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Figure 1 - restored bog pool at Glencoe © Emma Stevens-Veitch
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1. Introduction

The Dragonflies on the Bog Project delivered by The British Dragonfly Society (BDS) from November
2024 to March 2026, built on an earlier successful pilot at the Corrour Estate to restore valuable
habitat for rare dragonflies. Bog pools and peatlands are a risk from climate change and other land
use. This project set out to make this habitat more resilient by working in stronghold areas for the
rare species in the north-west Highlands. The BDS worked in partnership with eight different
landowners in landscape clusters to ensure dragonfly bog pool habitat, at threat from drying out and
being lost, could be made resilient by restoration measures.

A combination of land management practices, climate change, and rising temperatures is having a
concerning impact on Scottish dragonflies and their habitats. Three of the rarest Odonata species in
the UK— Azure Hawker Aeshna caerulea, Northern Emerald Somatochlora arctica and White-faced
Darter Leucorrhinia dubia (Figures 2—4)—are largely found in Scotland. Their preferred habitat
consists of pools and bogs, which have been negatively affected by warming conditions and recent
periods of drought.

Figure 2 - Azure Hawker Figure 3 - White-faced Darter Figure 4 - Northern Emerald
© Chris Lamsden © Stephen Carter © Stephen Carter

These species are known to be declining towards the southern edges of their European ranges. The
British Dragonfly Society’s State of Dragonflies Report (BDS, 2021), based on 1.4 million records
collected over the past 50 years, highlights that populations of all three species are now so
threatened that the BDS has reclassified the Azure Hawker and Northern Emerald as Endangered,
alongside the White-faced Darter on the revised Red Data List (in prep). Restoring peatland and bog
ecosystems is therefore essential to improve habitat quality and build resilience for these and other
dragonfly species that depend on these fragile ecosystems.

In addition, other bog-associated species such as the Common Hawker and Black Darter are also
declining across Europe and in parts of England, and have been re-classified as Near Threatened on
the Red Data List. All five species are now recognised on the Scottish Biodiversity List (Scottish
Government, 2025) as the “Dragonfly Bog Species Assemblage.”

This Guide sets out learning from the project and offers guidance for those interested in carrying out
their own interventions to benefit peatland dragonflies and wider bog pool biodiversity. The BDS are
still monitoring the results from the project and it should be recognised this guidance is based on
early observations. The BDS intend to carry out habitat monitoring and continued surveys over time
at the Project Sites however early results from delivery sites in winter 2024/25 have been positive
with all rare species recorded in good numbers at surveys in summer 2025.
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1. Habitat Preferences

This section reflects BDS knowledge and experience although general field observations in recent
years show that these preferences are not strict and species may be adapting to survive by widening
their range of where they are typically found. All of the bog species assemblage have the ability to
move over considerable distances and considering breeding records at the landscape scale gives
insight into potential for habitat options.

1.1 Azure Hawker
Larvae prefer small shallower pools 10-30cm deep with floating Sphagnum cuspidatum and Cotton-
grass. These can be as small as 1m x 2m, or long narrow pools up to 20m long and 1m wide. If the
pools are larger, they often have islands in the middle. However, deeper pools 40-50cm are used in
dry conditions but the larvae can be more vulnerable to predation here. The adults bask on light
substrates, boulders and forest tracks. They are often seen feeding singly in woodland rides or along

wooded burns. The images below (figures 5-8) illustrate typical suitable habitat and a larva.
-

Figures 5 - 8 Typical Azure Hawker habitat © Jen Davidson and larva image © Amy Roberts
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2.2 White-faced Darter

Larvae prefer deeper pools >30cm at the edge with open water and a ring of sphagnum and some
floating sphagnum. Often found in larger pool complexes. They have been present in pools over
500m at Coire Ghlais but generally, they are found at much lower altitudes. Several adults are often
active around the pools. The images below (figures 9-12) illustrate typical suitable habitat, plus a
larva.

Figures 9-12 - Typical habitat for White-faced Darter (top images © Jen Davidson) and lower right (Emma Stevens-Veitch,
White-faced Darter lower left © Paul Fraser
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2.3 Northern Emerald

Larvae use pools, runnels or ditches with lots of soupy Sphagnum cuspidatum, Sphagnum
denticultatum, which are >30cm deep at least. Most pools are in or near woodland, however larvae
are occasionally found in pools on the hill ground above the forestry. Adults hunt amongst the tree
tops, usually singly. They are not often seen by lochans although could exist in pools nearby.
Northern Emerald is likely to colonise areas with sufficient sphagnum and depth of water. It is likely
to be in areas where there are pools nearer to woodland or wooded burns. It is often found also in
sphagnum filled runnels or dammed ditches which may become too dense. Management in this case
would be to dig out alternate sections. The Northern Emerald has colonised forestry ditches and
needs less open water so has colonised the smaller pools created in bog restoration work. Living in
wet sphagnum larvae are more resilient to periods of dry weather. The images below (figures 13-16)
illustrate typical suitable habitat and a larva.

Figures 13-16 — Northern Emerald larva and typical habitat all © Emma Stevens-Veitch except bottom left © Jen Davidson
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2. Management Suggestions

This section focuses on the restoration of existing pool complexes rather than the creation of new
pools. The emphasis is on creating pool resilience to drought conditions and refuge for larvae during
drier periods. Some key principles and questions when selecting pools for restoration:

The site is considered holistically first. Are there existing dragonfly breeding records for the
site or nearby? This can indicate habitat suitability for specific species and the types of
intervention, although it should be noted that species have the ability to fly over several
kilometres.

This work can be stand alone or alongside a larger peatland restoration project and often
may be considered in areas of degraded peatland. There are other considerations for
peatland restoration sites and these are noted below in section 3.8.

Interventions are mindful of peat depth and topography. The peat layer must not be
breached into the mineral substrate below. It may be possible to have interventions in
shallower peat using different measures and this project has not tested this.

Ideal sites are generally in flatter areas or very low incline where water can naturally be held
although may be at altitude. Project interventions have worked at a variety of heights up to
nearly 500m.

Could the use of small peat dams at strategic points significantly improve resilience of pools?
Are there key run off areas?

Are the pools at risk of infilling? Is there dried sphagnum matting creating a layer over the
pool?

Are there runnels or ditches that could benefit from scooping and/or damming?

The contents of pools should be carefully preserved to ensure existing rare species will
survive the restoration processes.

A variety of habitat across the landscape and in pools is key. Some deeper and shallower
pools and areas in pools, sections of open water, retaining good sphagnum fringes and pool
vegetation.

Dragonfly pool restoration adopts many standard peatland restoration techniques, however
the approach is more refined and focuses on benefits for habitat restoration.

Land managers should follow the guidance of industry bodies and skilled contractors. The
BDS follows the guidance relevant to our pool habitat restoration as set out within the
Peatland Action Technical Compendium, such as the selection and location of dams, suitable
machinery and methodology for hand-built dams.
https://www.nature.scot/doc/peatland-action-technical-compendium

SEPA guidance is also being followed with regard to observing proximity to watercourses and
gradients of peat dam slopes. The proposed dragonfly restoration locations are chosen with
this in mind, to avoid proximity to watercourses or steep slopes.
https://www.sepa.org.uk/regulations/water/

All natural heritage designation and planning permissions should be sought from NatureScot
and the local planning authority where appropriate.
Ecological surveys are undertaken prior to works to assess if any restrictions are needed.

Work should be carried out from August to March to minimise ecological impacts such as for
breeding birds. Additional site specific restrictions on timing may be needed during these
times depending on species present and the ecological survey will determine this.
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e High deer population could have a negative impact on restoration features and this requires
consideration before investing in work.

e Contractors and land managers should thoroughly clean and dry excavators or hand digging
equipment between sites to prevent introducing non-native aquatic plants or pathogens into
the pools.

o It will be helpful to conduct a baseline study before works as well as subsequent surveys to
monitor benefits of any intervention.

3.1 Blocking breach points to hold more water in pools and create larger habitat areas

e This is a simple technique that can also fit well in peatland restoration sites. Pools that have
breach points or areas that are seeping out, can be blocked using peatland restoration
techniques such as wave damming or the creation of physical peat dams or bunds
appropriate to the specific situation. Borrow pits created in the process can create additional
habitat. Land managers and contractors should evaluate what is the most appropriate
method.

e The existing topography can be used to decide the shape of pools particularly where there
are long narrow channels. Because some pools are long and sinuous and part of an
interconnected system, damming a strategic point can create a network of habitat by the
build-up of water creating various depths on an uneven ground surface. Larger pools can be
created by placing a small number of dams to impede drainage, however because of the
topography here, shallower pools of various depths can result in the narrow arms which
retain some sphagnum and provide good habitat for the Azure Hawker and Northern
Emerald.

e The water level can be raised in suitable shallow sphagnum filled pools where previous
drying out was in evidence. This can be done by placing small peat dams along the lines of
where water is draining away, along with the creation of a small deeper area behind the dam
but far back enough not to add pressure directly on the dam.

e The spoil dug out for deepening can be used for making dams in the eroding peat channels in
the vicinity if suitably impermeable. If too loose, then create moraine-like hummocks or
sheltering bunds nearby carefully removing the vegetation layer first then replacing it on top
of the new mound.

e Borrow pits created to access black compressed peat to create an impermeable dam can
become a new, nearby pool, sculpted as such that it will infill naturally and have natural-
looking scalloped edges, with a gentle gradient to edges as far as possible. Add sphagnum
from existing nearby pool once filling up to help establish flora and fauna, aiding colonisation
by rare dragonfly larvae.

e The below images (figures 17-24) illustrate possible enhancements.
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FROM THIS

TO THIS

Figures 17 -20 - examples of water backing up and filling uneven depression in the ground, creating naturally graded,
vegetated edges as a result of strategic, small dam placement. The existing flora and fauna remains undisturbed and
benefits from expansion of depth. © Jen Davidson
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Figures 21-22 - Top image - illustration of drying pools, with faint relics of linked channels. Below image - illustration of
effective damming on complex in above illustration to wet up and restore pools to former depth and width © Jen Davidson
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Figure 23 - Aerial sketch of borrow pit, keyed-in dam, effect of water build-up to restore pool and deepening area to create
drought-resistant sump a safe distance behind dam. © Jen Davidson

Figure 24 - cross-section sketch illustrating the above scenario. © Jen Davidson

Page 11 of 15



3.2 Creating depth with sumps and removing sphagnum matting

Depending on peat depth it may be possible to create deeper sump areas within pools of up
to 1m, but care should be taken to allow at least a 30cm buffer before reaching the mineral
layer. These sumps are generally small in diameter of around 1m x2m wide, depending on
accessibility and the pool size, and may reflect one or two large bucket scoops of a typical
excavator used. There is generally some slumping of the pool contents so at least two scoops
is needed but discretion by the operator is advised.

Where dried sphagnum has created a hard mat this can be removed by gently scraping an
excavator bucket head through and using the edge to form a wave dam. Alternatively
agitating this can also benefit. In the cases where pools are infilling it may be appropriate to
scoop slightly deeper.

3.3 Preserving larvae during the process

Carefully remove, retain in a wet hollow and transfer or replace actively-growing aquatic
sphagnum. This will save any larvae using it as a refuge, and boost habitat provision.

The “dug out” material not being used for dams should be placed within 0.5m of the edge of
the newly dug/existing pond if possible to allow fauna to make its way back to the pool.

3.4 Sphagnum seeding

Sphagnum can be transplanted from existing pools into newly wetted areas as the job
continues to allow it to establish quicker and potentially transfer some dragonfly larvae from
deeper areas back into shallower water that they were in before re-wetting.

3.5 Providing shelter from wind

Barrier reefs (figure 25) to slow wind action on the water surface, can be added singly or
staged to create a ‘harbour’ where the wind action nullifies the wave action on the water
surface. The habitat is still connected as one pool, but areas of sheltered edges are
increased allowing aquatic sphagnum to establish providing shelter and feeding for larvae.
This can rescue a pool from having 50% potential habitat removed by prevailing winds. Wave
action eroding peat at the unsheltered edge is significantly reduced, and by blocking escape
channels of water and increasing depth and volume of water covers black peat erosion
allowing for recovery and re-vegetation of that edge.

The reefs are keyed-in to the pool edges using the same methodology as trench bunding or
dams, using black peat to build the impermeable layer for example 1 metre depth, 1 metre
width with 50cm keyed into land at the edge and 50cm creating the barrier reef in the pool.
Actual measurements depend on pool size and peat depth.

In a larger diameter pool where reefs would be impracticably long to produce, it is possible
to identify a nearby moss-covered hummock. If it does not contain a large boulder, it can be
dug out and added to the centre of the pool, sitting proud of the anticipated restored water
level. This should break up the wind action on the water. Small islands are usually removed
from smaller pools to prevent drying and succession, but adding to a larger pool may provide
a solution to providing shelter.

Page 12 of 15



Figure 25 - illustration of harbour wall feature to mitigate wind action in exposed areas © Jen Davidson
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3.6 Man-made ditches

These can offer excellent habitat conditions in time and simply blocking these with dams to create
longer pools and allowing sphagnum to cultivate in the open area will in time bear results. The
example below (figure 26) is around 10m in length.

Figure 26 —dammed ditched at Glen Shieldaig © Emma Stevens-Veitch

3.7 Runnels

These are natural small channels (figure 27 for example) that traverse with an element of flow across
blanket bogs connecting pools. They are often sphagnum dense and can be excellent habitat for
Northern Emerald in particular. Where runnels become very choked and at risk of infilling, simply
removing small intermittent scoops (small bucket head size) along the length of the channel every 2-
3 metres apart will open these up.

Figure 27 - runnel at Glen Etive © Emma Stevens-Veitch
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3.8 Peatland restoration sites:

Pools created or restored in the peatland restoration process are often small for the promotion of
sphagnum formation and the long-term creation of peat. Whilst this can offer some benefits for
biodiversity, a variety of pool sizes is key across the landscape as well as retaining areas of open
water. This is generally the case based on natural topography although considering biodiversity at
the design stage may offer opportunities to increase possibilities across the landscape.

Usually there are still plenty of options for habitat restoration across the context of the landscape
and there may be areas suitable for invertebrate biodiversity such as gullies or larger pool
complexes. Often operators are traversing across the landscape between restoration points and may
pass pool features that are not part of the restoration footprint. The adoption of some of the above
techniques in these areas can add additional benefits. Some extra points to note:

e Deeper pools should not be located close to restoration features and a minimum buffer zone
of 20-30 metres away from restored features is advised.

e Where possible if some larger pools can be left in restoration areas this will be helpful to the
overall biodiversity of the landscape providing options for a wider range of species.

e Providing some sump areas in a selection of pools will help with longer-term resilience.

4. Conclusion

Itis still relatively early in the monitoring process for this work but recent survey results have been
encouraging and it is hoped these pools will develop sufficiently to provide a refuge and increase the
resilience for the range of bog species including the other rare dragonflies. This will help to
counterbalance the increasing threat of climate change to this very specialised habitat. Additionally,
these resilient bog pools will provide breeding habitat for a range of more widespread species and
increase the biodiversity of an area.

The interventions proposed here, although generally using excavators (hand digging is possible in the
case of access or budget restrictions), take a delicate refined approach and the BDS encourage land
managers to adopt this mindset when approaching the work.
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