 10.5±2.8 mm2/
mg at J3) compared to the two populations at Kurush 
(6±1.5 mm2/mg at K1 and 5.8±0.9 mm2/mg at K2); the 
mean for the six populations is 8.4±3 mm2/mg. LA varies 
in a broad range (from 19.6±4.5 mm2 at K2 to 57.2±17.9 
mm2 at J3); the mean for the six populations is 36.1±20.7 
mm2. The highest values are observed at J1 and J3, while 
the other four populations (Ch, J2, K1, K2) have mean 
values lower than the mean of the six populations. The 
mean number of shoots per plant ranges from 2.9±0.7 
at Ch to 5.5±1.6 at J1; the mean for the six populations 
is 4.1±1.5. Seed mass ranges from 2.1±0.5 mg at K1 to 
3.4±0.8 mg at J1; the mean for the six populations is 
2.9±0.8 mg.

Mean values for each trait at each site and the entire 
set of populations are given in Table 1.

One-way ANOVA for post-hoc comparison of popu-
lations and breakdown of total variance into inter- and 
intra-population variance showed that for all the trait 
values inter-population variance is much higher com-
pared to intra-population variance, in all cases exceeds 
90% and is highest for LA (Table 2).

Comparison of the log10-transformed data (Supple-
mentary Table 1) shows that statistically highly reliable 
differences (p<0.001 in 53% of pairs) in SLA are only ob-
served between the populations at Choroda and Jynykh 
on the one hand and those at Kurush on the other. In the 
case of LA, statistically highly reliable differences (60% 
of pairs) are observed between all the pairs containing J1 
and J3 on the one hand and those containing Ch, J2, K1 
and K2 on the other. In the case of flowering shoot num-
bers, all three populations at Jynykh are different from 
Ch and K2, while K1 is only different from J1 (p<0.001 
again in 53% of pairs). In the case of seed mass, all the 
three populations at  Choroda and Jynykh are different 
from the populations at Kurush except for the pairs J3-
K2 and Ch-K2 with no statistically highly reliable differ-
ence (p<0.001 in 40% of pairs).

Linear regression analysis based on three environ-
mental factors (elevation, site and slope) showed that 
elevation has statistically significant linear influence on 
inter-population differentiation of all the trait values 
(p<0.001, Table 3). All the trait values correlate nega-
tively but significantly (weakly or moderately) with el-
evation. The influence is strongest on LA and somewhat 
weaker on SLA (r2 = 34.3, p ≤0.001, rxy = -0.59, p≤0.001 
and r2 = 31.1, p≤0.001, rxy = - 0.56, p≤0.001; Supplementa-
ry Table 1). Influence of site conditions is observed to be 
even stronger for three of the four measured traits (SLA, 
LA, seed mass), being the strongest for LA (r2 = 47.4, 
p≤0.001, rxy = 0.69, p≤0.001; Supplementary Table 1). 
Average slope inclination significantly influenced seed 

mass and LA: the traits positively but weakly correlate 
with rising slope inclination in a statistically significant 
way (Table 3).

DISCUSSION

Our study showed that the trait values have high in-
ter-population variability expressed by the per cent in-
put of inter-population variation in relation to the total 
variation of each trait. For all the trait values, the input 
of inter-population variation exceeds 90%, being high-
est in the case of LA (98.7%), which points to adapta-
tion of each population to the respective site conditions. 
High intra-population variability of certain traits, e.g., 
LA and SLA, reflecting resource acquisition would pre-
sumably serve as a buffer against climate change (Well-
stein et al. 2013), which is considered to be particularly 
pronounced in mountainous regions (Körner 2003). 
Hence the conservative strategy of the studied plant, 
observed particularly for vegetative traits, may not be 
beneficial for the species in terms of survival in altered 
environmental conditions. However, further research 
needs to be focused on probable consequences of the ob-
served inter- vs. intra-population variation in conditions 
predicted according to various climate change scenarios. 

The very low input of intra-population variation in 
total variation of seed mass and relatively low propor-
tion of statistically highly reliable differences in pair-
wise comparison of populations (p<0.001 in 40% of 
pairs, which is the lowest of values obtained for the four 
trait values) are consistent with the general observation 
of comparatively narrow variation of seed mass within 
species (Westoby et al. 1996; Garnier et al. 2007). 

Elevation exerts linear influence on inter-population 
differentiation. Its significant effects were determined for 
all the traits: the trait values negatively correlate with ele-
vation, which presumably shows a certain increase of the 
limiting effect of the elevation gradient in the localities at 
higher levels of the vertical distribution range. Elevation 
is associated with changes in temperature, soil nutrient 
availability and soil water content, as well as with high 
solar radiation. Interspecific changes observed in plant 
traits such as LA and SLA with increasing elevation are 
well known: alpine plants tend to have smaller leaves with 
lower SLA values compared to lowland plants, which in-
dicates a more conservative resource use in the harsh con-
ditions of highlands (Körner et al. 1989; Wright et al. 
2001; Körner 2003; Pérez-Harguindeguy et al. 2013). 
Statistically highly reliable differences in SLA between 
the populations located at 1795 to 1950 m a.s.l. on the one 
hand and those at 2450 and 2750 m a.s.l. on the other sup-
port the conclusion on the effect of elevation. 

The influence of site conditions is observed to be 
stronger than that of elevation. Heterogeneous environ-
mental conditions at the study sites and the relatively 
small number of the populations within the study area 
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Population/
N of samples

Elevation
(m a.s.l.)

Parameters Traits

SLA (mm2/mg) Leaf area (mm2) Shoot number Seed mass (mg)

J1/44 1785 Mean±SD
(min-max)

8.98±3.1
(3.8-16.2)

54.5±18.7
(28.1-105.9)

5.5±1.6
(3-8)

3.4±0.8
(2-5)

J2/37 1810 Mean±SD
(min-max)

10±3.1
(5.3-18.3)

27.5±8.4
(9.8-45)

4.1±1.1
(2-6)

3.2±0.7
(2-5)

J3/40 1910 Mean±SD
(min-max)

10.5±2.8
(4.7-17.9)

57.2±17.9
(19-93.9)

4.7±1.3
(2-6)

2.9±0.6
(1-4)

K1/33 2450 Mean±SD
(min-max)

6±1.5
(2.3-13.4)

20.9±5
(8.8-32.4)

3.6±0.9
(2-5)

2.1±0.5
(1-3)

K2/28 2750 Mean±SD
(min-max)

5.8±0.9
(2.9-19.3)

19.6±4.5
(11-34.7)

2.9±0.6
(2-4)

2.5±0.6
(1-4)

Ch/25 1950 Mean±SD
(min-max)

8.4±2.1
(4.5-17.5)

21.7±7.3
(11-42.3)

2.9±0.7
(1-4)

2.88±0.3
(2-3)

Total/207 Mean±SD
(min-max)

8.5±3
(2.3-19.3)

36.1±20.7
(8.8-105.9)

4.1±1.5
(1-8)

2.9±0.8
(1-5)

Table 1. Means (AV), standard deviations (SD) and minimum-maximum values of morphological/functional traits of T. involucratum 
in six studied populations in Dagestan (Russian Federation, North Caucasus). 

Table 2. One-way ANOVA results for six populations of Trigonocaryum involucratum at three different locations in Dagestan (Russian 
Federation, North Caucasus) (SS –sum of squares; df – degrees of freedom; MS – mean squares; F – F test statistics; asterisks indicate 
overall significance of F-statistics (*** - p<0.001). All parameters were log10-transformed to achieve normality. 

SS df MS Proportion of intra
and inter-population variance (%)

F***

Log10 (SLA) 
Leaf specific area
(mm2/mg)

Between populations 1.8 5 0.37 94.9 24.72***

Within populations 3 201 0.02 5.1

Total 4.8 206

Log10 (LA) 
Leaf area (mm2)

Between populations 7.9 5 1.57 98.7 88.8***

Within populations 3.6 201 0.02 1.3

Total 11.5 206

Log10 (ShN) 
Shoot number

Between populations 1.9 5 0.4 95.2 23.3***

Within populations 3.3 201 0.02 4.8

Total 6.2 206

Log10 (SM) 
Seed mass (mg)

Between populations 1.2 5 0.2 95.2 23.5***

Within populations 3 201 0.01 4.8

Total 3.2 206
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do not allow for clear differentiation of the effect of each 
environmental factor on the studied plant traits and 
clear explanation of the results of pairwise comparison 
of LA, shoot number and seed mass. It should be noted 
that biotic drivers appear to be more important at low 
elevations, while abiotic drivers appear to be more im-
portant at high elevations (Hulshof et al. 2013); in the 
case of T. involucratum, the question of trait variability 
and its connection with various environmental drivers 
requires coverage of a broader geographic range with 
more populations in further studies for a more accurate 
examination of the action of biotic and abiotic factors on 
the target traits. 

CONCLUSION

The present study, which is a brief analysis of the varia-
tion of a few core functional traits of an alpine scree plant 
species along a vertical gradient, enables us to draw the 
following conclusions: (1) The trait values associated with 
resource acquisition (LA, SLA) and fecundity (flowering 
shoot number, seed mass) exhibit much higher inter-pop-
ulation vs. intra-population variation, indicating adapta-
tion of each population to site conditions. The conserva-
tive strategy may not be beneficial for the species in terms 
of survival in conditions of the currently on-going climate 
change, but the assumption requires separate research. 
(2) Elevation exerts linear influence on inter-population 
differentiation of all the trait values: negative correlation 
presumably shows a certain increase of the limiting effect 
of the elevation gradient associated with changes in tem-
perature, soil nutrient availability and soil water content, 
as well as with high solar radiation. Statistically highly re-
liable differences in SLA between elevations below 2000 m 
a.s.l. on the one hand and above 2400 m a.s.l. on the other 
support the conclusion on the effect of elevation. The ob-
served stronger influence of site conditions also requires 

additional research to distinguish the leading environ-
mental drivers that along with elevation direct plant trait 
variability in alpine areas.
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Osobine vrsta su korišćene za predikciju odgovora biljnih vrsta i biljnih zajednica na sredinske gradijente. Istraživali smo površinu 
lista (LA), specifičnu površinu lista (SLA), broj cvetnih izdanaka i masu semena endmeične kavkaske vrste Trigonocaryum involucra-
tum duž gradijenta nadmorskih visina. Studija je imala dva osnovna cilja: (1) upoređivanje intrapopulacionog i interpopulacionog 
variranja funkcionalnih osobina biljaka; (2) istraživanje zavisnosti između visine i vrednosti osobina, kao i variranja tih vrednosti. 
Podatke smo sakupili u nekoliko populacija u Dagestanu (Ruska federacija), gde vrsta ima visinski gradijent od 1000 m. Intraspecijska 
varijabilnost vrednosti osobina je istraživana pomoću standardnih statističkih analiza (One-way ANOVA i linearna regresiona anal-
iza). Vrednost osobina je uglavnom imala visoku inter-populacionu varijabilnost (više od 90% za svaku od vrednosti osobina poređenu 
sa intra-populacionom varijabilnošću svake osobine) ukazujući na adaptaciju populacija osobinama staništa. Mnogo veća intra- u 
odnosu na inter-populacionu varijabilnost specifične površine lista ukazuje na lokalni diverzitet mikro-staništa i može poslužiti kao 
puffer stresa izazvanog budućim klimatskim promenama. Sve vrednosti osobina lista su negativno slabo ili umereno korelisane sa 
nadmorskom visinom. Negativna korelacija verovatno ukazuje na određeno povećanje ograničavajućeg uticaja visinskog gradijenta 
povezanog sa promenama temperature, dostupnosti nutrijenata, sadržaja vode i jakog sunčevog zračenja. U cilju donošenja sigurnijih 
zaključaka o intraspecijskoj varijabilnosti vrste T. involucratum, neophodna je šira studija vrsta duž njihovog visinskog gradijenta.

Ključne reči: funkcionalne osobine lista, specifična povšina lista, Myosotis involucrata, Dagestan, severni Kavkaz 
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