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Studies from different parts of the world have generated 
evidences of the effects of climate change on pheno-
logy and persistence of species. However, datasets or 
evidences are lacking for majority of the regions and 
species, including the climate-sensitive Himalayan 
biodiversity hotspot. Recognizing this gap in the  
information and realizing wide-ranging implications 
of such datasets, the present study generates evidences 
of changes in flowering phenology of an important 
trees species, Rhododendron arboreum in Indian cen-
tral Himalaya. Real-time field observations (2009–
2011) showed peak flowering during early February to 
mid-March. Analysis on long-term temperature data 
revealed significant (P < 0.01) increase in seasonal 
(winter and post-monsoon) and annual mean maximum 
temperature. Generalized additive model (GAM)  
using real-time field observations (2009–2011) and 
herbarium records (1893–2003) predicted 88–97 days 
early flowering over the last 100 years. Furthermore, 
GAM using long-term temperature data, real-time 
field observations and herbarium records depicted 
annual mean maximum temperature responsible for 
shifts in flowering dates of the target species. The study 
provides an important insight of species response to 
climate change in the Indian central Himalaya and 
highlights the need for further research on the subject 
to improve our understanding of the effects of climate 
change on species and consequently on ecology of the 
region. 
 
Keywords: Climate change, flowering phenology, her-
barium records, Rhododendron arboreum. 
 
THE phenological responses of plants, particularly the 
early flowering ones, are considered among the promi-
nent biological indicators of climate change1,2. In this  
respect, various studies from different parts of the world 
have provided convincing evidences3–7. However, most of 
these studies have relied on long-term datasets, created 
for the specific purpose of phenological measurements5. 
Unfortunately, for many regions and species such data-
sets/documentation are/is often not available6. Therefore, 
the need to have new source of data to build a more com-
plete global picture is evident. 
 The Indian Himalayan Region (IHR), recognized 
amongst 34 global biodiversity hotspots (Conservation 
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Table 1. Site characteristics and flowering intensity in Rhododendron arboreum in different localities during 2009–2011 

 2009 2010 2011 
 

  Elevation Habitat  Flowering  Flowering  Flowering 
Locality (m amsl) (forest type) Date (%) Date (%) Date (%) 
 

Shyahidevi 2110 Mixed-oak 3 February 61.11 5 March 60.00 9 March 50.00 
Binsar 2010 Pine–oak mixed 4 February 76.19 25 February 42.86 11 March 44.28 
Jalana 1950 Oak  5 February 76.00 6 March 48.75 9 March 53.13 
Kalika 1800 Pine 6 February 85.71 26 February 54.29 11 March 41.43 

 
 
International 2004), is known for higher sensitivity to 
climatic perturbations8, and is often referred to as data-
deficient region9. This deficiency of information, among 
others, is also prevalent for phenological observations10. 
Therefore, the precise answer to a fundamental question 
about how phenological events in the region are changing 
as a result of climate change and what will be the future 
trends is lacking. 
 Realizing the above and considering the possibility that 
in absence of long-term documented records, the biological 
collections from museums, herbaria, zoos, botanical gar-
dens and research stations can be utilized gainfully for 
determining patterns of responses to changing climate5,6,11, 
the present study attempts to generate evidences of 
changes in flowering phenology of one of the common 
and widely known species, Rhododendron arboreum 
Smith in central Himalaya, India. 
 R. arboreum vern. Burans (family Ericaceae), a small 
evergreen tree, is known for its conspicuous deep red or 
pale pink flowers across the central Himalayan province of 
India. It commonly occurs between 1200 and 3500 m amsl, 
and often dominates under canopy layer of different oak 
(Quercus) forests, including Quercus leucotrichophora 
and Quercus floribunda forests in low to mid hills and 
Quercus semecarpifolia forests in high hill areas. 
Throughout the region, the species commands a high 
socio-cultural reverence and has been designated as the 
‘state tree’ of Uttarakhand. 
 We studied the species on account of frequent media 
reports in recent years of its early flowering in the region, 
and broadly attributing this to climate change12,13. The 
reports, however, demanded scientific evidences to prove 
the case. 
 In view of complete lack of long-term phenological  
records, the study considered three different but related 
approaches for generating evidences to explore reasona-
bly sound trends of changes. The evidences were gener-
ated from: (i) Real-time field observations on frequency 
of flowering from represented sites – Four sites with 
abundance of R. arboreum were identified in Kumaun, 
central Himalaya (Table 1) and surveyed during the first 
week of February–March end (in 2009, 2010 and 2011). 
In each site, five quadrats (10  10 m) were randomly 
placed within a plot of 50  50 m. The numbers of flow-
ering trees against total trees of target species in indivi-

dual quadrats was recorded. Quadrat information was 
pooled to determine the percentage flowering in each site. 
(ii) Long-term weather data (temperature) analysis of the 
region – temperature data for preceding 41 years (1971–
2011) were obtained from a nearby meteorological station 
(i.e. Vivekananda Parvatiya Krishi Anusandhan Sansthan, 
Hawalbagh, Almora, 1250 m amsl). Following Gaira et 
al.11, temperature data (maximum and minimum) were 
analysed annually and seasonally (winter: December–
February; summer: March–May; rainy: June–September; 
post-rainy: October–November). (iii) Synthesis of long-
term historical information from herbarium records – the 
herbarium specimens of target species, collected between 
1893 and 2003 from various parts of Uttarakhand, were 
examined at Botanical Survey of India (BSI), Dehradun; 
Forest Research Institute (FRI), Dehradun, and National 
Botanical Research Institute (NBRI), Lucknow, and date 
of collection was recorded. Assuming that the specimens 
are essentially collected during peak flowering phase, the 
information obtained was analysed for trends of flower-
ing in the region. Towards developing a phenological 
model, the flowering dates were reconstructed as day of 
year (1 DOY = 1 January) and determined as a response 
variable (i.e. flowering time). 
 Long-term herbarium-based phenological change mod-
els require specific statistical methods for handling the 
complexity of data structure, i.e. non-normal and nonlin-
earity11. In this context, the generalized additive model 
(GAM), which allows for choosing a wide variety of dis-
tributions for the response variable and link functions, 
especially to improve the quality of prediction14, was  
applied in the present study. 
 The information obtained on flowering frequency of R. 
arboreum clearly reveals greater proportion of individu-
als in flowering stage during February–March (early Feb-
ruary 2009 (61–86%), late February to early March 2010 
(43–60%) and early March to mid March 2011 (41–
53%)) (Table 1). 
 While analysing the seasonal and annual temperature 
(maximum and minimum) data for the area using Spear-
man’s correlation, significant increase in mean maximum 
temperature during winter (r = 0.561; P < 0.01) and post-
rainy (r = 0.398; P < 0.01) season was revealing over a 
time span of nearly four decades (Table 2). Also, annual 
mean maximum temperature exhibited significant increase 
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Table 2. Spearman’s correlation between temperature (maximum and minimum) and years 

 Season 
 

Temperature Winter Summer Rainy Post-rainy Annual 
 

Minimum –0.285 –0.114 –0.136 –0.062 –0.080 
Maximum 0.561** 0.129 –0.289 0.398** 0.502** 

**Values are significant at P < 0.01. 
 
 

 
 

Figure 1. Long-term (1971–2011) trends of annual temperature (a) 
maximum and (b) minimum for Hawalbagh, Almora (1250 m amsl). 
Bold line indicates trends in the 3-years moving average. 
 
 

(r = 0.502; P < 0.01) over the time. The three years mov-
ing average trend of annual mean maximum temperature 
showed warming signals (Figure 1). However, no such 
significant trends of change were observed in the case of 
minimum temperature. 
 Having known the current dates of flowering and over-
all temperature trends from the study area during the last 
four decades, we attempted to construct phenological 
change models using the herbarium records and field ob-
servations (Figure 2). When considering current flower-
ing dates along with herbarium information (1893–2003), 
GAM showed significant early flowering over the last 
100 years (88–97 days; GAM coefficient = –0.926, SE = 
0.037, R2 = 37.89, P < 0.001). Furthermore, while estimat-
ing the responses of flowering time along the increasing 
annual temperature (maximum), GAM showed 44–49 days 
early flowering (GAM coefficient = –46.23; SE = 2.27; 
R2 = 64.68; P < 0.001) of the target species. 
 In general, most of the old literature indicates flower-
ing phase for R. arboreum from March to May15, with  
occasional flowering in January15,16. However, the pre-
sent field observations over three years revealed consid-
erably higher frequency (47–75% trees) of bloom during 

February–March, which provides a strong basis to prove 
other observational reports of advancement in flowering 
events of target species from spring to winter13. As the 
observation sites (1800–2100 m) represented the mid-
altitude range of species distribution, it is further as-
sumed that these dates would represent average timing of 
its bloom in the region. 
 Definite advancement in flowering time over 119 years 
based on herbarium and real-time field observations (88–
97 days early) further provides clear evidence of consider-
able advancement of flowering incidences. This ad-
vancement is, however, much more than that reported by 
Gaira et al.11 in Aconitum heterophyllum species over the 
last 100 years, using herbarium records from IHR, which 
revealed 17–25 days advancement in flowering, attributed 
to increased warming during winter months. In general, 
more rapid advancement of flowering in different species 
in recent decades has been reported from other parts of 
the globe17,18. Such advancement is most often attributed 
to corresponding increase in temperature18,19. 
 Other reports, wherein herbarium records are linked 
with phenological observations of field data, have also 
established the trends of early flowering in some woody 
plant species owing to increased mean temperature6. The 
present study is largely in agreement with that of Miller-
Rushing et al.6, which indicated an increasing annual and 
seasonal (i.e. winter and post-rainy season) maximum 
temperature. These inferences might be considered as an 
influencing signal for early flowering. As such, based on 
long-term data analysis, early flowering in plant species 
has been attributed to their greater responsiveness to tem-
perature variations18. 
 We are, however, aware of the fact that: (i) the tempe-
rature data, as they reflect lower extreme of altitude range 
for the species, cannot be treated as the true reflection for 
the entire altitude range; (ii) the herbarium specimens 
also cannot be considered as absolute evidence for flow-
ering dates. In spite of these limitations, three years of 
real-time field observation and GAM-generated trends 
would certainly confirm advancement of flowering in R. 
arboreum. Cumulative, long-term herbarium records and 
three years field observations based GAM provide evi-
dence of high rates of change in flowering time (earlier), 
which can be attributed to increasing annual mean maxi-
mum temperature. While the estimates of change need to 
be treated as most conservative, the trends definitely 
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Figure 2. GAM-predicted changes in flowering period of Rhododendron arboreum in relation to: (a) using herbarium records 
(1893–2003) and field data (2009–11) and (b) annual mean maximum temperature (1971–2011). 

 
 
warrant attention as an indicator of climate change  
impacts on flowering phenology of prominent regional 
species, and the likely consequences for ecosystem pro-
cesses. 
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