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ABSTRACT

This thesis quantifies aspects of shade tolerance in tree seedlings of species native
to the Caledonian pinewood ecosystem of Glen Affric (Highland Region, Inverness-
shire). Growth, allocation and morphological responses of 15 species to irradiance
under simulated forest canopy light were investigated in a nursery-based shade house
experiment. The same responses of four of the 15 species (Ilex aquifolium, Alnus
glutinosa, Sorbus aucuparia and Betula pubescens) to different developmental
stages of Pinus sylvestris woodland were investigated in the field. The spatial and
temporal growth responses of naturally regenerating S. aucuparia seedlings to shade
and gap microhabitats were also studied. Data from the shade house experiment
enabled further detailed exploration of the relationship between relative growth rates
(RGR) and irradiance and potential cross-overs of ranks of growth in high and low
light conditions.

The main findings were: 1) species displayed typical responses to shade such as
decreases in RGR and net assimilation rate (NAR), increases in specific leaf area
(SLA) and leaf area ratio (LAR) and reduction in the root:shoot ratio; ii) despite
similar responses to shade, species specific differences were clearly reflected in
significant species-light interactions or species-stand interactions for all growth
variables; iii) variation in RGR in low light could be explained by LAR and
variation in high light explained by NAR in the nursery, but this pattern was not so
clear in the field; iv) most species maximised growth rates at intermediate light levels
rather than in full daylight conditions; v) Ellenberg's original light indicator values
underestimate the light demand of some species in the nursery but conform better to
responses in the field; vi) natural regenerating Sorbus aucuparia seedlings persist
under the shade of old-growth P. sylvestris canopy up to 14 years; vii) responses of
both planted and natural regenerated S. aucuparia seedlings reflect intermediate
shade tolerant behaviour; viii) there was no clear evidence of an inhibitory effect of
the abundance of Calluna vulgaris on seedling growth but low levels in shade were
associated with a high abundance of S. aucuparia seedlings and successful growth
and performance of 1. aquifolium seedlings.

Recommendations for restoration or rehabilitation within the Glen Affric
Caledonian pinewood include growing A. glutinosa, in the open and old-growth
woodland patches. B. pubescens and S. aucuparia are best planted on the edges of
well-drained old growth stands and /. aquifolium under more shade (15% PAR)

protected from extensive C. vulgaris cover, leaf miner and frost.



ACKNOWLEDGEMENTS

I would especially like to thank Colin Legg, for his endless patience, interest and
commitment to this project. I am very grateful for all of his advice and enthusiasm,
which has been instrumental in the production of this thesis.

I would also like to thank Jonathan Humphrey and his colleagues from Forest
Research (Forestry Commission) for their advice and support. I would particularly
like to thank Tom Connolly, for his statistical advice and his kind patience in
explaining various models of analysis. Forestry Research provided an essential
vehicle for fieldwork, as well as many man days of technical support from the team
at Newton. The use of the tree nursery at the Northern Research Station provided
facilities and space for seedling preparation and the shade house trial.

I fear if I start listing all the Edinburgh University undergraduates that helped on
this project over three years of fieldwork, I will accidentally miss someone out which
I would not want to do. Without their company and help, the Glen Affric midges and
ticks and the months and months of root washing would have been unbearable.

I am grateful to all fellow PhD students and staff at the Institute of Atmospheric
and Environmental Science for fruitful conversations and encouragement during the
PhD. Meg Pollock was very kind in reading over chapters in the final stages.
Finally, I would like to thank Susan Ogilvy and James Edwards for their field

assistance in Glen Affric, and especially for their moral support.



ABBREVIATIONS

RGR (g g”'week™)

RHG (mm mm™ week™)
RDG (mm mm™ week™))

LMR (g g™
SMR (gg")
RMR (g g™

RS (ggh)

SLA (m?g™)
LAR (m’ g

NAR (g m? week™)
SSL (mm g™)

d:h ratio

Stem mass (g)
Root mass (g)
Plant mass (g) (W5)
Leaves

PAR

PPFD

R:Fr

CPI

CP%

S.E.

STDEV

CI

LSD
ANOVA

d.f.

P

F

Relative growth rate per week: the rate of dry mass increase per unit
plant dry mass.

Mean relative height growth rate per week

Mean relative diameter growth rate per week

Leaf mass ratio: ratio between total leaf dry mass per plant and total
dry mass per plant.

Stem mass ratio: ratio between total stem dry mass per plant and total
dry mass per plant.

Root mass ratio: ratio between total root dry mass per plant and total
dry mass per plant.

Root to shoot ratio: ratio between total root dry mass per plant and
total shoot (leaf + stem) dry mass per plant.

Specific leaf area: ratio between leaf area and leaf mass.

Leaf area ratio: ratio between total leaf area per plant and total dry
mass per plant.

Net assimilation rate: rate of dry mass production of a plant
expressed per unit of total leaf area.

Specific stem length: ratio between stem length per plant and total
dry stem mass per plant.

Basal diameter : stem height ratio

Total stem mass (including petioles and rachis) per plant

Total root mass per plant

Total plant mass (leaf, stem and root mass) at final harvest

Total number of leaves per plant

Photosynthetic Active Radiation

Photosynthetic Photon Flux Density

Red : Far-red ratio

Cross Over Point Irradiance

Percentage of cross-overs between shade and gap irradiances
Standard error

Standard deviation

Confidence interval

Least significant difference

Analysis of variance

Degrees of freedom

Probability value

Variance ratio
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