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Introduction to the EN/$WT Peatland Restoration Workshop on 
Monitoring, Workington, 1994 

Dr Brian Johnson, Chair 

Over the past 5 years we have witnessed changing attitudes from planners. central government and peat 
exuaction companies towards thc consendon and after-use of peatland sites, particularl? raised mires. 
This has led to the increased availability of sites throughout the UK for rehabilitation by nature conservation 
bodies from both the statutory and voluntar). sectors. 1 am pleased to welcome representatives from Scotland. 
England and Wales and Northern Ireland to ~s workshop where we will explore thc issue of monitoring the 
conservation efforl being made by your organisations on n l s e d  bogs In a variety of dfferent localities. It is 
parltcularly pleasing to see so nmn? site managers here, as you are the p p l e  who have to carry out the often 
arduous and repetitive tasks associated with monitoring. 

Monitoring has had a notoriously chequered history. I am sure that wc all have ando tes  ofthe collection of 
huge data sets whch are desttned to do notlung but insulate the walls of some long-foargottcn office! 
Management plans almost always conlain provisions for monitoring, but in my experience not all of them 
cater for the analysis and use of thc resulr~. lf we achwe notlung else in this event, I would like to think that 
all of us will leave resolved ncver a w n  to collect data whch is not relevant and will never be used 

Can I also make a plea that we do not become entangled in dEbates aboui the ddkrences between monitoring 
and research? To my mind there is no clear distinctidn, although some would have us believe othenvise. 
Much fundamentd research depends on r e p t e d  survey and observation, and I would hope that, when the 
opportuniQ arises, we can design monitoring schemes whch add to our knowledge of how natural systems 
work. Research and monitoring are complementary and closely related activities. 

As natural site managers. 1 believe that we should monitor sites for two main, and reIateQ reasons: 

To provide feedback on the effects of management so that we can change operations if necessary. We all 
rmgnise that rehabilitation of bogs is a pioneering and inexact science; some would say an art. Careful 
and focused monitoring wiii tell us whether w e ' m  succeeding and perhaps more importantly, whj . 

To show our sponsors. those who pratide the resources for rehabilitation, that they are getting good 
value for money. both in t e r n  of wildlife value and also effective and eficient management. 
Monitoring management practices &ed out on sites is, in my vim, a vital part of ttus exercise and 
one so often neglected 

Wc have a wide-rangmg 'formal' programme arranged for you including a p re l imiw paper on the review 
of monitoring on raised mires commissioned by English Nature, but I hope that this workshop will develop 
into a participaton went. Your contributions are essentml if we are to leave here with a Wer idea of what 
makes a good monitoring programme. We have a unique gathering of expertise in this room and I am sure 
that during the next two days we will identie and document best practice, SD that others outside this 
workshop can benefit h m  plblication of the prweabngs. 



Summary o f  the Monitoring Review 

SUC Shaw. Environmcnlal Consultancy. Universie of Shefield 

Work to restore water tables to regenerate bog vegetation on cut-over lowland bogs has becn in progress on a 
number of peatland NNRs since the early 1980's. A good base of knowledge relating to management 
techniques exists, but there is considerably less information about monitoring techniques and little 
understandtng of how effective restoration work has been. Large area5 of damaged bog will require 
restoration management within the next few years, and effective monitoring of thts work will be required to 
measure the effects of such management and to proLide evidence of value for money. The Environmental 
Consultancy, University of Sheffield (ECUS) were commissioned by English Nature to carry out a review 
and evaluation of current monitoring practices and from this to prescrik key elenients to be included in 
future monitoring programmes. 

The project involved visits to and collation of information for 9 lowland peatland "Rc: Blawhorn Moss. 
Cors Caron. Cors Fochno. Fenns & Whishail Mosses. Flanders Moss. Glasson Moss. Shapwick Heath, 
Thorne Moors. Wedholme Flow Information was also obtained for Astely Moss. Holcroft Moss and 
Roudsea Moss. 

Part I of the report considers aspects of monitoring currently being carried out at these sites and provides 
s u m ~  details of methods and costs. The principal factors being monitored are water levels and 
vegetation and to a lesser degree. invertebrates and birds, The most common general problems encountered 
were identified. In most cases, the monitoring projects carrid out have developed over time. often in 
response to opportunity (for example. availability of fundtng or personnel with speclfc interests) rather than 
with overall planning of an integrated monitoring strategy. In general, the aims of the monitoring are not 
sct down clearly. other than perhaps simply PO monitor species populations in general. or to assess responses 
of various factors to site management. 

Monitoring is carried out on different sites far a varieh of reasons, whch can go much wider than sirnpl! 
measuring the effects or effectiveness of managcment measures. These can be grouped into 3 main 
categories: (i) directly or (ii) indmctly related to management and (iii) for public liaison purpox5. 

Four main levels of approach to "monitoring" are currently taken: (i) na monitoring (but possibly collation of 
observations and records): (ii) provision of superficial data to give broad indcation of change (e.g. general 
photographs: "Phase I" tyjx habitat surveys,); (iii) intensive. but infrequent monitoring: detailed m ~ r n u m  
information-typc survey ( e . g .  for invertebrates). which is repeated at infrequent intervals: (iv) a focus on 
more spocific management practices, subareas (types of peat cutting etc.). Typs (ii) and (iii) can provide 
evidence of the long-term effects of a gven management regime. but are unllkely to gwe sufKcient 
infarmation to measure the effectiveness of management. and to provide adequate feedback so that 
appropriate action can be taken as required For thts. tspe (iv) monitoring is required. 

A large \&eh of methds and techniques were identifjd in use in various monitoring p r o j m  an the 
lowland peatland reserves visited. In many cases the approaches and Whmques are similar, allhough there 
arc cl&e~nces in the implementation. Data analysis, together with any assessment and revlmv of the 
monitoring projects are at best patchy and sametimes non-existent. Ths may sometimes be atuibutablc to 
lack of time or resources, but is also the result of the lack of clearly-ed projects. with specific objectives 
and targets. However. in many sltes projects relating to restoration management have only been set up 
relatively m n t l y ,  with liule opportuniry for data analysis and assessment of results (although often with no 
clcar i c h  of how tlus nzll be done). 

Part I1 of the report addresses some of the problcrns identified above. suggesting key elements and factors in 
a stratea for monitoring lhc progress and costeffectiveness of restontion m g e m c n t .  Different 
approaches to and reasons for momtoring of restoration management work arc considered. and k q  elements 
for the development of a monitoring s t ra teg  are outlined and cfiscussed. 
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An ideal monitoring stratep fulfils the folloning criteria: the approach must be practical and cosl-effectivc: 
projem should be as carefull!- circumscribed at the outset as possible. with specific aims. largets. criteria for 
significance. reporting schedules etc.: the ~verall strateg! should aim to tie as much information together as 
possible. for example. water level and vegetation monitoring at same locations: the strategy should facilitate 
inter-state cornpansons: all projects should be regularly reviewed and modified (of terminated) as 
appropriate. 

There are 9 key elements to any monitoring programnic deviscd to assess the impacts of management: 
planning ; setting a baseline: setting monitoring objectives and targets; methwk for data collection: data 
storage: data preparation and analysis: interpretation and rmiew; feedback for management: dissemination 
of information. It  is important that thesc are secn as part of thc whole monitoring project, so that the project 
is followed through to its conclusion. and cffon is not wasted. 

The report attempts to give guidelines on 01c key factors to he monitored - it is not possible to be cntirely 
prescriptive. as the optimum stratcg?r will be site-dcpendcnt. In view of thc long time-scales over whlch 
restoration is likely to OCCUT. i t  is important that a series of targets is identificd so that progress towards the 
goal can bc assessed and any appropriate adjustments to managenient operations etc. k made as necessary. 
In general. for thc management operations considered in this report. the most irnmedtate rcspnse is likel!. to 
be hvdrological. followed by biological changes and ultimately regeneration of p t  growth. It is therefore 
considered that the key factors to monitor for restoration management are hydrology and vegetation, 
although it is also desirable to monitor effects on invertebrates and birds, especially ppulations of any 
conservationally-valuable species. When detailed monitoring schcmes are impractical, it should be possiblc 
to monitor simple key factors. for esample. whether water levels arc respndmg to management. 
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Some thoughts on monitoring raised mire hydrology 

Oli\in Bragg 
Department of Biological Sciences. The Universit?.. Dun& DDl 4HN 

1. Introduction 

Thc unique vegetation of rain-fcd mire 3-stems is generally associated with high water tables. Management 
objectives for a degrdded site may includc a statement o f  the desired range of water table. fluctuations. for 
emmple: 

'Y raised mire should hmw n water t ahk  nt or no less than 5 cni helow the .wrfucPfor 
as long OS possible during the year 10 nllonr.for the active growth ofSphagnum mosses" 

Whether or not a target has been set in tkis way, it is becoming common practice to monitor thc movements 
of the water table at managed sites with the intention of using the results in some way to assess achievement 
in improving the site's hydrological regime. 

This paper will cover briefly some points arising from studes of the behaviour of the watcr table in more or 
less intact mire systems which might usefully be applied in refining management objectives, in designing 
effective and economical monitoring programmes. and in evaluating the resulting data. 

2. Behaviour of the water table in raised mires 

The position of the water table reflects the amount of.water stored in the system (but the quantitative 
relationship is complex: see Ingram 1992, Fig. 5). Water is supplied as rairhll and lost in two ways: some 
of it seeps through the bog until it leaves the system. and some is returned to the atmosphere as vapour. by 
evaptmmpiration. When it rains. the rate of supply temporarily outstrips losses and the water table rises. 
Conversely- as evapotranspiration and seepage continue between rainfall events. the water table retreats from 
thc surface. 

Fig. 1 shows continuous water table data obtained from a single float recorder at the centre of a raised mire 
in Wales during two fulI calendar years. 1987 and 1992. In 1987 the position af the water table varied over 
a vertical range of 15 m. wlulst in 1992 it fluctuated @ 32 crn. Between these two vears. some drains on 
the site were dammed. Do the warer table data indlcate a negative management rcsult? 

We can exmct from these m r d s  an account of the t ime spent @ the water table u i h n  each 1 cm layer of 
the acrotelm during each year. These data are shown as water table w e n q  curves in Fig. 2. The pealCS of 
the two w e s  coincidc almost exactly, but the 1992 -bution has a long lower tail correspondtng to c l q  
spells with high aapolranspiratjon between May and August. In fact. the time during which the water a l e  
was w i h  5 cm of the top of its range was almost emctly the Same (around 70%) in both years. the 
dif€erences between the records arising almost entirelv from dif€erences in summer weather. 

The relationshp between the upper limit of water table fluctuations and the mire surface will depend upon 
the situation of the recorder. When the water table is closest to the surface. it tends to be at the Same level 
beneath adjacent hummocks and hollows, whereas surface altitude may m e r  by 20-50 cm between 
microfonns. Thus, a water table regme which would satis@ the above management criterion if monitored in 
a hollow would appear unsawfactoy if the recorder was sited on a hummwk (for ewmple. see Ingram & 
Brag  1984. Fig. 7). 
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Fig. 2: Water table frequency curves constructed from the data  shown in Fig. 1. These curves 
indicate the  fraction of the year when the water tabIe was within each 1 cm horizontal layer 
of the acrotelrn. 
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I t  is suggested that. for nionitoring purposes. thc most w f u l  feature of the water table record is thc width of 
the pcah of the water table frequenq hstribution. For an intact site. this has h n  shown to be reproduciblc 
in consecutive years. Moreover. it can be related to the structure of the acrotelm. and in particular to the 
layer within which the water tablc fluctuations are confined when seepage (rather than wapotranspirarion) 
dominates the water balance. It also indicates the range of water table conditions occurring during the 
growth period of Sphupnum. which is curtailed during dry weather since tlic plants dp out as the water Ublc 
retrcats from thc mire surfacc. 

Although iniportanl in dcftrung the depth of the acrotehn and significant to Sphagnunr ecolog~. , the degree 
and duration of summer drawdown vanes from year to year and 1s acccssible only as vaganes of weather 
allou. so that this is generally rather less useful where rcsults are required within periods stipulated b\ 
financial budgetlng timetables 

3. Xnstruments 

Considerable capital outlay is necessan 10 achiwe continuous water table records. An approach to thc samc 
information may be achieved using simpler and cheaper eqwprnent. Records from maximum-minimum 
recordcrs (WALRAGs) read at different time intervals are shown in Fig. 3: the limits of the water table 
frequency peak were indmted wen when readmgs could be made on only two occasions (spring and 
autunm) during the year. If automatic records arc not practical. manual &pwell readmgs timed to coincide 
with exTremes of weather might yield almost comparable information. 

4. Datum levels 

The most accessible datum for water table readmgs Is the mire surfacc. Non-automatic data  an be related 
dmctly to this datum at each readng. Where automatic instnunents are used a degree of uncertainty is 
introduced unless the instrument can be anchored so tlut its position relative to the mire surface remains 
fixed throughout the recordmg period 

If this option is chosen. the data can bc interprcted to indmte exactly how long tlie watcr table spends 
within defined distances of the surfam. and thus yield very accurate information on the water table regime 
exprienced b\. the vegetation at that point. However. the data strictly apply only to the immediate vicinity 
of the instrument. If results from more than one instrument arc to be used to construct profiles of the water 
table. an estimate of any difference between xnstrunient locations in the range of seasonal movements of thc 
mire &ace (Mooratmung) will also bc required. 

Where absolute water table altitudes are required (e.g. to mXlStmct profiles or to calibrate a model of the 
whole system). the alternative approach of anchoring each instrument to a stable datum 
post dnven through the full depth of peat into the underlying mineral ground should be considered. 

attachmg it to a 

The latter approach might be preferable where long-term data collection is envisaged simply because of the 
sensitivih of the mire surface to &sturbmce. Local compression of the surface resulting from repeated visits 
to the instrument should not significantlp influence wholesite hydralop and thus the general character of 
the water table regme. but data related to a local surface datum might indicate significant changes in water 
IFVCJ under these circumstances. 

If the mire systcrn is stable. the annual water budget should bc neuual. total supply being exactly balanced 
losscs. If the mire is growing. its storage capacie will increase very graduall?-. the upper limit of water table 
fluctuations rising by a small amount each year. Conversely. if the mire has k n  & s t u M  so that water 
losscs are enhanced the annual water budget m a y  be negative so that maximum storage declines from year 
to vear. Monitoring of changes of these t y x s  would reqwre reference to stable datum levels. 
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Fig. 3: Data from W O  m a u m - m i n i m u m  water table recorders (WALRAGs) read at 
different frequencies. Upper d i a p m :  r ead ing  a t  i n t ends  of approxhnatel)' 2 weeks. Lower 
diagram: readings at irregular intervals, reducing to two visits per year. Joined symbols indicate 
water levels at times of visits; horizontal lines indicate maximum and minimum water levels 
occurring benxleen consecurive visits. Data for lower diagram by cour~esy of P.D. I-lulme. 
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Thus. the most important initial dcsign decisions for water table monitoring stations may not involve 
choosing between e l m o n i c  loggers. maximum-minimum recorders and hpwells. but lie i n  thc choice of 
datum level. The appropriate choice should. bowcver. be ohious oncc monitoring objectives have been 
defined and therc remains niuch scope for inventive combination of the hvo approaches. 
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Monitoring Cutover Bogs 

Dave Butcher. University of Huddersfield 

1. Overview 

The restoration of watertables with a view to the regeneration of bog vegetation on cuut-over lowland mires 
has been in progress on a number of peatrand mires since the 1980's. The restoration process has involved 
damming and bundmg: hydrological monitoring has been carried out to assess thc effectiveness of these 
works. usually through water tablc monitoring using cfipwells. 

The collection of dipwell data is an ex*emely time-consuming task and sigrufmnt efforts have been made at 
all of the sites discussed. A variety of methodologes and techniques have been utilised to monitor water 
table risc, although the use of some form of bpwell is most common. The location of the instrumentation 
the frequenq of readmg and the data analysis have been hghlg variable. The analysis of the trends from the 
dipwell recordngs in particular is often incomplete, frequently because of the data storage rnedmn-. 
Furthermore the relationshp ktween the restoration and the monitoring programme is rarely based on any 
procedures normally associated with good exprirnental design. As a result of the lack of scientific control it 
is extremely difficult to evaluate the effectiveness of the restoration work other than in very general terms. 

A methodology for hpwell location and data recardmg is discussed and an example of good practice at 
Wedholme is described Whilst the original specification for the work did not demand an analysis of the 
data it proved necessaq to analyse the results in some detail in order to evaluate the effectiveness of the 
monitoring programme. The results are described and the t y p  of anaiysis appropriate to the data are 
carried out for the sites where data are available. 

2. Conclusions and recommendations 

I Ground Water Mound thcoy as a basis for restoration is only of value in very general terms: the 
pracbcal realities demand a more pragmatic solution. The Crcation of a substantive ground water 
mound is an unattainable goal for most cut-over mires. Furthermore a ground water mound may 
not be appropriate to satisfactory regeneration on the site. It m y  well be that the creation of surfacc 
water is appropriatc to the regeneration of the desired species 

2 

3 

4 

Water tables in cut-over mires are rapidly restored to levels approachtng those of primarq. bog by 
blrxking the free passage of rainwater away from the site in question. The range of vaiucs 
e w r i e n d  ly cut-over p a t  is considerably reduced and a transition period of as little as one year 
may be e.qxricnced between hvdrological condrtions More and after restorative activities. 

The benefits of the use oftransects to monitor the behawour of groundwater is dependent on the 
purpose of the monitoring programme. Where the principl aim is to monitor change. rather than 
illustrate the difference in behaviour between 2 homogenous peat area a stratified sampling 
p r o m m e  of &pwell installation &signed to provide a suf€icient number of replicates of each type 
of site condrtion may bc mare appropriate. 

Whde it is apparent that change in water table depth is rapid, and stable conditions can bc achieved 
in a relatively short perid long term monitoring of site khaviour is mential if genuine change is 
to be i d e n ~ c d  rather than transitory fluctuation in local conchtions. Wedholme flow data suggests 
that 5 vears would generate the minimum of useful data with the first 3 years covering ground 
survcy and hpwell records of pre-restoration Candhons. and the final 2 covering site behaviour 
a t  the installacion of dams in ditches and cuttings. 
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5 Thc exact impact of the different type of dams available for d x h  blocking Is unclear. The eficac\. 
of dfferent types of darns should be monitored in ordcr to identifi the most cfficlent and 
appropriate method of achieving a reduction in water removal from a site. 

6 In order that the bchwiour of water levels in dlpwells can b more effectively equated with genuine 
and lasting change In thc nature of the mire mys tem.  nionitoring of water table levels should bc 
accompanied a corresponding period of vegetation monitoring and e.wnlimtion of the physical 
properties of the p a t  in question. 

7 The eqloitatton of mire sites has long been undertaken in a thorough and mcthodtcal way. with 
closc attention paid to the appropriate sequence of extraction and drainage at each site. Efietive 
restoration strategies demand a similarly rigours approach to mastmise the effcctivcncss of the 
considerable efforts and expense involved. 




