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Abstract       The studies performed in Pricopan Peak- Macin Mountains 
National Park, between 2005 and 2009, sought to emphasize the correlation 
between specific climatic elements of the area and the phenological phases of 
50 herbaceous species within the park. Phenological observations were 
carried out continuously in key territories and areas covered by all types of 
pytocenosis. Climatic diagrams were created using the Gaussen-Walter 
system for climate representation. The data obtained was expressed 
quantitatively which is more conclusive than a descriptive expression. The 
results of this research show that multiannual variations of ecological factors 
 influenced the phenological phases and the vegetation was able to adapt to 
changing ecological factors. The results of the study shows that the 
differences in phenological phases are evident, however not profound, and 
their occurrence is correlated to the higher or lower levels of arid climate 
within the studied periods of time. The research ensures the scientific basis 
necessary in creating maps of phenological aspects useful in planning 
ecological reconstruction of natural eco-systems, and of the exploitation of 
natural resources within the park area. These observations may also be used 
to restrict tourist’s access in designated areas during certain periods of time, 
in the strict protected areas and to preserve local biodiversity (Petrescu, 
2007).   
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Macin Mountains flora is characterized by 

richness and diversity; in regard to the composition, its 

composition is similar to the flora of Turkey, the 

Crimea and in neighboring Moldova, Bulgaria and 

Serbia (1, 6). 

Currently, in the Macin Mountains, there are 

only descriptive research studies regarding flora and 

vegetation, as well as their distribution based on 

physical and geographical factors (1, 7, 15).  

An analytical study of environmental factors 

and their relationship to the vital processes of the 

plants has been carried out on the Babadag Plateau (3, 

6). 

An overview of the relationship between 

vegetation and ecological factors of cause-effect is 

difficult to achieve (3). Such complex ecological 

research "in stationary" (11) on the distribution of 

phenophases, correlated with the character of local 

climatic factors, were made in Macin Mountains only 

in woody species (9). Thus the special character of 

these researches, which takes the statistical issues 

important to the park, but which cannot be generalized 

on a large scale than North Dobrogea Plateau. 

Research results, provide scientific 

substantiation for the phenaspects mapping, which can 

be used as a basis for planning work in ecological 

reconstruction of natural ecosystems, and natural 

resource exploitation activities in the park area. These 

observations also serve tourists access regulation in 

certain areas and / or periods, in the integral protection 

zones, to preserve local biodiversity unaltered (17). 

 

Methods 

 
Observations were made in Pricopan Peak- 

Macin Mountains National Park, between 2005-2009 

and we monitored the development of phenophases in 

50 herbaceous species, coupled with the dynamics of 

climatic elements, temperature and rainfall. 

Observations were carried out in "key areas" 

which is the general picture of environmental 

conditions in the park: height, sunny slopes and shady 

slopes, foot of slope with sunny and shaded exhibition, 

wide and narrow valley and wet. 

Study on phenaspects requires systematic 

works of field data collection, determination of species 

(2, 5, 18) and data processing according to the 

methodology used in the specialty literature (3, 6, 10, 

11). In selecting taxa for priority observation were 

made for those considered threatened (14), and those 

with high percentage of park plant associations (16). 

Findings were performed on phenological 

populations in large areas containing 40-50 individuals 

of all species proposed for research. Calendar of data 
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Fig. 1–Gaussen-Walter climatic diagram for Macin 

Mountains area: 

a- meteorological station; b- altitude; c- years of 

observation; d- annual mean temperature; e- annual 

mean precipitations; f- monthly mean temperature of 

the coldest month; g- absolute minimum temperature; 

h- average temperature of the hottest day; i- absolute 

maximum temperature; k- period of minimum 

temperatures, below 0ºC; l- monthly mean 

temperature curve; m- precipitation curve ½ scale; n- 

precipitation curve, 1/3 scale; o-drought periods; p- 

dry periods; r- wet periods. 

 

collection plan was drawn up having in view that 

observations are carried out in grassland steppe, 

characterized by dominance of species with fast-

growing herbaceous species. Starting in January and 

February when vernal plants spring up and when vernal 

sap starts from trees and shrubs, findings were made at 

5-6 days, and from March to April in 4-5 days. From 

the second decade of April to the end of June when the 

park runs all phenophases, the observations were made 

at shorter intervals at 3-4 days. In July and August, 

during the ripening of fruit, coloring or drying of 

leaves and stems of herbaceous species, observations 

were needed again at 4-5 days and in September and 

October when the leaves start coloring, fruit ripening 

and woody species to disseminate, observations were 

made at 5-6 days. In October and throughout 

December observations were made for monitoring the 

presence of late flowering plants, observations were 

made weekly. 

The phase was considered the first since its 

alert until the last individuals of the population. For 

example, flowering phenophase was considered as 

follows: appearance of first flowers, mass flowering, 

withering of first flowers, and end of flowering.  

To correlate conducting phenophases with 

climate elements we used data provided by the 

Environmental Protection Tulcea Agency, closest 

Macin Mountains venue research. To correlate 

conducting phenophases with climate elements we 

used data provided by the Environmental Protection 

Tulcea Agency, closest Macin Mountains venue 

research. For climate representation, climatic diagrams 

were created using the Gaussen-Walter system. For the 

temperate climate, the right scale for temperature 

representation (T) and precipitation (P) is T/P = 1:2 

which defines humid and arid periods, and T/P =1:3 

scale which allows for the separation of the dry periods 

(3, 11). 

 

Results and Discussions 
1. Climate characterization based on diagrams 

A comparative analysis of the temperature 
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between 2005-2009 shows that 2007 was characterized 

by the highest isothermal values: 10 % higher than the 

average of 2005, 12% higher than 2006 and 2009 and 

4.6% higher than 2008. Regarding the monthly mean 

temperature, 2007 had the highest values, while the 

differences between the other years were 1-2ºC (22). 

The mean monthly rainfall curve has 2 

maximum, one in June, when summer begins and 

another one in autumn. For Dobrogea, multiannual 

climatic tables show the first wet maximum in June as 

well (19, 21). According to the classification system of 

the climates (8, 20), Pricopan Peak is characterized by 

moderate continental climate, with sub-Mediterranean 

influences due to the distribution in precipitation, with 

two annual maximums, at the beginning and at the end 

of the vegetation phase and relatively high mean 

annual temperature (11ºC). 

The results of the climate analysis, the number 

and length of dry periods shows that 2007 (13) and 

2009 had a climate less favorable to vegetation. 

2. Phenological Results 

Vegetative phase. Seedling emergence occurs 

in January with Crocus reticulatus and in February 

with Lamium amplexicaule, Ranunculus illyricus, Poa 

bulbosa, Rumex acetosella, Holosteum umbellatum. 

The comparative observations carried out 

during the five years of research reveal slight variations 

in the commencement of the vegetative phase, a fact 

that was correlated to the corresponding temperature 

values of this phenological phase (fig.2). 

In 2007 the vegetative phase was observed 

commencing in January for more than 50% of the 

species. The early start in 2007 may be due to the very 

mild (5.2ºC average) and humid winter (159.5 l/m
²
) of 

2006 and high average temperatures recorded in 

January 2007 (5.3ºC), compared to the average 

temperature of the other years (22). These results 

indicate the existence of a relationship between 

temperature and intensity of physiological processes in 

plants (3). Thus, seedling emergence was possible in 

January due to positive temperatures (>0ºC), in 2005 

(2.4ºC), 2007, 2008 (0.4ºC) and 2009 (0.8ºC). January 

2005 was the coldest month (-3.9ºC) and the least 

favorable to the vegetation. 

The peak vegetative phase occurs in March at 

47% species, slightly decreases in April (27.8% 

species) while in May only 3.6% of species show fully 

grown vegetative shoots and floriferous stems. The end 

of leafing occurs in mid June in Allium guttatum, while 

with Sempervivum zeleborii the vegetative phase lasts 

longer until September-October. 

Flower budding phase starts in January with 

Crocus reticulatus and slightly decreases towards the 

end of June. Flower buds can still be observed at the 

end of July in a few species: Moehringia grisebachii, 

Dianthus nardiformis, Allium guttatum, Allium flavum 

ssp.tauricum, Helichrysum arenarium, and in August 

by Silene compacta, Linaria genistifolia, and 

Sempervivum zeleborii. 

Phenological variations of 5 to 20 days 

recorded for the beginning of this phase can be 

correlated with the variations in air temperature (1-2ºC) 

recorded during this month and also with freezing 

days, air humidity, wind direction and intensity.  

Flowering phase occurs from the second half 

of January with Crocus reticulatus, followed in 

February with Gagea minima and later in March with 

Lamium amplexicaule, Gagea pusilla, Holosteum 

umbellatum, Alyssum alyssoides, and Viola odorata. 

Data collected in the field reveals variations 

regarding the commencement of flowering phase of 

herbaceous species. Thus, flowering phase began in the 

second half of January only between 2007-2009. The 

delay of this phenophase past January 2006 can be 

Fig. 2 Leafing beginning in herbaceous species, between 2005-2009 
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correlated with low temperatures below 0ºC recorded 

for the month (-3.9ºC). 

Mass flowering in more than 50% of species 

(Fig. 3) is made from mid-May and throughout June 

including. For most of the gramineae species (Phleum 

phleoides, Melica ciliata ssp. taurica, Festuca 

valesiaca etc.), peak flowering occurs in June as well. 

Starting with July, the number of herbaceous 

species in the flowering phase decreases (with 

approximately 25%), continuing in August (with 

approximately 10%), while in September only Linaria 

genistifolia, Silene compacta, Alyssum murale, 

Solidago virgaurea, Campanula romanica, Dianthus 

nardiformis, Allium flavum show flowers. 

In Dobrogea water is the restrictive factor for 

vegetation (6, 16), as a result of the annual variation in 

the climate (11), physiological modifications in plants 

occur (3). This would explain peak flowering in June, 

before the long drought periods in July and August 

(fig.1) 

Once again the correlation between flowering 

and temperature levels was established. Species such as 

Allium flavum and Allium guttatum, show flowers in 

June 2007 (23.2ºC) and in July in the other years of the 

research (average 23ºC). Viola odorata, Holosteum 

umbellatum, Gagea pusilla show flowers in the second 

decade of March in 2007, 2008 (8ºC) and in the first 

decade of April in 2005, 2006 and 2009 (average of 

10.5ºC). 

Important to note is the presence of late 

flowering plants (12, 3). Thus in late autumns of the 

years 2008 (24.X), 2007 (10.X) and 2006 (09. XII) 

there were flowers in: Linaria genistifolia, 

Sempervivum zeleborii, Teucrium polium 

ssp.capitatum, Solidago virgaurea, Alyssum murale, 

which typically bloom in fall and regeneration flowers:  

Moehringia grisebachii, Silene compacta, Campanula 

romanica, Dianthus nardiformis, Achillea coarctata, 

Thymus zygioides, Silene cserei. Although a vernal 

plant, Viola odorata distinguishes by early (advance) 

flowering d in December of 2006. 

Fructification was observed the earliest in 

February with Crocus reticulatus, Gagea minima, 

Gagea pusilla, Holosteum umbellatum and the latest in 

August with Sempervivum zeleborii, Linaria 

genistifolia, Veronica spicata, Centaurea salonitana. 

As far as fruit ripening (fig.4), the phase 

begins in March in 3.6% of species (Crocus 

reticulatus, Gagea minima i.e.), increases slightly in 

April in 5.6% of species (Gagea pusilla, Tussilago 

farfara, Scilla bifolia) while in May is present in 

11.2% of species (Muscari racemosum, Holosteum 

umbellatum, Viola odorata). 

Peak fructification occurs in approximately 

75% of the species in June (Alyssum saxatile, 

Ranunculus illyricus, Potentilla recta, Stipa 

lessingiana, Poa bulbosa etc.) July (Vincetoxicum 

hirundinaria, Allium rotundum, Phleum phleoides, 

Sedum urvillei, Thymus zygioides etc.) and the first half 

of August (Achillea coarctata, Allium guttatum, 

Convolvulus cantabricus, Festuca valesiaca, Dianthus 

nardiformis Silene cserei, Teucrium chamaedrys, 

Campanula romanica). Ripen fruits are observed in 

September in (Solidago virgaurea, Linaria genistifolia, 

Silene compacta), and in October in the species with 

extended flowering phase (Solidago virgaurea, Linaria 

genistifolia, Moehringia grisebachii, Campanula 

romanica etc.). 

Fig. 3 Mass flowering in herbaceous species, between 2005-2009 
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Peak fructification occurs in June, July and 

August and is correlated to the presence of dry and 

semi-dry periods. The prolonged drought of April-May 

2007 (fig.1) accelerated the flowering phase in aestival 

species, followed by fruit ripening in July with a 

highest value (39%) of the analyzed periods. The 

drought of April 2009 was short, with no intensity and 

followed by a very wet period, and therefore had less 

influence upon vegetation. As a result the phenophase 

was not different from other years of the research. 

End of vegetative phase occurs very early 

(01.03.2007) in Crocus reticulatus, and other geophyte 

species (Gagea minima, Gagea pusilla, Muscari 

racemosum, Scilla bifolia), and vernal plants (Anthemis 

austriaca, Tragopogon dubius, Sanguisorba minor 

etc.), the end of vegetative phase is observed in the 

second half of April and the first decade of May (fig.5). 

Peak in leaf and stalk coloration and drying 

occurs for approximately 74% of herbaceous species, 

starting with the last decade of June (Leontodon 

Fig. 4 Ripening fruit mass in herbaceous species, between 2005-2006 

Fig. 5 Vegetation end in herbaceous species, between 2005-2009 
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crispus, Achillea coarctata, Melica ciliata, Lychnis 

viscaria, Iris sintenisii, Hieracium pilosella etc.) until 

the second decade of August (Thymus zygioides, Silene 

cserei, Centaurea salonitana, Helichrysum arenarium, 

Rumex acetosella). In most of plants, the beginning of 

leaf coloration or drying occurs before the end of 

flowering phase. 

Vegetative pause is distinct with a layer of 

dried annual and perennial herbaceous plants whose 

aerial parts remain intact during the winter such as: 

gramineae (Stipa capillata, Festuca valesiaca, Melica 

ciliata etc.), and other species: Achillea coarctata, 

Silene compacta, Linaria genistifolia, Verbascum 

phlomoides, Centaurea solstiţialis, and Centaurea 

difussa. 

Vegetative pause begins the earliest in March 

(fig.6), with geophytes (4) such as Crocus reticulatus, 

followed in April-May by Gagea, Scilla bifolia, 

Muscari racemosum, Orchis simia, Iris suaveolens, 

and in June with Polygonatum odoratum, Allium 

rotundum while Allium guttatum and Allium flavum 

start the latest, in September. 

Vegetative pause occurs the earliest in May 

with teropyte species such as Holosteum umbellatum, 

but for most of them (approximately 60%) the 

vegetative pause occurs in July (Alyssum alyssoides, 

Anthemis austriaca, Tragopogon dubius etc.) and the 

latest in November (Silene compacta). 

Hemicryptophytes enter their vegetative pause 

the earliest in June, with Poa bulbosa, Stipa 

lessingiana etc. For approximately 37% of them, 

vegetative pause occurs in September (Achillea 

millefolium, Viola odorata, Phleum phleoides, 

Veronica spicata etc.), however there are species 

beginning their vegetative pause in November (Silene 

compacta, Solidago virgaurea, Moehringia 

grisebachii, Dianthus nardiformis etc.). Vegetative 

shoots are noticeable starting with July in Leontodon 

crispus, Tragopogon dubius, in August in Phlomis 

tuberosa, Hieracium cymosum and in September-

October in Achillea millefolium and Achillea coarctata. 

Vegetative pause starts in chamaeophytes in 

July, with Alyssum saxatile, Lychnis viscaria, 

continues in September (Thymus zygioides, Alyssum 

murale etc.) and October (Campanula romanica, 

Teucrium polium etc.). 

Entry at rest does not match the species 

analyzed, aspect that can be correlated with expression 

of climatic factors. Thus advancing in the phenophases 

in 2007, was determined by the duration (122 days) 

and intensity of drought (fig. 1), which coincided with 

a growing season almost all species in the park. 

A special aspect of phenological observations 

was the high abundance of different species in some 

years. Thus 2005, 2006 were years of Silene compacta 

(in 2007, 2008 was rare), 2007 favorable to Potentilla 

recta, Stipa lessingiana, Campanula rapunculus, 2008 

was the year for Althaea pallida (rare in 2005, 2006, 

2007 ) and Alyssum murale (rare in 2005, 2006), 2006 

a favorable year to Campanula sibirica. 

The time interval 2005-2009, Pulsatilla 

balcana was observed only in 2006, and Orchis 

purpurea only in 2007. 

 

Conclusions 
 

Multiannual variations of ecological factors 

influenced the phenological phases, vegetation having 

a well known ability to adapt to changing ecological 

factors. Differences in phenological phases are evident, 

Fig. 6 Dormant vegetative phase in biological forms  
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however not profound, and their occurrence is 

correlated to the higher or lower levels of arid climate 

within the studied periods of time. 

These results regarding the phenophases 

development correlated with the dynamics of climatic 

factors support the hypothesis that a major climate 

change would have consequences on biodiversity 

through species extinction in the park. 

No doubt, the dynamic character of the 

climate constitutes one of the main causes of changes 

within the phenological phases. However, the process 

itself may be as well influenced by other factors such 

as: wind direction and intensity, atmospheric humidity, 

changes in landscape, sudden variations in temperature, 

and pollution. 
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