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Summary

Sphagnumrestoration works are essential to 4muild the peat on the moors, towards a
sustainable blanket bog habitat. feroduction of Sphagnuncan halt the loss of erosion
of peat on the moors and in turn the loss of carbon to the atmosphef&phagnm
restoration works also importantly create a wetter environment on the moasich is
beneficial for water quality, reducing flood risk and the risk of wildfires.

To investigateof the recovery ofSphagnumhummocks following harvesting from donor
sites for translocation, werecorded capitulum density measurements, areéhole)
measurements, vegetation survey daad fixed point photographgf fixed quadrats setip
on Sphagnumpalustre before harvesting in spring 201&nd after a recovery period, in
winter 2018 as well agnonitoringcontrol (no intervention) quadratsWe assessed changes
over time using pairedamples analyseef the capitulumcount data andof the repeat
vegetation surveylata

This pilot study has yielded evidence to suggest t8phagnum palustrea hummock

forming species, recovers from a 10 % harvesting rate. Bais¢he observed recovery rate

of treatment quadratf pT 7 G261 NR& GKS 2NRAIAYIf RSya’
aSlFaz2yaQ o020SN) mnm 6 S Sqvérndduldds aclBeiedl nYelssiitin 0 K I
twice this amount of time: withim pn 6SS1 a3z 2NJ TAGS yydzZ f WINP
(i) that growthfollowing harvestingh & f Ay SI NJ 2@3SNJ GAYS YR G6AAD
any interspecific competitionof space, nor due to the spread of asive species e.g. thistle

spp. A repeat survey is recommended after five annual growing seasons (March 2021) to

test that these assumptions hold trueA faster recovery rate was achieved when patting

back the holesmmediately following harvesting, as per the best practice guidance; as
opposed to leaving open spaces (holes) in the hummadtkivest frequency could increase

(more than once every five yearsiéather following harvest is warm and wet.

This pilot studyalso indicatesthat harvestingSphagnumat a 10 % ratgroduces similar
outcomes to o intervention (control) ovethree annual growing seasonSphagnumwas
present in all quadrat grid squares after the recovery period (T1, T2 and control). Whilst
there was an observed reduction in the number of capitula in the control quadrats over the
study period, partial recovery was observed following harvesting, indicating growth.



1. Introduction

The projectsupports SSSI favourable condition by monitoring the recovengpiiagnum

following harvesting from donor sites for translocatigkccordingto an advisor at Natural
England Efion Jonesthe ultimate aim forSphagnunrestoration works on areas of open
moor, where a background level ddphagnumis absent or critally low, is to get

W dzY Y 2f@niiy specieSback on to the open moor.Hummockforming species have
greater water holding capacithan carpetforming speciesand are more resistant to low
water and pH levels (Carroll et al. 2009).

Sphagnunrestoration works are essential to 4muiild the peat on the moors, towards a
sustanable blanket bog habitatRe-introduction of Sphagnuncan halt the loss of erosion

of peat on the moors and in turn the loss of carbon to the atmosphere. This is important in
the context of climate changen the Peak District alone, 20 million tonnet aarbon is
stored in the pea(Moors for theFuture Partnershipwebsite). Sphagnunrestoration works

also importantlycreate a wetter environment on the moors whichlsneficial for water
quality, reducing flood risk artthe risk of wildfires

The purpose of this project is tocrease knowledge of the recovery &phagnum
hummocks following harvestingFirstly, this pilot project aims to evidence whether
hummock forming species recover from a%tharvesting rate.

A suite of different method$iave been trialled folSphagnumgrowth monitoring in the
literature:

Height growth measurementsjsing (i) cranked wires (Clymo, 1970), and (ii) an adaptation
of the crank wire technique, using aluminium rod pugheell into the Sphagnumcarpet
(Buxton et al., 1996), which proved more reliable thha 1970s method. Dorrepaé2005)

used afurther modification of the crankvire method (iii) straight stainless wires with a ring

of short bristles at the lower end were inserted ca. 10 cm into §phagnumcarpet. A
disadvantage of wires used for height growth measurements is that it is not possible to
control for possible movements due to freezing and thawing when wires are left in place
during the winter (Dorrepaal E., 2005)An advantage of th method is that it is non
destructive.

Capitulum masgmg per mmstem length) was sampled by Robson et al. (2003), alongside
density and height growttmeasurements. Wilst the bulk density values provided by
w2o0azy SO0 Ffd ovHnnolv AYLRZNIIyGfte NBJSIESR
recovery ofSphagnumnin terms of height growth betrays the fact this regrowth is often less
RSyasS GKIy (KS eiméthddsh lséd fok lasNgdstng @apitlilumi riass
destructive to the site and @re not deemedoossible to adapt for the sensitive site chosen

for the NESD pilot study.

! Hummock forming species inclu@e capillifoliun(*); S. subnitensS. paillosum(*); S. palustreS.medium(formerly
magellanicum (*) (BBS, 2019)

Carpet forming species inclu& capillifoliun{*); S. fallaxS. cuspidatunS. fimbriatum S. tenellumS. denticulatum
* An important peatforming specie¢FSC,2012)



Capitulum density(stems per M) was measured nowdestructively by Smolderst al. (2001)
and by Robson et al. (2003) Smolders et al. (2001) counted the number $phagnum
capitula in a 120 x 120 mm area and six randomly assigned counts per plot wereataken
the beginning and the end of the field season

Biomass and biomagzoduction (g per nf): Buxton et al. (1996) measured recovery after
harvesting by weightwhere (i) samples were divided in®phagnumand litter fractions,
oven dried at 80°C and then weigh#al obtain dry massThe researchers reported that
Sphagnumyield in reharvested plots was significantly less than initial biomags). To
calculate biomass increase per stem, Robson et al. (2@d3)veda random sample of 14
Sphagnuntapitula from each plot. Samples were oven dried at 65°C for at T@ak and
subsequently weighed. Again, this method is destructive to the site.

Area measurementsRydin (1993) reciprocally transplanted patches of ti@immock
speciesS. fuscunmand the hollow specieS. balticumand S. tenellumin a longterm study

(up to 11 years); species interactions were monitored by measuring the area covered by
each species. Smolders et al. (200dgasured the diameter of 25 randomly selected
capitula, the density of the capitula, by counting the numbecapitula for a surface of 10 x

10 cm (in triplicate) and the length of the branches at 2 cm below the capitulum, for 30
Sphagnunplants at the end of théaboratoryexperiment Smolders et al. plotted increase

of surface areat x weeks, expressed as angentage of the value at 0 weeks

Volumetric density of capitulégg per dni) was calculated from height growth, density, and
biomass data (Robson et al. 2003Calculatingzolumetric density of capitula traditionally
relies on biomass data, which is destructive to the site.



2. Approach and Methodology

Il adzZAdFo6fS aAAGST w20 A Ynied Yiidties /RSP B fogthisitriak RSy { 7
This site has extensivareas of Sphagnumpalustre,a hummockforming species that is

found in sites that are moderately enriched with nutrients, for example wet woodland,
ditches, stream margins and flush@therton et al, 2010. The site is located in the Peak

District, approxmately6 km north of Glossog={gure 1& A walkover survey of the site was
undertaken on 1% November 2015 to identify the extent of hummeftkrming Sphagnum

patches. The survey confirmed that there werughlarge patche®f Sphagnunto install

20 quadrats at this site.
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Best practie guidelines recommend pattingphagnumdown following harvesting (Hanley,
2014), however this may impact monitoring by photogrammetfwenty 1 x 1 m quadrats
were set upbetween 17" and 3F' March 2016 In five quadras ten handfuls oBphagnum
were harvested evenly across the quadrat and Ewagnumaround thehole was patted
back together(treatment 1) as per the best practice guidelines. In ten quadra¢s
handfuls ofSphagnunwere harvested evenly across the quadrat and fdagnumaround
the hole was not patted back togethertreatment 2) In five quadrats né&Gphagnunmwas
harvested andhese quadrats provid#a control. All quadratswere set up on vegetation
dominated bySphagnunpalustre

In light of the limitationsof the methodologies presented above from the literatutbe
monitoring methods we consided for the pilot studywere those that are nordestructive
to assure only minimal damage to the site: a combination cafpitulum density
measurements and area measurement8 third methodology \as developed specifically
for this pilot project fixed point photography and closange photogrammetry, whicivas
used in preference to the traditional volumetric measurements.

Quadrats were subdivided into 100 squanesing a metal grid laid over the quadrat which
served as a guider harvesting 10 % (10 squares). Numbering the grid sop@sarel that
the harvesting locatiorouldbe accuratelydentified n subsequent sueys The southwest
and north-east corners of the quadratere marked with one flat head andne raised head
ground marker. Each grid square was numbered frontol100 (starting at the top/north
west corner, readindgft to right, finishing at thesouth-east corner)

2.1. Field measurements

A vegetation survey was carried out for each quadbmfore harvesting in 2016this
recorded the percentage cover and dominant species for the following four vegetation
categories: dwarf shrub, cotton grass, other grasaed bryophytes. The approximate
distance to the nearest standing watems also noted The vegetation survey was repeated

in the NovembeiDecember 2018 survey.

The measurementscluded capitulum densitgounts i.e. for each quadrat the number of
Sphagnuncapitula in ten 10 x 10 crgyrid squares was countedSphagnuncapitula were
counted, rather than the stems. As well as this being the easiest method in situ, it also
allowed for multiple capitula per stem to be counted where there wase thanone per

stem. These measures were takéefore harvestingn March 2016 and again in November
December 2018.This time allowed fothree maingrowing seasonsutside of the winter
months (2016, 2017 and 2018Krebs(2016)reviewed the literatureregardng the growth

of Sphagnum He concluded thaBphagnumgrowth variesduring the year;tiis fastest in

wet and humid seasons, starts at temperatures above freezing and increases with
temperature (testedup to 30 degree<Celsiu¥. In addition,Carroll et & (2009) concluded
after reviewing the literature that a high and stable water table was an essential
requirement for successfubphagnunregeneration, but most of the work carried out has
been on raised bogs at lower altitude. Howev€arroll also notéd that there is some



indication that at high altitude, under conditions of high humidity and rainfall, this condition
may not always need to be met.

In the March 2016 count, theen grid squaresvere splitinto quarters andthe number of
capitula in aguarter of the squarewasmultiplied by 4 to estimate the fulingle gridsquare
count. This ensured that the survey could be completed in the time available in theageld
there was ahigh density of capitula per 10 x 10 cm square. In the Novembe 20dvey
time allowed fora full count of each squar® be undertaken which was important whilst
the capitulawere found to beless evenly distributed agss the square podtarvesting and
whilst there appeared to be fewer capitula to count in the repsatvey.

Length (NorthSouth), width (EastVest), and depth of the hole were measured following
harvesting. Some of the earlier harvested gdeats on 18th April were measured in either
orientation however,until a firm rule wasestablished The depth othe hole was measured
from the height of the surrounding/neighbourir§phagnuncapitula.

2.2. Photogrammetry

Conventional photogrammetry uses precise knowledge of the 3D location and pose of
cameras, or the 3D location of a set of control points locatechen gcene of interest, to
reconstruct scene geometry (Smith et al., 2015). Conventional photogrammetry is the
closest existing technique to Structure from Motion with Miiew Stereo (STMMVS)
(Smith et al., 2015); this is the technique thweds intendedo be usedfor the project. A 3D
topographic surveywas conducted using Structure from Motion (SfMA series of
photographs (280) was taken of each quadrat before harvesting and after harvesting
(photogrammetry), as well as onéloseupQand one‘dveriewQphotograph per quadrat
(fixed point photography). This number of photographs is crucial to guarantee enough
image overlap across the dataset (M. Smith, personal communications, 17 December 2015).
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Figure2: Interior shooting scenaridtaken from Agisoft Metashape User Manual, Standard Edition, Version 1.5)

Four ground control points (GCRsgre located in the four corners of the quadrat. The
southreast and northwest corners of the quadratvere marked with wooden sties,



installed at different heights. Thgaveadditional height reference points for the purpose of
photogrammetry The stakes wergemoved once photographsiad been taken. A
differential Global Positioning System (dGR&¥used to record the x, y anzl coordinates

of each GCP. Photographswere due to beprocessed using the Agisoft Photoscan
(http://www.agisoft.com/) software package. Processing of images includes the following
main steps:

 Feature detection- fel (0 dzZNB a 06 2 Nih éathSiRadg#® dre/ identiied and
assigned a unique identifier

1 Keypoint Correspondencecorrespondences between keypointsrirultiple images
are identified

1 Keypoint Filteringg a filter is applkd to remove erroneous matches

1 Structurefrom-Motion ¢ the camera position and orientation for each photo are
estimated and a sparse, unscaled 3D poiaudlin arbitrary units is built

1 Scaling and Georeferencingthe model is referenced using real world coordinates
of at least three gound control points, cam@& coordinates, or both

1 Multi-View Stereo ¢ following the input of ground control coordinates the
Structurefrom-Motion stage can be reun to improve image alignment

1 Georeferenced Dense Point ClougAlgorithms are applied to thgeoreferenced
sparse dense cloud to create a dense point clfsimith et al., 2015)

It is then possible to extract thredgimensional information from the point cloud, for
example topography or volumes.

The series ophotographsfor photogrammetry thatwere taken during the baseline survey
were due to be processed using the Agisoft Photoqbdip://www.agisoft.com/) software
packageto create athree-dimensionaltopographic model, from whiclthree-dimensional
information could be extracted e.g. topography or volumeslIt was hoped that his
applicationcould be used to measure the volume of the hole created by the removal of
Sphagnumand to monitor recovery over timeHowever, the collection of photographs
caused gnificant trampling around each quadrat and for that reagpttogrammetrywas

not repeated in future surveydherefore we did not process the baseline survey series of
photographs Moors for the Future had hoped instead to collect the photographs uaing
Unmanned Aerial Vehicle (UAV) but due to technical issues and land owner permission this
was also not possible.
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3. Results

3.1. Sphagnuntapiula density counts

In March 2016, before harvesting took pla@phagnuntapitula were counted in a total of

200 grid squares (in 10 squares per quadrat across 20 quadrats). Four quadrats were not
located in the repeat survey in November 2018, therefore the full dataset represents 160
grid squares. One grid square was exetlidrom the analysis due to the presence of
standing water in the square, where capitula could not be counted under the water,
therefore there are 159 paired data points in the analysed data set: before harvesting at
week 0 and at 137 141 weeks after hatesting, split further by quadrat type: treatment 1

(T1), treatment 2 (T2) and control.

A ShapireWilk test was used to test theonmality of the differences between paim this
Wo ST 2NB Q tudy(rRimbér ofsfh&ghiRtapitulabefore harvestingaind at 137 - 141
weeksafter harvesting. The differences between pairs of databoth the control and T1
datasetswere found to be normally distributed ¢®/ test(40) = 0.968, p > 0.Gthd SW
test(50) = 0.985, p > 0.05, respectiyelyThe T2 dataset however, was not normally
distributed (SW test(69) = 0.920, p < 0.005).

A paired ttest wasusedto assesshe change in capitalcounts for control andr'1quadrats
and the RelatedsamplesWilcoxon signedrank testwas used to assess tHE2 quadrats,
which is the norparametric equivalent of the paired sampletest.
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Figure 3: Box plots to show change in capitula counts for the three quadrat types before harvesting at week 0 and
following a period of recovery137-141 weeks after harvesting



T1 quadrat grid squares

T1 quadrats contained significantly fewer capitula in 2018 comparedthatipre-harvesting
count in2016 (Paired ttest(49)= 8.7, p < 0.0005with -41 capitula per square, where n =

50 (Figure3d). The average count before harvesting in the T1 squares was 110 capitula.
There was a meanecovery of64 % towards the originatapitula countFigure 4).

T2 quadrat grid squares

A Wilcoxon signedank test indicatedthat the T2 quadrats containedignificanty fewer
capitula in 2018 compared with the pfearvesting count irR016(Z =-7.02, P < 0.005with

-67 capitula per square, where n = 69 (Figure 3). The average count before harvesting T2
squares was 123 capituldhere was a mearecoveryof 50 % of the originatapitula count

half way towards a full recovery (Figure 4).

Control quadrat grid squares

Control quadrats contained significantly fewer capitula in 2018 compared with @difed
t-test(39) = 7.5, p < 0.0005), with/2 capitulaper square, where n = 4(Figure 3) The

average countn week 0 of the studyas 129 capitula.There was a 44 ¥eductionin the

mean number of capitula per grid square ovtiee study recoveryeriod, which equates to
56 % of the original count (Figu4é.
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10% -

Mean percentage recovery towards original capitula count

-10% - Control T1 T2
Quadrat type
Figure4 : Bar chart to showmeanpercentage recovery of capitula for the three quadrat types, after a period of recovery

at 137141 weeks following harvesting (T1 and T2) and for the same time period with no intervention (Control)
Standard deviation error bars.



3.2. Hole measurements

The epeat surveyat 137 - 141 weeksin November 2018revealedthat 94 % (47 of 50) of

the T1 grid squares and 99 % (68 of 69) of the T2 holes were no longer present following the
recovery and growth of vegetationWater was present in one of the T1 holes, the
surveyor could not ascertain whether there were any capitula growing underneath the
water. No holes had formed in the control grid squares by the time of the repeat survey.

Sphagnumcapitula were present in 100 % of the grid squairesll three quadrat types
There were only four grid squares with a holeemaining after the period of recovery
following Sphagnumharvesting(table 1) In all cases the remaining holes wemetably
smaller than the original hole left behind at the #nof harvesting and before patting back
took place at week 0

Quadrat and Volume of hole (cr) Volume of hole (cr)
grid square 1D immediately after after a period of recovery
harvesting at 0 weeks at 137-141 weeks
T1 Q257 1452 180
T1 Q44 1694 75
T1 Q4 1229 16
T2 Q10 990 30

Tablel: Volume of the hole left after harvesting immediately after harvesting at O weeks and after a period of recovery
at 137141 weeks, where a hole was present at the time of the repeatvey

3.3. Vegetationcoverchanges

Bryophytepercentage cover was high in all three quadrat types before harvesting (between
90- 100 %). The cimge in percentage cover fro@to 137- 141 weeksfollowing a 10 %
harvesting rateranged between5 and +10 % for the control quadrats (n =-4)) and +10

% for the T1 quadrats (n = 5) and betwed@ and 0 %, for the T2 quadrats (n = The
dominant bryophyte species before harvesting vilahagnum palustreand this was still the
case after the period of recovery.

A ShapireWilk testwas used to test the armality of the differences betweebryophyte
datapairsAy U KA & W06 ST 2 Nie@entagg Bovedf Brypghiidat G aid@zR & 6
141 weekdollowing harvesting).As the sample size (quadrat number) was small, T1 (n = 5)
and T2 (n = 7) quadrats were grouped together to increase the power of the Tibet



differences between pairs of data wereund to be normally distributed (®/ test(12) =
0.879, p > 0.05).

A paired ttest was usedto assesswvhether thesechange between percentage coveof
bryophyte at 0 and 137 - 141 weeksfollowing harvestingwere statistically significant
Again,T1and T2 data were grouped togetheto increase the power of the testThe test
confirmed that therewas no significantdifference betweenbryophyte percentage cover
before and after harvestingnjth/ without patting back the holejPaired ttest(11)= 1.8 p =
0.094) This result ian indicator of Sphagnumrecovery assumingthat the bryophyte
speciescomposition did not change.The dominant bryophyte species before harvesting
wasSphagnum palustrgnd this was still the case after the period of recovery.

All four control quadratscontained a high bryophyte percentage co\@f ¢ 100 %) after
the same period of time (137 141 weeks)indicating no change in percentage cover from
the original percentage cover at week 0. Hagnple size was not large enoulgbweverto
perform statistical analysi® be able to check the significance of this observation.

3.4. Fixed point photography

Tables 1, 2 and 3 displajoseup photographs for all 20 quadrats: immediately following
harvestingat O - 2 weeks(March 2016);at 36 - 38 weeks, following period of ecovery
(December 2016)86 - 88 weeksafter a secondperiod of recoveryfDecember 2017)andat
137- 141 weeksafter a third period of recoverfNovember December 2018)

In 2016 the repeat surveyor noted that generally the vegetation and specifically the
Sphagnumlooked to be in good condition. h&re were a couple of indentations in the
SphagnunK dzY Y2 Ol AY ljdzr RNI 0 We¢H vmnQ

In the 2017 survey the vegetation afghagnun continued to look to be in good condition.

The indentations in th&phagnunK dzY' Y2 O1 A Y | dzI dRiiNdppeareéd ¢ind the mn Q K
hummockcoveredthe majority of the quadraty dzt RN} & W¢m voQ ¢l a yz2a8
of indentations. One of the quadraté¢ H vy Q ¢l a y20 20 GSR | a
significantly, covering the ground marker. Indentations were seen to occur generally in
patches ofSphagnuracross the site.

In the 2018 survey the vegetation afghhagnuntontinuedto look to be in good conditian

'y FTRRAGAZ2Y I GKNBS ljdzr RN GaY We¢HvVvCcQY WECHVTC
has grown significantly, covering the ground markers. A metal detector was used in an
attempt to locate the ground markers but ¢hterrain/vegetation mosaic caused false

positives.



Table2: Fixedpoint photographyof NESD Treatment 1 quadrats (téwandfuls ofSphagnumwas harvested evenly across the quadrat and the helas patted back together)at 0¢ 2

weeks(immediately following harvesting, before patting backand after a period of recovery &6 ¢ 38, 88¢ 90 and 137 141 weeks

T1
Quadrat
ID

Closeup photographat 0-2 weeks,
immediately following harvesting,
before patting back the holes

T1Q1

T1Q2

Repeat survey: closep photograph
at 36¢ 38 weeks(December 2016)

Repeat survey: closap

photograph at 88- 90 weeks

(December 2017)

Repeat survey: closap
photograph at137¢ 141 weeks
(Novemberg December 2018)





































