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Abstract 

 

The United Kingdom currently maintains the worldôs highest distribution of 

Hyacinthoide non-scripta (Lilacease) of approximately 25% to 50%, but now sees this 

species under threat from anthropogenic mediated introductions primarily from the 

Iberian Peninsula (Kohn et al., 2009; Grundmann et al., 2010; Allum, 2016). Recent 

civilian science based surveys by the Natural History Museum and the Woodland Trust 

suggest the balance between the invasive Hyacinthoide hispanica and native species 

now places the endemic H. non-scripta under threat of national and international 

(Europe) elimination through hybridisation (Grundmann et al., 2010; Marquardt, 2016). 

Surveys and studies have clarified a genetic drift (Kohn et al., 2009; Grundmann et 

al., 2010; Allum, 2016; Marquardt, 2016) towards the potential prevalence of the 

Hyacinthoide x massartiana by assessing competitiveness and hybridising 

interactions between native and alien taxa through co-occurrence and abundance in 

relation to habitat occupied, land type cover and phenotypic variables on a large 

geographic scale (Kohn et al., 2009; Allum, 2016). The aim of this research/study is to 

establish whether hybridisation is limited by natural topographical features and flora 

density of a deciduous woodland or alternatively, demonstrate that no natural feature 

is able to limit the gradual silent extinction of the H. non-scripta from the United 

Kingdom. To do this a woodland was selected based on its variability of flora and 

topographical features. An area of 4.8km² was surveyed using geographical system 

positioning to plot every group of bluebells by position, area and elevation. Each group 

was counted using a random cluster sampling method and an in depth analysis was 

conducted at all elevations with the use of a random generator to determine area to 

be surveyed. All explanatory variables: density, flora types, atmospheric and ground 

temperatures, incline, pH, wind speed, luminosity and soil construct were recorded. 

Results showed (1) native species were only 42.17% of all bluebells recorded, (2) 

distribution of both species types were recorded at all elevations, (3) H. hispanica 

related to variable associated to areas of human habitation. The distribution of data 

suggests that through the introduction of invasive species the flow of genetic 

gradualisation is turning towards a landscape saturated by hybrids, (4) that elevation 

was not the determining factor that limited the complete hybridisation of H. non-scripta. 
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Chapter 1:  Introduction 

1.1  Evolution and Distribution of Asparagaceae Scilloideae 

Bluebells are a bulbous (monocotyledon) perennial that is part of the genus 

Hyacinthoide Heist. Ex Fabr. Presently there eleven species within the group with 

one known hybrid. Recently their taxonomy and relationship were phylogenetically 

revised from the group known as Hyacinthaceae (Grundmann et al., 2010) into the 

family Asparagaceae s.I (APG III, 2009), sub-family, Scilloideae, of the genus 

Hyacinthoides (Pierre Chouard: 1934) (Pfosser and Speta, 1999). Prior to the 

bluebells new classification, bluebells were commonly referred to as Endymion non-

scriptus or Scilla non-scripta (Johann Centurius von Hoffmannsegg and Johann 

Heinrich Friedrich Link transferred species to Scilla in 1803 and Christian August 

Friedrich Garcke transferred species to Endymion in 1849). 

The origin of the bluebell through the family Hyacinthoideae sensu (Chase et al., 

2009) has been traced back to sub-Saharan-Africa where it is thought to have been 

established around the Miocene period (Ali et al., 2012; Buerki et al., 2012). 

Dispersal into the Mediterranean region was thought to have started around 20 

million years ago (mya) (Buerki et al., 2012).  

With the aid of molecular clock dating, using plastid sequences, it is suggested that 

the origins of the Iberian species originated approximately 5.81 million years ago 

(mya) (Ali et al., 2012) prompted by the start of diversification initiated through the 

large scale desiccation of the Mediterranean sea during the Messinian salinity crisis 

of around 5mya (Grundmann et al., 2010). Further diversification was thought to 

have occurred with the split of the H. non-scripta and H. hispanica clade by 

Pleistocene glaciation cycles around 2.58mya (Grundmann et al., 2010). 

The family Hyacinthoideae has since divided into three monophyletic tribes; with one 

group restricted to the French/Italian Alps and two groups overlapping in the 

southern Iberian Peninsula and Northern Morocco. The Hyacinthoideae variants 

(reclassified as Scilloideae Hyacinthoides) are now considered to have a strict 

Mediterranean origin. 
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Western Iberian Peninsula maintains a widespread distribution of five species within 

the genus Hyacinthoides. Grundman et al., (2010) confirmed the geographical 

distribution of the five variants using DNA extraction, PCR (Polymerase Chain 

Reaction) amplification and sequencing. These analysis confirmed the following 

species: H. non-scripta, H. hispanica, H. paivae, H. reverchonii and H. mauritanica 

(Figure 1). Grundman et al., (2010) also confirmed within that study, the existence of 

an unknown species located in north east of Spain. 

The distribution of these five species are separated into two clades. The south 

western/central clade (southern Portugal and south eastern Spain) are comprised  

of the H. mauritanica (ma) and H. reverchonii (re). It is suggested that both species 

types (H. mauritanica and H. reverchonii) have achieved phenotypical variation as a 

consequence of speciation by geological separation due to no range overlap. This is 

in comparison to the second clade which covers the north east and mid northern 

area of Spain. Species variants includes: H. non-scripta (ns), H. paivae (pa) and H. 

hispanica (hi). The second clade (north east and mid northern Spain) comprises a 

widespread distribution resulting in two haplotypes of the H. non-scripta and H. 

hispanica plus an unknown phylogenetic origin for the H. paivae (Ortiz and 

Rodrguez-Oubi~na, 1996; Ortiz et al., 1999). Like the H. mauritanica and H. 

reverchonii, the unknown origin of the H. paivae is due to geographical separation. 

1.2 Distribution of H. non-scripta and H. hispanica 

Currently, the British form of the H. non-scripta (L.) Chouard ex Rothm., ranges from 

the north west of Spain, spreading along the Atlantic coast (northern France, 

northern Belgium and south west Holland) into the British Isles (Grundman et al., 

2010). Expansion into the British Isles is thought to have occurred post glacial (cca., 

8 TYA) from northern France using the English Channel land bridge that is thought to 

have been present during the that time (Hewitt, 1999); alternatively, it is postulated 

that bluebells were transported by migrating/trading humans that used the bluebell 

bulbs for their ethno-medicinal effects (Hodkinson and Thompson, 1997). 
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Distribution of hyacinthoides is via two forms, seed germination and distribution 

through loculicidal dehiscence and natural vegetative reproduction. Bluebells prefer 

slightly acid soils as within the same woodland niche, alkaline conditions would 

normally be occupied by other species (Packham, 1992). As an adaptive woodland 

species, the young seed radicle is able to penetrate through a thick layer of leaf litter.  

Seed germination in both the H. non-scripta and H. hispanica is determined by a 
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Figure 1. Geographical distribution showing flower variation with a simplified phylogeny of Hyacinthoides 

species. Dark pink circle indicates an area in northern Spain indicates with a known distribution of unidentified 

species. 

(Distribution and phytogenic information by Grundman et al., 2010) (Images from Grundman et al., 2010)  

Map: 1:250,000 Raster (TIFF Geo-Spatial) 1:250,000 OS Global Outline, Updated 2019, Using; Edina Digi-map Ordnance 

Survey Service < https://digimap.edina.ac.uk/roam/download/os> Downloaded: March 2019. 

Maps created using QGIS 2.16.1 NØdebo. 
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two-phase temperature treatment due to their need to adapt to their distribution 

range (Blackman and Rutter, 1954; Thompson and Cox, 1978; Vandelook and van 

Assche, 2008). Distribution is based on temperature with the highest and lowest 

seasonal peaks prompting either seeding or natural vegetative reproduction 

(Blackman and Rutter, 1954). Bulbs have contractile roots and over the season draw 

themselves deeper into the soil. Primary bulbs produce daughter bulbs with each 

new bulb giving rise to a new plant.  

1.3  Ethno-medicinal and Industrial Use 

The bulb of the bluebell contains reserves of carbohydrate and sucrose in the form of 

fructose (fructan) (Brocklebank and Hendry, 1989). Throughout history the sticky sap 

produced by the bulb has been used in the manufacture of arrow-heads, the fixing of 

book bindings and as a starch that created a rigidness to the cuffs and collars of 

Elizabethan clothing (Simmonds and Sims, 2004). Medicinally, bluebells have 

supported the treatment of leprosy, snake bites (Simmonds and Sims, 2004), and 

leucorrhoea (discharge of mucus from the vagina) (Mulholland et al., 2013). 

Bluebells contain glycosidase-inhibiting alkaloids (Watson et al., (1997) and are 

known to cause abdominal pain, dysentery, lethargy and dullness in mammals once 

consumed (Simmonds and Sims, 2004; Watson et al., 1997). 

 

1.4  Overview of Bluebells in the British Isles 

 

The United Kingdom currently maintains an estimated 25 to 50% of the worldôs 

population (Ingrouille, 1995) of Hyacinthoide non-scripta (L) Chouard ex Rothm. In 

Scotland the native/British bluebell (H. non-scripta) is referred to as the harebell, 

Campanula rotundifolia. The distribution of the H. hispanica (Mill.) Rothm., in 

contrast, only occurs naturally in the central to western regions of the Iberian 

Peninsula (Grundmann et al., 2010). 

The H. non-scripta has come under threat due to over grazing, changes in land use, 

over exploitation due to commercialisation and more importantly, through the 

introduction of non-native horticultural varieties (Kohn et al., 2009) such as the 

Hyacinthoide hispanica (Mill) Rothm. This has led to the hybridisation of the 
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indigenous H. non-scripta, creating a newly recognised sub-species, Hyacinthoide óxô 

massartiana (Geerinck).  

Selling of H. hispanica on a large scale commercial basis has allowed the sub-

species to become naturalised, and with pollination compatibility, ubiquitous on a 

national scale. Concerns have been expressed regarding the future of H. hispanica 

and H. óxô massartiana and its ability to outcompete and replace native species 

through a degradation of the native bluebells genetic integrity (Kohn et al., 2009). 

Due to the H. hispanica and H. óxô massartiana larger taxa (Figure 1), both species 

are now considered prevalent (Huxel, 1999 and Pilgrim and Hutchinson, 2004). 

Further decline in the population of the H. non-scripta has to be considered, 

however, it is currently not clear in how that reversal will be achieved. Currently, 

restorative actions include the removal of invasive variants, reseeding from reliable 

seed sources, the possible introduction of Wild Boar (Sus scrofa) (Sims et al., 2014) 

and a study into natural ecological breaks or hybrid zones (Marquardt, 2017).  To 

understand if a natural barrier such as topography and flora density are able to 

protect natural bluebell stocks is important for the future integrity of the H. non-

scripta. 

1.5  Status and Protection of the H. non-scripta within the British Isles 

 

Bluebells are a well-known plant with an iconic status within the British Isles. It is 

highly regarded for the swathes of violet-blue flowers and sweet scent (similar to 

sweet pea) that it produces in the ancient woodlands of the United Kingdom during 

the month of cca; April (Pigott, 1984). Rose (1999) has suggested that the H. non-

scripta is an indicator species often denoting areas of ancient (British) woodlands; 

even once the woodland has been removed.  

Bluebells are not very resilient and are prone to damage, especially through cutting, 

trampling, and over grazing either by cattle (Bos tauros) and/or wild boar (Sus 

scrofa). This is substantiated through leaf regeneration after Short-term response 

and recovery of bluebells (H. non-scripta) after rooting by wild boar (Sus scrofa) 

(Sims et al., 2014). Bluebell leaves are redefined prior to season growth and once 

damaged cannot regrow during that season (Allun, 2016). As a consequence, the 

damage leads to a resource deficit in the present and subsequent year (Cooke, 
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1997; Grime et al., 1988; Sims et al., 2014); affecting overall flora density and 

sustainability. Areas of bluebells in the past have been decimated due to exploitation 

whether that was for commercial or private use. Due to this, the H. non-scripta 

became a protected species 1998 (Kohn et al., 2009).  

For over a decade, the advancement geographically in hybridisation has been 

studied. It is clear that the primary variable as to why hybridisation has increased 

significantly, is the modern retail ability to import invasive plant species into a country 

in such large quantities, that those plants once planted, have as a consequence, 

altered the natural balance (Kohn et al., 2009).  

In 1998 the native H.non-scripta became a protected species and was listed under 

the Wildlife and Countryside Act (WCA, 1981).   

1.6 Studies and Surveys to Date 

 

The hybrid H. óxô massartiana was first noted in 1963 and since then has proved to 

be a highly aggressive and adaptable sub-species (Pilgrim and Hutchinson, 2004). A 

study in southern Scotland has seen a discernible increase in hybrid bluebells in as 

little as three years, with research in 2009 noting how prolific the H. hispanica is 

compared to the native H. non-scripta (Kohn et al., 2009).  

Due to reports of the decline in the density population of native bluebells, surveys 

have been conducted by established organisations such as the; Natural History 

Museum in conjunction with the Royal Botanic Garden Edinburgh (survey - 2006 to 

2015), the Woodlands Trust (mapping - 2017) and the Royal Botanical Society for 

the British Isles (explore and record - 2019) (Rumsey 2006), to support research and 

gather information in regards to the potential loss of the native bluebell from all 

aspects of the United Kingdomôs landscape.  

Reports and surveys have primarily dealt with the distribution of the three taxa, and 

information has been collated and analysed from sightings gathered on a social 

science basis. However, through a lack of clarification (Kohn et al., 2009, Rix, 2004 

and Grundman et al., 2010) it cannot be concluded that these data has not 

considered the subtle genetic variations in its results.  
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This research has considered all variations and based on current genetic analysis by 

Grundman et al., (2010) and Rix (2004), accepted the phenotypic criteria for the H. 

non-scripta. All other variations to the native bluebell criterion will be treated as 

invasive, however, due to the nature of the study, each variant will be confirmed 

statistically (Results: 3.1).  

By accepting these principles of recognition, it is considered that a clearer overview 

will be gathered in how the variant hyacinthoide types (Rich and Woodruff, 1992) are 

distributed amongst a valley-situated deciduous woodland; clarifying how each 

variant is distributed from the potential point of source (Marquardt, 2016). 

A preliminary review and count in 2017 of the village of Cranham, Gloucestershire 

and the adjacent woodland of the eastern side of Buckholt Wood (Figure 9), clearly 

indicated a change in genetic variations (reduction in inter-specific polymorphism) as 

the two invasive variants established themselves further away from the original point 

of source (Cranham village) in to the adjacent woodland (Marquardt, 2016 and 

Grundman et al., 2010). By assessing the observations taken, it was the aim of the 

research to understand how these changes were affected by distance and elevation 

and woodland dynamics (Allum, 2016) or whether the initial pattern observed was 

not consistent throughout the whole of Buckholt Woods.  

 

1.7  Aim of Study 

 

It is the aim of the study to establish quantitatively the following: (1) Can the natural 

environment protect the increased hybridisation of the H. non-scripta through 

woodland topography and flora density? (2) Does the local planting of the H. 

hispanica and/or the H óxô massartiana residentially, impact the United Kingdomôs 

natural stock of H. non-scripta? (3) Does hybridisation increase or decrease through 

changes in the natural organic structure of the woodland? (4) How widespread and 

abundant are is the native bluebell compared to the invasive H. hispanica and 

hybridised H. óxô massartiana? (5) To what extent do the variants co-occur? 
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Chapter 2:  Materials and Methods 

 
2.1 Study Area 

 

 

 

 

The village of Cranham along with Buckholt Woods were chosen due to their 

proximity to each other. To understand all the variables associated in the 

hybridisation of bluebells, it was necessary to use a site where human mediated 

Figure 2. Map indicating the location of Cranham village and Buckholt woods, Gloucestershire: Village - SO 

89667 12968, Buckholt Woods - SO 88944 13317. Maps created using QGIS 2.16.1 NØdebo. 
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planting of invasive bluebells (residential plus gardens) were situated close enough 

to a healthy woodland of geographical variance in topography so that data collected 

could indicate whether any of these factors impeded or increased hybridisation.    

With recent surveys suggesting a reduction in the population of native bluebells, in 

combination with a possible increase in the population of invasive bluebells, it was 

an additional aim to understand if the natural environment, with its complexities of 

geography and floral dynamics, could protect native bluebells from silent extinction.  

Buckholt woods forms part of Gloucestershireôs Cotswold Commons and Beechwood 

National Nature Reserves (NNR). This NNR is currently the largest nature reserve in 

the Cotswolds and is protected as a European Special Area of Conservation due to 

its rare Beechwood, limestone grasslands and wildlife (Figure 3).  

 

 

 

Last 

Figure 3.  Overview map of the Gloucestershireôs Cotswold Commons and Beechwoods National Nature 

Reserves (NNR) (Map from: NE335: Buckholt Wood: Cotswold Commons and Beechwoods National 

Nature Reserve., PDF: No scale) (Last accessed: 24/03/2019). 

NNR extends across 7.5 km of the 

Gloucestershire Cotswolds. Situated 

between Gloucester, Cheltenham and 

Stroud, there is ready access from the M5 

motorway and the A417. 

NNR extends across 7.5 km of the 

Upton St Leonards 

Painswick 

 

 

 

 

Painswick 

Cranham 

Upton St Leonards 

Sheepscombe 
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 Figure 4. Digitised map of Buckholt Wood and the surrounding area including residential dwellings that make up Cranham Village. Maps created using QGIS 2.16.1 NØdebo. 

Map created from Edina Digimap, OS Historical Maps (Last accessed: 24/03/2019). 
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2.2 Bluebell Taxa and Identification 

 

All variants of bluebell in the United Kingdom flower in spring. They are a bulbous 

perennial which prefer slightly acidic soil, primarily in deciduous woodland. During 

spring, the bluebells are seen in high densities occupying areas without competition 

from foliage such as Holly (Ilex aquifolium), Ivy (Hedra helix) and Wild Blackberry 

(Rubus ulmifolius), however, they will share areas that are occupied by plants such as 

Ransom also known as wild Garlic (Allium ursinum), Sweet Woodruff (Galium 

ordoratum) and Wood Anemone (Anemone nemerosa).  

Pollination is known to be mediated by both the Bombus and Syriphidae species with 

the bulb being renewed annually. Positioning with the woodland is important as all 

variants of bluebells are prone to draught with the H. non-scripta being more sensitive 

than the invasive hyacinthoides (Blackman and Rutter, 1954; Littlemore and Barker, 

2001). Seeds are not adapted to dispersal (Knight, 1964) and have no known 

dormancy apart from surviving the first winter (Thompson and Cox, 1978; Thompson 

and Grime, 1979). Germination is in late autumn due to seed conditioning induced by 

high temperatures followed by a drop in temperature to 11 ºC or less (Thompson and 

Cox, 1978). Seed survivability in the earth and their establishment is facilitated by 

mycorrhizal association (Merryweather and Fitter, 1995). 

Invasive bluebells within the United Kingdom are often regarded as H. hispanica but 

no definitive confirmation exists genetically, to actually clarify that all invasive and or 

hybridised bluebells are from this phenotype; this also relates to the plants ecological 

requirements based on phenotype (Turrill, 1952). It is however, considered that 

commercial cultivators may represent the greatest source of hybridisation across an 

unknown number of hyacinthoide variants which in turn leads to high density of H. 

hispanica and H. óxô massartiana in the wild. Recent surveys generally classify the 

bluebell variants as either native or invasive/alien without actual genotypic or 

phenotypic certainty. 

 

2.2(a) Hyacinthoide non-scripta 
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H. non-scripta is a vigorous perennial with linear leaves (3 to 6) growing from the 

base of the plant, each 7 to 16 mm wide. The stem is erect bearing arching racemes 

(inflorescence of 5 to 12 flowers) of fragrant (Sweet pea / honey fragrance), narrowly 

tubular, violet-blue, or occasionally white, that are arranged in a drooped nodding 

pedicle construct. 

 

 

    
 
 

 

 

 

 

Each flower is 14-20mm with two bracts at the base. Tepals are strongly recurved at 

the tips and of a dark violet-blue colour. The stamens in the outer whorl are light in 

colour and are fused up to 75% of the perianth. Anthers are 2 to 3 mm and are 

covered in light cream / light golden coloured pollen. 

Bulbs produce contractile roots that draw the bulb deeper into the soil horizons, 

seeking greater moisture. Bulbs can reach depths of 10 to 12cm but struggle with 

substrates that are difficult to penetrate ï such as chalk. Enjoys inclement climates 

and reproduces well in wet and / or warm weather, although frost and colder weather 

can have a negative impact on dormant bulbs (Rose, 1981; Stace, 2010). 

 

2.2(b) Hyacinthoide hispanica 

 
A perennial adapted to warmer climates with linear leaves (5 to 20) growing from the 

base of the plant, each 10 to 35 mm wide. The stem is erect bearing arching to rigid 

racemes (inflorescence of 10 to 35 flowers joining in a spiral construct) with little to 

no fragrance supporting widely shaped perianth of a violet to light blue colour. Also, 

commonly occurring are plants with white and pink tepals. 

    

 

Figure 5. Images of H. non-scripta (sourced from Google Images; Marquardt, 2016; Wetheral, 2017). Petal 

samples show pale cream anthers and pollen (Wetheral, 27 April 2017). 
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Each flower is 14-18mm with one to three bracts at the base. Tepals are slightly 

curled back at the tips and of a light violet, with a darker violet stripe along the 

outside of the petal, mirroring the line of the internal stamen. 

The stamens in the outer whorl are light in colour and are fused up to 25% of the 

perianth. Anthers are 2 to 3mm and are covered in dark violet / blue pollen. 

Bulbs also produce contractile roots that draw the bulb deeper into the soil horizons, 

seeking greater moisture to depths of 10 to 12cm. Enjoys higher temperatures but is 

not so well suited to wetter climates. During periods of excessive rain, can impede 

reproduction (Rose. 1981). 

 

2.2(c) Hyacinthoide óxô massartiana 

 

H. óxô massartiana (also known as H. óxô variabillis (Sell and Murrell, 1996).  Now 

native to the United Kingdom, however has in the last twenty years been noted in all 

countries with primary source of H. non-scripta and a human introduced source of H. 

hispanica. H. hispanica first established in Great Britain cca 1683 with hydride 

variations first recorded cca 1963 and recognised in 1987 (Preston et al., 2002). 

 

A perennial with linear leaves (5 to 20) growing from the base of the plant, each 7 to 

35 mm wide. The stem is erect bearing arching to rigid racemes (inflorescence of 10 

to 35 flowers joining in a spiral construct) with little to no fragrance supporting widely 

shaped perianth of a darker violet colour than H. Hispanica. Some plants do support 

a lighter blue colour. Also, commonly occurring are plants with white tepals. 

Figure 6. Images of H. hispanica (sourced from Google Images; Marquardt, 2016; Wetheral, 2017). Petal 

samples showing dull blue anthers and pollen (Wetheral, 27 April 2017). 
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Each flower is 14-18mm with one to three bracts at the base. Tepals are slightly 

recurved at the tips and of a darker violet-blue colour than the H. Hispanica - but lighter 

than the H. non scripta. The stamens in the outer whorl are light in colour and are 

fused up to 50% of the perianth. Anthers are 2 to 3mm and are covered in light yellow 

coloured pollen. Bulbs produce contractile roots to same and the conditions as H. 

hispanica (Rose. 1981). 

 
2.3  Sampling Strategy and Independent variables 
 

2.3(a) Overview of Site and Geography  

 

It was planned that over a three year period (2017- 2019) the whole selected 

woodland area would be counted within the bluebellôs flowering time frame. To 

ensure accuracy of counts and that all areas were visited, 1:1000 Master Maps were 

created using the most recent available data (2016) from Digimap 

(https://digimap.edina.ac.uk/) (Example ï Figure 31) supported by a Garmin 

GPSMAP 62 hand held device. 

The terrain undulated considerably which made count areas difficult to access from 

an incline perspective. Based on this factor and the size of the areas, it was decided 

to use the main cycle and horse paths (Rides) to differentiate between count areas. 

The areas ran horizontally from left to right, with paths dividing the count locations 

into blocks (north to south).  Further detail about count locations explained at 2.3(b). 

 

Figure 7. Images of H. óxô massartiana (sourced from Google Images; Marquardt, 2016; Wetheral, 2017). 

Petal samples show a variety of dull greyish undehisced anthers, but pale brown pollen (Wetheral, 27 April 

2017). 

     

https://digimap.edina.ac.uk/
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Scout Campsite 

Car Park 

Meadow Field 

 Cranham Village 

2018 Count Area 2017 and 2019 Count Area 

Figure 8.  Overview of count area (red dots indicate circumference). (1:1,000 ï Master Map: each Square =100m). Maps created using QGIS 2.16.1 NØdebo. Map 

Ordnance Survey from https://osmaps.ordnancesurvey.co.uk/51.81960,-2.15116,16 (Last accessed: 24/03/2019) 

 

 

Position and length of valleys 

  

 


