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The role of palaeoecology in the management of fresh waters 

RELEVANCE TO WATER POLICY

ÅEU Water Framework Directive (ecological reference conditions)

ÅEU Habitats Directive (site condition assessments)

Assess timing, degree and nature of change in 

the plant and animal communitiesé.shifts in 

ecological structure and function

Assess conservation value of the lake e.g. 

occurrence of rare / protected species and their 

long term dynamics

Inform lake management based on a knowledge 

of past change, particularly the need for 

sediment removal and fish management

Provide information on reference conditions for 

several biological elements in lakes to act as 

restoration targets.

Macrofossils found in lake sediments



Sediment record can play an important role in 

eutrophication studies

ï record of historical changes in nutrients

ï record of biological response

ï definition of baselines 

Åecological

Åchemical

ï definition of restoration targets

Palaeolimnology, diatoms and eutrophication



Assessing eutrophication and 

reference conditions for 

Scottish freshwater lochs

using subfossil diatoms

Bennion et al., 2004

Journal of Applied Ecology



Sampling!!



Summary diatom profile of Loch Lomond North Basin

Little floristic change 

since c. 1850

But recent subtle changes 

since ~ 1950

Early warning that recent 

threshold has been 

crossed?



Diatom changes in selected 

Scottish lochs

Loch Lubnaig= No change Loch Lomond=Subtle change

Loch Earn=Major change



Diatom changes in a set of Scottish lochs (DCA)

Analysis of diatoms in ótop and bottomô samples of cores from 30 Scottish lochs



Twinspan to 

classify 

óreferenceô 

assemblages



Scores: 0 to 2
0: exactly the same
2: completely different

<0.3 significantly similar at the 1 st percentile
<0.4 significantly similar at the 2.5 th percentile
<0.5 significantly similar at the 5 th percentile
<0.6 significantly similar at the 10 th percentile 

Squared chord distance 

measures of floristic 

change

Top

Bottom
(c 1850 AD)

Site name Site code SCD

Loch Awe North AWEN 0.6575

Loch Awe South AWES 0.7395

Loch of Butterstone BUTT 0.6720

Carlingwark Loch CARL 1.0979

Castle Loch CASL 1.1471

Castle Semple Loch SEMP 1.1793

Loch Davan DAVA 0.5439

Loch Doon DOON 1.2136

Loch Earn EARN 1.6281

Loch Eck ECK 0.4138

Loch Eye EYE 0.8250

Loch of Harray HARY 0.7907

Kilbirnie Loch KILB 1.3653

Loch Kinord KINO 0.3135

Loch Leven LEVE 0.7974

Loch Lomond North LOMON 0.2199

Loch Lomond South LOMOS 0.6585

Loch of the Lowes LOWE 1.1771

Loch Lubnaig LUBN 0.2224

Loch Maree MARE 0.1291

Lake of Menteith MENT 0.9438

Mill Loch MILL 0.6831

Loch Rannoch RANN 0.2526

Loch Shiel SHIE 0.2439

Loch of Skene SKEN 0.8665

Loch Ussie USSI 0.4348



The transfer function approach
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Inferred changes in phosphorus in selected Scottish lochs



Salgado et al., JOPL, 2010

Early (pre-1850) loss of Isoetes lacustris and Lobelia dortmanna

Recent (post-1910) shift to dominance by Potamogeton and Chara taxa associated with eutrophic 

conditions; coincident with increase in organic matter (lake lowering in 1830s?)

Reconstructing changes in aquatic vegetation using macrofossils

Loch Leven study



Loch Leven remains a long way from reference state

Sediment properties would need to change in addition to nutrient 

reduction to achieve full recovery

Aim for diverse community dominated by pondweeds and charophytes 

recorded at the start of the twentieth century rather than isoetids which 

would require significant in-lake and catchment management to achieve 

and sustain

A suitable macrophyte target for Loch Leven?



Multi-indicator approach

Diatoms Cladocera  Chironomids

Aquatic plant macrofossils e.g. oospores, spines, seeds

Non -plant macrofossils e.g. fish scales, bryozoan statoblasts



Loch Monzievaird

(Perthshire)

Bennion et al (2008) Palaeoecological study of seven mesotrophic lochs. ECRC Research Report No 121.


