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Chapter Nine - Closing remarks.

The broad underlying objective of this thesis was to attempt to integrate knowledge gained

from surveys of selectively-neutral variation at the national, regional, population and stand

scale in the Scottish aspen resource; ecological knowledge gleaned from the literature and,

more importantly, from field observation; and the perspectives provided by palynological

work and conservation genetics theory to provide a body of information on which to found

the future conservation management of this undervalued but important species in Scotland.

In the course of this thesis many more questions were thrown up than answered and the

need for further work, particularly in the distribution of adaptive variation and flowering

biology, became obviously apparent. Nevertheless, a coherent, though necessarily

preliminary, picture of the Scottish native aspen resource has been produced and a strategy

for the general conservation and prudent management of the genetic resources within

Scottish native aspen has also been produced. The main objective has, therefore, been

achieved. The guidelines presented in Chapter Eight should be considered a good starting

point for the management of aspen and should be quickly implemented. However, they

should be also be considered provisional and must be up-dated as further insights are

gained and new data produced.

At the outset of this thesis a number of key questions were set out (see Chapter One ). The

thesis has managed to provide satisfactory answers to all of these questions:

1. Is the Scottish native aspen resource genetically depauperate compared to larger healthier

populations and so potentially at risk in the medium-to-long term?

No evidence was found which would suggest that the SNAR is genetically-depauperate

for selectively-neutral genetic variation, Comparison of the estimates of neutral

variation within and among Scottish aspen populations with mean estimates obtained

from species sharing similar biological characteristics and with estimates from studies

on populations of P. tremuloides and P. grandidentata indicate that no loss of neutral

variation has occurred. This would suggest that genetic drift, bottlenecks and

inbreeding have had little effect on the genetic variation within Scottish aspen.

However, as recruitment is restricted in Scottish aspen and clones constantly being lost

due to natural and human disturbance the SNAR is at medium-to-long term risk unless

the guidelines for the management of genetic resources and conservation of Scottish

aspen -set out in Chapter Eight -are implemented.
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2. Is there any population genetic evidence to support the hypothesis that the Wester Ross

aspen population (or any other Scottish aspen population) has an origin independent of

the other Scottish aspen populations?

No evidence was collected which would support the hypothesis that the Wester  Ross

population or indeed any other population had an origin independent of the other

Scottish populations.

3. Is their any genetic differentiation amongst the Scottish aspen populations which may be

indicative ofgeogmphical variation in the ecological, genetical or historical factors bearing

on them?

The value of among-population genetic variation 6 (roughly equivalent to F&G& was

estimated at 0.014 indicating little structuring within the SNAR.. It can be concluded,

therefore, that there was little geographical variation in the ecological, historical and

genetic factors which can act to structure neutral variation such as inbreeding, origin

and gene flow. The small amount of structuring evident is almost certainly due to

small amounts of genetic drifi.

4. Am lurgesemi-natural aspen-dominated stands dominated by relatively few clones or are

they genotypically diverse?

The survey of genotypic variation in the large aspen-dominated woodland at

Tomnagowhan identified no fewer than 21 clones in an area of 4.6 ha. This would

suggest that large long-established stands of aspen can contain a diversity of genotypes

and are not dominated by a few widespread clones. Moreover, it demonstrates that the

suite of markers developed for the survey of genetic variation at the national and

regional scales are also suitable for surveying genotypic variation at the stand scale.

5. What clonul  strategies are adopted by aspen in Scotland?

In Tomnagowhan a wide range of clonal strategies were uncovered from single ramet

clones, to groups of only a few ramets,  through to medium to large ‘guerrilla’ clones and

medium to large ‘phalanx’ clones. No typical clone was uncovered in Tomnagowhan.

Moreover, natural regeneration of ramets was found to follow the ‘window of

opportunity’ model described in North American populations of P. tremuloides.
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6. Are there any phenotypic characteristics that could be used as accurate phenotypic clonal

markers?

Leaf flushing date was shown to be both an accurate and useful clonal marker in

Tomnagowhan Wood.

7. Does the small native aspen population of Orkney maintain within it sufficient genetic

and genotypic variation on which to base an expansion of aspen woodland area (and,

therefore, an increase in population density) throughout the Orkney Islands without a

significant increase in risk of disease over the medium-to-long term from pest and pathogen

attack?

Whilst estimates of genetic variation in the Orkney aspen population were found to be

commensurate with estimates from Scottish mainland populations only twelve

genotypes were identified. It was, however, concluded, that these twelve genotypes

could be used for expansion of the Orkney aspen resource without compromising the

medium-to-long term health of the population provided they are carefully used in mixed

native woodlands of restricted size.
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Appendix One. Isozyme analysis methods, protocols and recipes.

Al.1 Isozyme analysis  method.

The isoxyme  analysis methods used in this study follow those of Cheliak and Pitel(1984)

with minor modifications. Full details are given in their manual, however, a brief outline of

their system is presented here.

Their system is set up to deal with large numbers of samples in a quick and efficient

manner. Only two gel buffer systems are used; each isozyme system being run on either of

the systems. The staining system is also standardised; all the main reagents, except the

enzyme substrate, are made up into stock solutions and added by micropipette. This

minimises the weighing out of chemicals and speeds up the process whilst rendering it

safer as all dangerous chemicals are used in solution rather than in powder form.

Preparation ofgeh; two gel/buffer systems were used. Recipes for these two systems are

presented in Table A.l. The B system of Cheliak and Pitel(1984)  did not give satisfactory

results, the bands being smeared and the migration time very long. An alternative recipe

developed by Mr John Morman was used and is presented. This system has a much higher

salt concentration than the Cheliak and Pitel B gel, consequently migration times were

much faster.

Home-made gel moulds and plates were used measuring 185mm by 150mm by 5mm

allowing up to 28 samples to be run on a single gel. 11% gels were recommended and

used. 27.5g  of high grade Sigma hydrolysed starch was mixed with 25Oml of gel buffer.

Starch and gel buffer were heated up slowly in an lOOOm1  Erlenmeyer flask over a Bunsen

burner until boiling and translucent. The gel was then degassed using a vacuum pump to

remove all air bubbles before being poured into the gel mould, left to cool for five minutes

and covered with a clean Perspex plate. The gel was then wrapped in Saran wrap and left

overnight. Cheaper starch was used to little success.

Prepw-cztion  of samples; all bud samples were ground over ice in watchglasses using a

pestle made from a glass rod. Two buds were taken straight from the freezer and placed

into each watchglass with 3-4 drops of vegetative extraction buffer (recipe below). The buds
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were ground to produce a bright green, smooth paste. The minimum buffer required to

dissolve the homogenate was used. Wicks were cut from Whatman  No 3 filter paper

measuring 1Omm by 2mm and were inserted into each watch glass to fully absorb all

homogenate.

Loading thegels; gels were cut approximately 30mm from the origin and wicks were loaded

along the cut surface. Each gel could safely hold 25 sample wicks and also three wicks

loaded with marker solution. The marker solution was a crude mixture of distilled water

and bromocresol blue - a pH indicator dye. This migrates with the front and is visible as a

blue band. Marker wicks were loaded at each edge of the gel and also in the middle to

allow the progress and shape of the front to monitored throughout the run.

Fig Al The gel electrophoresis uppamtus  as used.

Bridge buffer  wick

\ Sample wit ks

t

Bridge buffer  resevoir

Loading the tanks; home made gel tanks were used. The gel electrophoresis apparatus is

shown in Figs. Al & A2. Bridge buffer  was placed into the holding tanks at each end and

the plate holding the gel was placed between them. Wicks made from cleaning cloths were

moistened with bridge buffer before being applied to either end of the gel. Great care was

taken to ensure that the bridge wick fitted the gels exactly and that good contact was

maintained throughout the run. After applying the bridge wicks a layer of Saran wrap was

placed over the gel and wicks and an ice pack was over this.

Running thegels; the gel tanks were placed in the fridge and connected to the power pack.

The isozymes investigated in this study are negatively charged and so migrate to the
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anode. The cathodal end of the gel is the end at which the wicks are loaded. Gels were

run in the fridge to prevent the gel from heating up (due to its high resistance) and

denaturing the enzymes. In the course of the run-time ice packs were constantly changed

for the same reason. Gels were run at 30mA for the first 30mins to transfer the

homogenate from the wicks to the gel. After  this first period the wicks were removed and

the current increased to 50-6OmA. Gels were run for approximately 4 hours or until the

front had migrated fully across the gel.

Fig A2 Plan view of the electrophoresis apparatus

Bridge
buffer  wit k bridge

wicks  gel front

Staining thegels; the gels were sliced in two and transferred to staining trays with the cut-

side uppermost. The chemicals required for each stain were pre-weighed allowing quick

preparation and mixing of each stain just prior to adding to the staining trays. The trays

were then transferred to a dark incubator at 37OC.  The gels were then scored according to

the scoring chart Fig. 3.
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Table Al The gel buffer recipes as used.

System Gel Buffer Bridge Buffer Current pH Authority

(electrode)

H 0.05M  Histidine - HCl 0.125M  Tris adjusted 50-60mA 7.0 Cheliak

1.4OmM  EDTA to and Pitel

(pH 7.0 with l.Om  Tris) pH 7.0 with 1M citric (1984)

Dilute stock 4: 1 acid

B O.lM Tris adjusted to 0.3M  Boric acid 50-6OmA 8.5 John

pH 8.5 with 0.2M  Citric 0.03M  Sodium chloride Morman

acid. adjusted to pH 8.0 (1993 pers,

with 4N NaOH comm.).

AA.2 Isozyme System Stain Recipes-  taken from CheIiak and
Pitel(1984).

Glucose dehydrogenase GLUDH; E.C.1.1.1.47
25ml 0.2M Tris-HCl,  pH 8.0

250 mg glUCOSe

1.5ml NAD

0.5ml

0.5ml PMS

Incubate in the dark at 370C until bands appear.

Electrophoresis Buffer:  H

Glutamate dehydrogenase GDH; E.C.1.4.1.3

25ml 0.2M Tris-HCl,  pH 8.0

200mg Gglutamic acid

0.5ml NAD

0.5ml

0.5ml PMS

Incubate the gels in the dark until dark blue bands appear - 2 hours

Electrophoresis Buffer:  B
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Malate dehydrogenase MDH: E.C.1.1.1.37

12.5ml 0.2M Tris-HCl,  pH 8.0

12.5ml 0.5M DLmalic  acid, pH 7.0

0.5ml NAD

0.5ml NBT

0.5ml PM.8

Incubate in the dark at 370C until blue bands appear - 2 hours

Electrophoresis BuRer: H

Glutamic oxaloacetic transaminase GOT: E.C.2.6.1.1.

(also known Aspartase aminotransferase AAT)

7.5ml 1M Tris-HCl,  pH 8.0

lOOmI dH2C

300mg Aspartic acid

Make up and protect from light 150mg a-ketoglutaric acid

7.5ml Pyridoxal-5-phosphate

Add 225mg Fast Blue BB salt just before pouring

Incubate in the dark for 30-4Omins

Electrophoresis Buffer:  B

&phosphogluconate  dehydrogenase SPGD; E.C.1.1.1.44

5ml 0.2M Tris-HCl,  pH 8.0

1Omg 6-phosphogluconic  acid, trisodium salt

lml 1% MgC12 (w/v)

lml NADP

lml MIT

lml PMS

Added dropwise  to the gel and incubated in the dark at 37OC until dark

bands appear (45mins).

Electrophoresis Buffer: H

blue

Phosphoglucomutase PGM; E.C.2.7.5.1.

25ml 0.2M Tris-HCl, pH 8.0

150mg glucose-l-phosphate, disodium salt
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25 units glucose-bphosphate  dehydrogenase
0.5ml 1% MgC12 (w/v)

0.5ml NADP

0.5ml MIT

0.5ml PMS

Incubate in the dark until dark blue bands appear (60mins)

Electrophoresis Buffer: H

Phosphoglucose isomerase PGI; E.C.6.3.1.9.

26ml 0.2M Tris-HCl,  pH 8.0

125mg fructose-6-phosphate, disodium salt

5units glucose&phosphate dehydrogenase

0.5ml 1% MgC12 g (w/v)

0.5ml NADP

0.5ml MIT

0.5ml PMS

Incubate in the dark until dark blue bands appear (60mins)

Electiophoresis  Buffer: B

Shikimic acid dehydrogenase SDH;  E.C.1.1.1.26

50ml 0.2M Tris-HCl,  pH 8.0

25mg (-) shikimic acid

l.Oml 1% MgC12 (whr)

0.5ml NADP

l.Oml NBT

0.5ml PMS

Incubate in the dark at 37oC.

Electrophoresis Buffer:  H
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Recipes  for solutions and buffers.

Vegetative Extraction Buffer

8% Polyvinyl-polypyrroIidone  (PVP)

0.3M SUcrOSe

0.5mM EDTA

1mM Dithiothreitol

1mM Ascorbic acid

0.1% Bovine serum albumin

0.4mM NAD

0.3mM NADP

0.2mM Pyridoxal-5-phosphate

Adjusted to pH 6.7 with 1M Tris and 0.66ml  of &mercaptoethanol  per lOOm1  of

buffer.

Staining chemicals kept as solutions

Reagent Concentration

NAD lOmg/ml

NADP lOmg/ml

lOmg/ml

lOmg/ml

PMS 5mg/ml

1.3 Abbreviations, IUB codes and full names of all isozymes
mentioned in this work after Cheliak and Pitel(1984).

AC0 E.C.4.2.1.3.

ADH E.C.l.l.l.l.

EST E.C.3.1.1.1

GLUDH E.C.1.1.1.47.

GDH E.C.1.4.1.3.

GOT E.C.2.6.1.1.

G-6-PD E.C.1.1.1.49.

Aconitase

Alcohol dehydrogenase

E&erase

Glucose dehydrogenase

Glutamate dehydrogenase

Glutamic oxaloacetic  transaminase

Glucose - 6- phosphate dehydrogenase
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ICD

LAP

MDH

NADHDH

NADPHDH

PGM

PGI

6-PGD

SDH

SOD
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E.C.1.1.1.42.

E.C.3.4.11.1.

E.C.1.1.1.37.

E.C.1.1.1.40

E.C.1.6.99.3

E.C.1.6.99.1

E.C.2.7.5.1

E.C.5.3.1.9

E.C.1.1.1.44

E.C.1.1.1.25

E.C.1.15.1.1.

Isocitrate dehydrogenase

Leucine - amino peptidase

Malate dehydrogenase

Malic  enzyme

Nicotinamide adenine dinucleotide

dehydrogenase

Nicotinamide adenine dinucleotide

phosphate dehydrogenase

Phosphoglucomutase

Phosphoglucose isomerase

6 - phosphogluconate dehydrogenase

Shikimic acid dehydrogenase

Superoxide dismutase

AA.4 Interpretation  and Confirmation  of Inheritance of banding
patterns.

The genetic interpretation of isozyme banding patterns can be approached in three ways

(Avise 1993):

l 1) Experimental crosses may be conducted. Normally f&sib families are investigated

using classical genetic analysis although open-pollinated family analysis is possible

(Gallo and Geburek, 1993). In the early years of isozyme analysis such confirmation of

inheritance was commonplace however such a voluminous literature confirming again

and again the Mendelian inheritance of known isozymes has made such an approach

largely redundant.

l 2) Population genetic theory can be used. The putative genetic control of a locus can be

used to generate hypothetical allele frequencies. These can then be compared with

those expected under Hardy-Weinberg equilibrium. Concordance of these two estimates

provides strong support for the putative interpretation of the banding patterns as

Hardy-Weinberg equilibrium is based on simple Mendelian inheritance of alleles. Of

course in nature many populations are not in Hardy-Weinberg equilibrium so the scope

of this method is limited.

l 3) The molecular structure has now been elucidated for most of the enzymes involved in

isozyme studies. Inheritance can be inferred from the banding patterns on the gels
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with due reference to the literature. A single zone of activity with either one or three

bands can be safely interpreted as a zone under control of one gene with two alleles

coding for an enzyme of dimeric  structure.

Fig 3. Isozyme scoring chart.

6-PGD-A - GOT-A - PGI-A SDH-A
--
- ---- l- l-- -

11 22 12 33 11 221213

6-PGD-B GOT-B PGCB SHD-B---- --
-- -

-

22 12 11 2212
- - l-

T 11 22 33 23

PGM MDH GDH GLuDH
B--B-
-----

,--m--m--
- --- --- l- l-- --

11 22 33 44 34 -
-

B---B
1 2 5 6 7

As the flowering of aspen in Scotland is extremely rare the first method is clearly

impractical although some crossing experiments have been carried out in P. tremuloides

(Hyun,  Rajora and Zsuffa 1987, Liu and Fumier  1987) and P. tremuloides and P. tremukz

(Gallo  and Geburek 1992). F@jora  (1986, 1996) has also investigated the inheritance of

isozymes across a number of poplar species. The second method, whilst suitable to confirm

putative interpretations in retrospect, is not of practical use until large numbers of

individuals have been screened. The third method is mostly widely used in modern

isozyme studies where the isozyme systems used are well known. This is the main method

used in this study although substantial reference has been be made to the crossing trials

mentioned above although they are, for the most part, relevant to P. tremuloida.

GOT: Liu and Fumier  (1993) found three zones of activity in GOT in P. tremuloides. Of

these the two more anodal  zones were fixed as single banded homozygotes in their sample.

The third zone was found to be controlled by one gene and to be functionally dimeric. Gal10

and Geburek (1992) only examined the cathodal zone of activity in both P. tremuloides and
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P. tremuZa  and their findings were in agreement with Liu and Fumier and also with Hyun

et al (198713).  Rajora (1990) has shown that GOT is functionally dimeric in P. deltoides

Marsh., P. nigra,  and P. muximowiczii  Henry.

PGM: Roth Hyun et al (1987b)  and Liu and Fumier  (1993) found two zones of activity in

PGM. They concluded that each zone was under the control of one gene, both genes coding

for a monomeric protein. However Cheliak and Pitel (1984) and Jelinski and Cheliak

(1992) found only one zone of activity in buds of P. tremuloides  controlled by one gene and

functionally monomeric. In P. deltoides  , P. nigra and P. mbmowiczii  PGM was found to

be controlled by three functionally monomeric genes (Rajora 1990),  however, in P.

trichocarpa  Torr  et Gray two zones each controlled by a single monomeric gene were found

{981.

PGI: Two strongly staining zones have been detected by Liu and Fumier  (1993),  Hyun et

al (1987b)  and Cheliak and Pitel(1984b).  In all three studies the more anodal  zone was

found to be monomorphic whilst the cathodal zone was found to be controlled by one gene

coding for 8 functionally dimeric  enzyme.

SDH: Only one zone of activity was found by Liu and Fumier  (1987) agreeing with Lund et

a.Z . (1992),  Cheliak and Pitel(1984)  and Jelinski and Cheliak (1992). This was found to

be functionally monomeric which agrees with Gallo  and Geburek (1991)  but disagrees with

the observation of Cheliak and P&1(1984)  who described it as dimeric.

6-PGD: Two zones of activity were found by Liu and Fumier  (1987) and Hyun et al

(1987b).  The anodal zone was found to be faint and did not resolve consistently. The

cathodal zone was shown to be under single gene control and to be functionally dimeric.

Gal10 and Geburek (1992) confirmed that the upper zone was also functionally dimeric  in

accordance with other poplar species (Rqjora  1990). Cheliak and Pitel (196413)  and

Jelinski and Cheliak (1992) observed two zones of activity. In the study of Cheliak and

Pitd only the cathodal zone was found to be polymorphic and functionally dimeric.  In a

later study Jelinski and Cheliak (1992) found both zones to be polymorphic.

GLUDH: The isozyme system has been little used in studies of poplar. In this study it was

found to be fixed homozygous.

X



Appendix One - Isozyme  analysis protocols, recipes and scoring charts.
.--- ____ _-----___---------  -----

GDH: This has been found to be invariant in P. tremuloides (64, 19) It is similarly

invariant in this study. Again a single monomorphic band.

MDH: This problematic isozyme system has been used wildly in studies of isozyme

variation in P. tremuh  and P. tremuloides  but has never been satisfactorily interpreted

overtly. Four zones of activity were observed by Liu and Furnier (1987)  though two anodal

zones were found to be monomorphic across all screened individuals whilst the other two

zones were resolved inconsistently and could not be scored. Cheliak and Pitel(1984)  have

used MDH in clonal identification studies as has Bergmann  (1981; 1987) but no genetic

interpretation was placed on their zymograms and gel phenotype was scored. Only Jelinski

and Cheliak (1992)  have scored MDH and used it in population structure surveys. These

authors score MDH as a single locus with three alleles although no indication is given of

their interpretation of the banding patterns. In this study gel phenotype was scored. Five

consistent patterns were obtained being similar though not identical to those of Cheliak

and Pit4 (1984)  and Bergmann (1981, 1987).
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Appendix Two - All agpen locations as stibled in this study.
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Appendix Three - Pilot study for genotypic diversity survey,
Tomnagowhan Wood.

The pilot study was set up to gauge the scale of genotypic diversity and clonal spread

within Tomnagowhan Wood. Very little is known about the scale of genotypic diversity in

Scottish aspen woodlands and without a rough idea of the number and size of clones within

the wood an efficient sampling scheme cannot be set up which produces a representative

picture of clonal structure and diversity but which is also efficient of resources. Intensive

sampling of every clone is unsuitable and inefficient if only one clone is found along the

length of the transect, similarly if many clones are found along the length of the transect

then large scale but low density sampling would miss patterns of clonal spread at the fine

scale.

Table 2 Multilocus  genotypes for the trees sampled in the plot study, Tomnagowhan,
Strathspey.

Sample Distance along

Number transect (m)

1 17.5

2 25

3 80

4 90

6 105

6 130

7 175

8 185

9 210

10 220

11 230

12 240

13 260

14 270

Mdh Pgi-B

22

22

22

22

22

22

22

22

22

22

22

22

22

22

Got-A

22

22

12

12

12

12

22

22

33

12

12

12

12

12

Pgm

33

33

34

34

34

34

44

44

44

44

44

44

44

44

6-Pgd-A 6-Pgd-B

11

11

11

11

11

11

12

12

12

12

12

12

12

12

11

11

11

11

11

11

12

12

12

12

12

12

12

12

Five genotypes were identified along the length the transect and these are presented in

Table 2. The position of the transect relative to the mapped clones is presented in Map 1..
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The transect indicates that the scale of clone size and clonal spread is roughly

commensurate with the scale of the transect and is therefore the appropriate scale for the

more intensive investigation of clonal diversity and spread.

Fig 4 The position of the transect through Tomnagowhan Wood showing the trees sampled
for the pilot study.
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Appendix  Four - Induction of flowering  through girdling in aspen in
Strathspey.

A.4 1 Preamble.

Presented below are details of a flowering induction experiment which was established in

the late-summer of 1994, planned to end in the early-spring of 1996 but was abandoned in

early-April 1996. A necessary assumption underlying this experiment was that aspen

rarely flowers and almost never flowers en musse. This was found not to be the case. An

unusually hot dry summer in 1995 provoked a major flowering event in the spring of 1996 -

almost 75% of aspen surveyed in Strathspey were flowering (see Chapter Two and

Appendix Five). Indeed, the exceptional nature of this mass flowering was such that it was

covered by The Scotsman newspaper (May 19961. On weighing-up the mass flowering of

most aspen clones in Strathspey, including those at the four experimental sites, and the

extreme improbability of detecting a significant flowering response due solely to the

experimental treatments against such background flowering it was decided to abandon the

experiment. Moreover, in the period between applying the treatments and scoring the

results one complete experimental site was felled without warning to make way for the

Grantown-on-Spey bypass. The decision to abandon the trial was reluctantly taken to

conserve time, effort and the considerable financial resources required for approximately

seven days residential fieldwork.

Details of the experiment are presented below. After a short introduction detailing the

main objectives of the work, there is a section describing the experiment design and the

treatments actually applied. Following this is another sectinn  explaining the

measurements planned to be taken in the spring 1996 and the approaches that were

planned for analysis of the data.

k4.2 Introduction.

Aspen is reputed to flower fairly infrequently (see Chapter Two) and viable seed is seldom

collected from native populations throughout Scotland. Consequently, there is very little

seed-derived planting stock of local origin presently available. Any efforts to maintain and

extend the native aspen resource, especially the genetic and genotypic variation within
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Scottish aspen, are thus stymied by a shortage of suitable planting stock. There is a clear

requirement for native Scottish seed. An efficient flowering induction technique would

therefore be of great benefit to ongoing efforts to conserve the Scottish native aspen

resource.

Even in good flowering years aspen seed production can often be disappointing. This may

be due to the fragmented nature of the present resource with great distances between

pollen producing males and receptive females. Reliable flowering induction would allow the

collection, storage and transportation of pollen to receptive females thus increasing the

likelihood of seed production and also the genetic variation within the aspen resource.

Moreover, successful flowering induction could form a basis for a tree breeding programme -

either breeding improved native aspen or crossing with other poplar species with the

potential to produce fast growing but hardy commercial poplar clones.

When surveying for flowering aspen in Strathspey during the spring of 1994, 1995 and

1996 it was often noted that recently broken or damaged branches bore flowering buds

even though the rest of the tree produced no other flowering bud&. In some cases whole

trees, which had experienced incomplete stem snap, produced large numbers of flowering

buds on all branches. This so-called ‘agony flowering’ has previously been exploited by seed

collectors, indeed, Alba Trees collected a great deal of seed from a single clone in Strathspey

comprised of a few ramets which had been damaged by nearby roadworks (R. Shearer pcrs.

comm.).

The phenomenon of agony flowering is well known and has been exploited for centuries in

the form of girdling in fruit orchard management. Girdling involves the complete or partial

removal of the phloem and cambium layers from around the trunk preventing downwards

transport of photosynthate to the root system without limiting upwards transport of water

and minerals through the xylem. The resultant increase in carbohydrate concentration in

the canopy is thought to stimulate flowering bud initiation (J. Dick; A. Longman  pers.

comm.).

4Examples  found at Inverallen, Speybridge, Mains of Breakachy, Insh Lodge and also
reported by J. Boluski in Sutherland, Wester Ross and Inverness-shire.
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Although it is almost certainly the case that girdling causes some short-to-medium term

damage to individual trees, the cuts do eventually close. Provided the cuts applied are

small enough to heal over in two to three years and sufficient foliage is available below the

cut to feed the root system there should be no long term damage to the tree (J. Dick pers.

comm.). The effectiveness of controlling flowering in poplar species with gibberellins or

other plant growth regulators is very low (J. Philipson pers. comm.).  Moreover, such

technology is not easily transferable to natural stands and is inaccessible to all but the

well resourced.  Girdling, on the other hand, is a straightforward and easily transferable

skill which can be easily used by nursery managers and foresters with a minimum of cost.

The main aim of this experiment is to evaluate the effectiveness of two girdling treatments

in stimulating flowering bud and catkin production in aspen. Both treatments attempt to

replicate examples of agony flowering observed in aspen in “trathspey. Treatment One

involves girdling the entire trunk whilst Treatment Two involves girdling a single branch

within the canopy.

k4.3 ExperimentalDesignandtxeatmentsapplied.

A.4.3.1 Sites.

Four aspen stands were selected from throughout Strathspey which satisfied the following

criteria:

l each stand is putatively monoclonal  exhibiting uniform flushing in Spring 1994 and

1995. Usozyme  analysis was planned to confirm single genotype);
. each stand of aspen are of similar size and age - greater than 20 cm. dbh and is less

than 30 cm dbh (between approximately 45 and 70 years old according to Worrell

1995,a);
. each stand is compact and subject to superficially similar micro climate and soil

conditions;

. there is no indication of disease or damage to any of the ramets within the stand.

. the stand contains greater than 45 ramets.
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The locations of the four experimental stands are presented below:

Site O.S. Map Reference

Laaw NH 630 932

Kinveachy Junction NH 914 189

Loch Insh NH 780 001

Inverallen NJ 025 265

A.4.3.2 Experimental Design.

The study essentially comprises two distinct experiments each replicated over four

monoclonal  stands:

Experiment One: investigates the effect on flowering bud production of girdling the entire

tree trunk - Treatment One;

Experiment Two: investigates the effect on flowering bud production of girdling a single

branch within the canopy of a single tree - Treatment Two.

A.4.3.3 Timing of Treatments.

The treatments were applied in late August of 1994. As bud initiation, differentiation and

development occurs in early Summer application of the treatments was too late to affect

flowering bud production in 1995 (A. Longman  pers. comm.). Evaluation of the

experiments was therefore planned for spring 1996 although the trees were visited in

spring 1995 to evaluate vigour and any possible damage from girdling- no signs of damage

were observed.

A.4.3.4 Experiment One.

At each of the four locations random number tables were used to select 15 treatment trees

and 15 control trees which were marked with biodegradable tape of contrasting colours.

Treatment One consisted of making a single cut around the entire trunk of the tree just

below the beginning of the canopy but immediately above the first major branch. The band

of tissue removed was 20 mm wide and approx. 10 mm deep. Only the outer bark, phloem

and cambium layers were removed. The harder, denser xylem layer presents a palpably
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greater resistance to the blades and the depth of the cut can thus be controlled. The cuts

were standardized using a pair of Stanley knives taped together with the blades 20 mm

apart. The cut was made above a single large branch to allow the transport of an, albeit

limited, flow of photesynthates  to the root system.

After making the cut the wound was covered with Arbrex arboricultural protective paint to

prevent infection. Between cuts the blades were dipped in ethanol to prevent any infection.

Wax crayon was used to mark the cut and the trunk girth above and below the cut was

measured using a girth tape. A similar crayon mark was drawn on the control trees at the

point at which the cut would have been made. The dbh of both Treatment and Control

trees were also measured.

A.4.3.5 Experiment Two.

In each of the four locations an additional fifteen trees were selected and marked - again

using random number tables. Counting from the bottom of the canopy upwards, random

number tables were used to select two large main branches of similar dimensions. These

branches were never less than 8 cm diameter at the point where they joined the main

stem. Random number tables were again used to select the treatment and the control.

The treatment branch was girdled using the same double Stanley knife combination with

blades 20 mm apart though only to an average depth of 5 mm - again the division between

cambium and xylem was easily detected through a change in resistance to the blades. The

girth above and below the cut was measured using tape. Marking crayon was used to

mark the control branches at the point where the cut would have been made allowing

accurate and repeatable measurements of girth to be made.

A.4.4 Planned measurements to be taken in spring 1996

A.4.4.1 Experiment One - planned measurements to be made ptior  to flowering.

From each tree, both treatments and controls, fifteen large branches to be selected using

random number tables and marked. On each of these fifteen branches the number of

flowering and vegetative buds on each of thirty randomly selected spurs to be counted. All
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trees included in experiment to be photographed. Girth above and below the cut to be re-

measured, dbh to be re-measured.

A.4.4.2 Experiment One - planned measure~ti  to be made post-flowering.

On each of the fifteen marked branches the number of catkins and vegetative buds on each

of thirty spurs to be counted. Sex to be determined. Girth above and below the cut to be

re-measured, dbh to be re-measured.

A.4.4.3 Experiment One. - planned analysis.

Experiment One can be broken down into a number of null hypotheses which can all be

analysed using essentially the same two-way ANOVA model. This assumes a normal

distribution of results. If significant divergence from a normal distribution were to be found

then a two-way Kruskal Wallis model would be substituted.

NH: no difference in flowering bud number among clones

NH: no difference in flowering bud number between treatment and control trees

NH: no difference in catkin number among clones

NH: no difference in catkin number between treatment and control

NH: no difference in (above cut girth - below cut girth> among clones

NH: no difference in (above cut girth - below cut girth) between treatment and controls

NH: no difference in increase in dbh over approx.  one year among clones.

NH: no difference in increase in dbh over approx. one year between treatment and controls.

The relationship between the number of vegetative buds and flowering buds on each

branch and the number of catkins and vegetative buds on each branch would be analysed

using regression techniques.

A.4.4.4 Experiment Two - planned measurements to be made prior to jlowering.

All spurs on both treatment and control branches to be counted, all vegetative and

flowering buds on each branch to be counted.

A.4.4.5 Experiment Two - planned measurements to be made post-flowering.
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All catkins on both treatment and control branches to be counted and sexed. Girth above

and below cut to be measured and control branches to be re-measured at marked spot.

A.4.4.6 Experiment Two - planned analysis.

The following null hypotheses can be tested using a nested ANOVA  model. This is

necessary as there is a within-tree component of variation as well as a within-clone and

among-clone component of variation.

NH: there is no difference in the number of vegetative buds between treatment and control

branches;

NH: there is no difference in the number of catkins between treatment and control

branches;

NH: there is no difference in the number of vegetative buds among clones;

NH: there is no difference in the number of catkins among clones

NH: there is no difference in (girth below cut - girth above cut) between treatment and

control branches.
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Appendix Five - Survey of flowering and flushing in Strathspey.

AA.1 Preamble,

Prior to this study no published information was available on the flowering biology of aspen

in Scotland. No surveys of flowering had ever been undertaken and only anecdotal evidence

suggested that aspen rarely flowers and even more rarely establishes from seed 03oluski,

Brodie, Worrell, Shearer pers.  comm.). As yet no plausible explanation for this phenomenon

has been put foward, although there are a number of factors which may contribute to the

supposed low frequency of sexual recruitment including: infrequent flowering, difficulties in

pollination caused by skewed sex ratios and population fragmentation, climatic factors

interfering with fertilisation and seed development (as, for example occurs in Lime), and

inappropriate soil and micro-climate conditions at establishment (these are more fully

discussed in Chapter ‘Iwo). The final two factors can only be fruitfully investigated using a

detailed physiological approach, however the first two possibilities can be investigated, at

least preliminarily, by field surveying.

This appendix describes a preliminary survey of flowering in Strathspey carried out in the

early spring of 1994 and 1995 and again in 1996. !t%e main objectives of this survey were

to date the beginning and end of the flowering period, to estimate the extent of flowering

throughout Strathspey, to estimate the sex ratio, to estimate the extent of flowering within

clones, to date the emergence of male and female catkins and to estimate the amount of

viable seed produced.

This appendix also describes a preliminary survey of flushing date in the same Strathspey

population which was carried out concurrently with the flowering study in the spring of

1994. The survey of flushing date was auxiliary to the main flowering survey but

nevertheless had a main objective: to provide some preliminary observations on the

potential of using flushing date as a phenotypic clonal marker. Flushing date has been

shown to be a reasonable phenotypic clonal marker in P. tremuloides  and P. grandidentata

(Barnes, 1969, 1975). However, no data has been collected on flushing date and its

potential usefulness as a clonal marker in P. tremula.
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A.52 Approach  adopted.

A.5.2.1 Locations.

The flowering and flushing surveys were both carried out in Strathspey and Badenoch in

the Central Highlands. This area has amongst the highest density of aspen in Scotland.

The surveys were necessarily structured around the two main arteries running through the

Central Highlands: the A 889/66 running approximately east to west from Dalwhinnie to

Spean Bridge and the A9 running roughly south to north from Dalwhinnie to Grantown-on-

Spey. Although these two main roads provided the skeleton for the survey many aspen

sites were surveyed which were located up to two miles either side of the roads. A total of

120 aspen sites were surveyed including a wide variety of groups from single trees, small

roadside groups, large ostensibly monoclonal stands through to aspen within mixed native

woodland.

A.5.2.2 Timing.

Three annual flowering surveys were carried out in 1994, 1995 and again in 1996.

Flushing date was only surveyed in 1994. The 1996 flowering survey had not been planned

although the extensive flowering which occurred throughout Strathspey  in that year, indeed

throughout the rest of Scotland, provided a good opportunity to estimate sex ratio over a

much larger sample size.

The time available for both flushing and flowering surveys was necesstily limited by both

lab work commitments and finance. A complete survey of the entire flowering and flushing

period was not considered feasible as the flowering and flushing period is protracted -

running from mid April to mid-June. Flowering and flushing date were surveyed from 21st

April to 25th May in 1994; flowering was surveyed from 15th April to the 21st May in 1995

and from 17th to 18th April in 1996. The results from the 1994, 1995 and 1996 flowering

surveys are presented in Tables A5.1, As.2 and A5.3 respectively.
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A-5.2.3 Flowering Survey.

At each selected aspen site binoculars were used to search the canopy for flowering buds or

catkins. In reluctantly flowering aspen often the only catkins present were high in the

canopy and were therefore easily missed. High pruners were used to remove catkins for

sexing where possibe, although for larger trees catkins were knocked off by throwing sticks

into the canopy for sexing.

A.524 Surveying for flushing date.

Each selected site was visited every four to five days throughout the survey period. The

extent of leaf emergence was scored using a five point scoring system running from 1-5.

This system is described in Section 5.2.6 of Chapter Five as it was later used to scored leaf

emergence in Tomnagowhan Wood.

AA.3 Findings.

A.5.3.1 Flowering survey.

The surveys described here can only be considered to be of a preliminary nature as both

time and resources were limiting. As full data sets could not be collected no formal data

analysis was therefore attempted. However, a number of useful conclusions could be drawn

and these are set out below.

A.5.3.2 Timing of flowering.

Flowering was evident from the 15th. April onwards although there is some indication that

male catkins can emerge earlier than this date (c.f. the observation of spent and withering

catkins at the EBW Sawmill dated 15/4/95).  In general there is little indication that male

catkins appear much earlier than female catkins, although in a small number of cases

withered male flowers were found early on in the flowering season when female catkins had

only just emerged. Certainly no well developed female catkins were found before male

catkins.
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Few male catkins were found on the branch after the first week in May and certainly

ceased producing pollen before then. The period during which pollen is produced is no

longer than 14-18 days and in many cases is probably shorter. Female catkins, however,

can remain on the branch until mid-late May, indeed, until their seed has been shed.

However, there is evidence of female catkins abscising as early as the 6th May (Underwood

1995, 7/5/95  Mains of Breakachy and Coille an Torra Chruadh)  perhaps as they have not

been fertilised or possibly because of frost damage.

The survey of flowering was not carried out over a long enough period in each of the three

years to determine whether there was any great variation in the timing of flowering from

year to year. Initially it was thought that flowering time was very variable among clones -

certainly in 1994 and 1995 a small number of flowering individuals were only spotted well

into the flowering period. However, these aspen produced 06, small numbers of catkins,

often high in the canopy, and it is more likely they were simply not spotted in previous

visits. Indeed, no great variation in flowering date among clones was observed and there is

little evidence to suggest that flowering date would constitute a useful phenotypic clonal

marker as has been suggested for P. tremuloides and P. grandidentata (Barnes, 1969,

1975).

A.5.3.3 Extent of flowering.

The extent of flowering in the first two years of the study (1994-1995) was indeed limited.

Of the 120 or so groups observed in these two years catkins were only noted at 9 sites in

1994 and 14 sites in 1996 constituting only 7.5% and 11.5% of the sites surveyed

respectively. In 1996 the extent of flowering was much greater - catkins were noted at 91

groups constituting 76% of the all sites surveyed.

Of the aspen flowering in 1994 at seven of the nine sites the extent of flowering was noted

as being slight or indeed very slight, whilst in 1995 at nine of the fourteen clones flowering

was reported as slight. In the majority of cases only a handful of catkins were visible (in

some cases less than five) often high in the canopy and easily missed. Frequently only a

single ramet within a clone bore any catkins. In a few cases flowering was described as

slight when restricted to a single branch which was obviously damaged. This ‘agony

flowering’ - discussed in Appendix Four - was manifest as heavy catkin production  on the
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single damaged branch (c.f: Inverallen, 1994, 1995; Mains of Breakachy 1995, Insh Lodge

1995)

In 1996, in contrast, sixty eight of the ninety one flowering aspen were recorded as bearing

heavy or med./heavy catkin loads. In almost all clones large numbers of catkins were borne

by all ramets though those at the edge of the clone bore slightly greater loads. The obvious

conclusion to be drawn is that widespread flowering coincides with heavy flower production,

whilst restricted and sporadic flowering coincides with limited numbers of flowers being

produced by each tree. Certainly in dioecious species such as aspen flowering must be

synchronised to allow pollination. It would seem there is a degree of synchronisation in the

flowering of the Scottish native aspen resource, and, although the mechanism is, as yet,

unknown it is likely that climate is a major controlling factor.

Of the nine flowering clones noted in 1994 three also flowered in 1995 and again in 1996.

Whilst only producing a few flowers in 1994 and 1995 it is surprising that the same clones

flower year after year in contrast to the rest of the population. Such repeated flowering of

isolated clones has also been reported by Brodie (pers.  comm.) Indeed it has been

suggested in Chapter Four that the small deficit of heterozygotes detected in Scottish aspen

populations may be due to assortive mating among a small subset of consistently flowering

clones. Whilst no seed was produced from these three clones during 1994 and 1995, these

findings constitute some little evidence to support this hypothesis.

A.5.3.4 Sex Ratio.

The sex ratio was estimated for each year and was remarkably constant over the three

years despite the great variation in flowering extent. In 1994 the male:female ratio was

6:3, in 1995 it was 9:5 whilst in 1996 it was 57:34.  The most accurate estimate from

1996, based on the largest sample size, gives a ratio of 1.67 males to females. Although

no formal analysis was carried out no geogaphic  pattern in the distribution of males and

females was discernible.
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A-5.3.5  Seed production.

No seed was produced from the three flowering females discovered in 1994. The only

flowering female clone (Coille an Ton-a Chruadh) in the close vicinity (<5OOm1  of a flowering

male (Torcroy) yielded no fertilised catkins - indeed by 25/5/94  most of the catkins on this

clone had begun to wither and drop off. In 1995 only two female clones - at Askival and

the BSW Sawmill - maintained catkins into late-May. Whilst no flowering male clones

were known to be in the vicinity (<50&n)  of the Askival flowering female clone, a heavily

flowering male clone was in the immediate vicinity of the BSW Sawmill female clone (BSW

Sawmill c. 40m. away). By 2l/5/95  the catkins on the clone at Askival had became very

plump, yellow and had begun to split revealing pappus  suggesting they had indeed been

fertilised. The catkins on the clone at the BSW Sawmill had also turned yellow by 21/5/95.

However, they were neither so plump or revealing pappus  hairs as found at Askival. Alba

Trees, who have expertise in the process, were directed to both clones to collect catkins and

extract seed. However, no fertile seed was produced from either clone (R. Shearer pers.

comm.).

The flowering survey of 1996 was carried out over only two days in mid-April. The

longevity of female catkin retention was not surveyed as in previous years and no attempt

to estimate seed production was made. This was chiefly due to a lack of time and finance.

However, extensive seed collection was carried out throughout Strathspey and large

numbers of viable seed were collected (Shearer, WorrelI,  pers. comm.).  However, the exact

locations of seed producing clones and volumes of fertile seed produced were not reported by

the collectors.

It is tempting to conclude that seed is only produced during extreme flowering events such

as occurred in 1996, and futhermore, that in lesser years flowering clones produce so few

catkins and are at such great distances from each other that the probability of pollen being

transferred between clones is practically negligible. However, the scope of the surveys

described here is not large enough for such conclusions, however plausible sounding, to be

made - small amounts of seed may be produced fi-oma limited number of clones during

many bad’ flowering years without being reported.



Appendix Five - Survey of flowering and flushing.

A.5.3.6 Flushing Survey.

Again no formal analysis was attempted with the data collected in this survey. However, a

number of useful insights and observations were made and useful conclusions can be

drawn. These are are discussed below.

All ramets within the many small, discrete and putatively monoclonal  aspen groups that

were surveyed were observed to flush in uniform, indeed there was no variation in flushing

date observed within any of the smaller groups. However, variation was found among such

groups with bud burst occurring in excess of 14 days later in groups no more than 100 m

apart, for example at Inveruglas.

In larger aspen stands within mixed native woodlands such as Tomnagowhan, Kinchurdy,

Speybank  and Dreggie Woods, a greater variation in flushing date was observed. However,

within these larger stands smaller geographically-coherent groups of aspen were observed

to flush in unison. Neighbouring groups of uniformly flushing aspen within the larger

stands were observed to be at widely differing stages of leaf emergence. It is likely that the

differences observed are indicative of smaller clonal groups making up a larger aspen

stand. Such observations would tend to suggest that flushing date may indeed be a useful

phenotypic clonal marker. It was precisely this observation which provided the impetus for

the evaluation of flushing date as a phenotypic clonal marker described in Chapter Five.

No general geographic trends were uncovered in this survey - see Tables A.5.4. and A.5.5.

For example, northern clones were not found to flush later than southern clones nor did

western clones flush earlier than eastern clones or vice versa. Indeed, the great variation

among clones in flushing date would have obscured any underlying geographical or

altitudinal flushing clines.  To investigate such geographical patterns in flushing date a

much larger survey area would be required, perhaps including survey areas in the far north,

the Northern Isles, the Horders and perhaps into England.

The earliest fully flushing aspen were noted on the 11th May at Inveruglas and on the 16th

May at Highbridge and Roybridge at the eastern and western limits of the survey

respectively. The date of full leaf emergence of the latest flushing clone was not recorded as

a small number of aspen clones had not even began to show signs of bud swelling by the



Appendix Five - Survey of flowering and flushing.

end of the survey period. Many of these late flushing clones had, however, produced flowers

earlier in the spring - for example, the flowering clones at Inverallen and Granish had

produced no bursting buds by 24/5/94 and 25/5/94 respectively. As full flushing, from bud

swelling to full leaf emergence, was found to take in excess of 14 days, these late flushing

clones could not have produced leaves until well into June. Indeed, it is not such an

uncommon site to see aspen without leaves in early-June.

kable A.5.1 Flowering survey results from the period 21st to 25th May 1994.

19/4/94 Tulloch NH 988 164 male very slight

9m94 Inverallen NJ 028 264 male very slight

g/5/94 Bohuntinville NN 286 826 male slight

9/5/94 Loch Laggan NN 496 877 female slight

1 lEv94 Speybridge NJ 034 267 female heavy

1 l/5/94 Coille an
Terra

Chruadh

ITN 775 998 female medium

1 ll5/94 Torcroy NN 776997 male slight
I I I I

19/6/94  1 Ruthven I NN768996 I male 1 slight

A few catkins on edge
branches. Pollen producing,
By 9th May catkins dry and
crumbling 25/5/94  Flowers
mostly now absent.
Only one branch-pollen
producing. 915194 no sign of
withering. 18/5/94  catkins
withered. 25W94 No catkins

One damaged branch on one
tree. Catkins withering but
pollen present. 19/5/94
Catkins absent.
Five catkins high in the
crown - withering. 14/5/94
-catkins alI blown off.
Catkins high in canopy,
robust and receptive. 1916194
Catkins drying up and falling
off. 25/6/94  catkins absent
Roadworks  by flowering tree,
roots damaged -agony
flowering. 19/5/94  catkins still
vigourous. 2514194  catkins
withering
Catkins high in canopy -
receptive. 19/5/94  -still
vigourous 25/5/94 catkins
withering.
catkins withering and
dropping off.
catkins still producing pollen.
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Table A5.2 Flowering survey r-e&& from the period 15th April to 21st May 1995.

plump and vigourous. 6/5/95

thering. 7/6/95 catkins

Bridge catkins
15/4/95 Inverallen NJ 025 266 male alight single branch of single tree -

spent. 6&i/96  male catkins
now absent.

17/8/96  Loch an Eilen NH 891097 male slight withering. 616195 Largely

absent

1714195 Insh Lodge N H  8 3 8  0 4 4 male slight
agony flowering on broken
branch. 6l5l95  withering and
senescent.

6/5/95 Coille an N N  7 7 6  9 9 6 female alight five catkins high in canopy.
Terra 6/5/95 catkins missing

Chruadh
6l5/65 BSW Sawmill NH 943 198 female heavy adjacent to male flowering

clone/catkins withering.
Unlikely to have been
fertilised. 21/5/95  Still present
yellowish but not as plump as
Askival



Appendix Five - Survey of flowering and flushing.

Table A5.3 Flowering survey results from the period 17th to 18th April 1996.

~ Date

1714196
1714196

17l4I96
1714196

1714196
1714196
1714196
1714196

1714196

17l4lQ6
17/4/96
1714196

1714196

1714196
17f4l96

1714196

17/4/96

1714196

17l4B6

1714196

1714l96

17/4/96
1714186
1714196
17l4l96

~ Location

Culfoichmore
Grantown Golf

Course
Dreggie Woods

Dreggie Caravan
Park

Dreggie Woods
Speybank
Inverallen
Inverallen

House
Inverallen

Roundabout
Dulnain Bridge
Dulnain Bridge

Upper
Tullochgribban

Carrbridge
Schoolhouse
Carrbridge

E. of
Lochanhully

w. of
Lochanhully

Ellanwood Road,
Carrbridge

Car-r-bridge  to
Boat of Garten

Road
Carrbridge to

Boat of Garten
Road

Carrbridge to
Boat of Garten

Road
Kinveachy

BSW Sawmill
BSW Sawmill

- Kinchurdy
Woods

BSW Sawmill
BSW Sawmill

Deishar
Kinchurdy

Woods
Kinchurdy Road

Loch Vaa
Tomnagowhan

Kinchurdy Road

Tomnagowhan
Tomnagowhan
Tomnagowhan
Tomnagowhan

Map Sex Flowering Comments

Reference extent
NJ 085 322 male heavy pollen releasing

NJ 043 283 male heavy spent

NJ 024 283 male heavy pollen releasing
NJ 026 284 male med. spent

NJ 023 281
NJ 032 266
NJ 026 266
NJ 028 268

I
male heavy pollen releasing
male med./heavy spent evidence of grubs
male heavy pollen releasing
male heavy pollen releasing

N H 905 228 female heavy receptive

NH 909 218 male heavy withering

NH 910 214 female heavy vigourous, receptive

NH 911201 female med./heavy receptive

NH 914 189 male heavy site of flowering induction
expt. pollen producing

NH 943 198 female heavy receptive
NH943 198 male heavy pollen producing
NH 924 192 male heavy withering
NH 931 175 male heavy pollen producing

4
NH937178 female heavy receptive
NH 911 174 male heavy spent
NH 966 154 male heavy pollen I 4
NH 9f
78

It
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T
-~

heavy 1 pollen producing
T! h e a v y  1 p o l l e n  p r o d u c i n gmale .- _

heavy 1 pollen producing

157 1 male 1 heavy 1 pollen producing 1

e 1 heavy I receptive I

I Loch Vaa NH 912 176 female med./heavy receptive

heavy spent

I med 1 just emerging
074 [ maL 1 h e a v y  I p o l l e n  p r o d u c i n g. __

I pollen producing
838 044 I male  I heavy 1 pol len producing__ . I

1 female 1 heavy I emerging

087 1 male I heavy I spent I

067 I male I heavy I spent

--
812 016 I female I hghtfmed. I receptive

le I light emerging
803 012 1 male  I heavy I  pol len producing. __

996 1 male I -heavy 1 pollen producing - site of

Ue an Torra NN 775 998
I

female
I

heavy
I

receptive
I

I 1 I I t

U/4/96 I Coille an Torra I NN 774 998 I male 1 heavy 1 pollen producing 1
Chruadh I I

B/4/96 Ruthven NN 768 996 male I heavy I spent I
1 W4l96 Lynchat NH 779 020 female 1 heavy I receptive I
18W96 Newtonmore NN 729 998 female heavy receptive
18/4/96 Old Glen Road, NN 713 994 female heavy receptive

Newtonmore- L 4
M/4/96 ver Calder,

_-A--- ---
NN 705 984 male

979 females

heavy

heavy

pollen producing

receptive

reagdhubh NN 672 954
3

male
heavy I pollen producing
light spent

Lodge I I I I
reagdhubh NN 672 954 1 female 1 heavy receptive I

J 680 909 1 heavy I pollen producing



Appendix Five - Survey of flowering and flushing.
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18W96

- ow
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Breakachy

I
-2: I
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pollen producing
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experiment
receptive

Table A.5.4 Highbridge to Llalwhinnie. Running roughly west to east
Surveyed over 9th to 25th May

1 g 1 IO 111 I12 116 1171 18 I19 I201 23 I24 I26
I 3 5 5

4 5
6

I
5

LOCM0n

Tighbridgn

t

Corriechoil
Roybridge

1

3
4
2
1
1
2
1
1

1 2
1 2
1 2

i
5
2
3
1
3
2
2
2
2
2

Table A.55 Crubenmore to Wester  Culfoich. Running roughly south to north
Surveyed over 9th to 25th May

3 5
2 3
3 4
3 3
5 5
2 3
3 4
3 4

1
1
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Appendix Five - Survey of flowering and flushing.
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Broomhill Bridge 1 1 2 4

Street of Kincardine 1 3 4 4
Deishar 2 4 4
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Speybank 2 4 4
Inverallen 1 1 1

Dreggie 2 4 4
Wester CuIfoich 2 3 4
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