Long-term changes in macrophyte assemblages in UK lakes

Getting the best from historical records




Historical records
Why?

Scientific understanding

— Range & variability of community structure prior to modern
anthropogenic impacts

— Variability & trends at individual sites

Conservation & Management
— Condition assessments

— Impacts

— Remedies

Legislation
— Various targets

— Water Framework Directive:

“Good ecological status™: Ecological status identified using macrophytes must
be assessed by measuring the level of deviation from the communities
expected under “undisturbed conditions” (European Union, 2000).

Particularly useful for highly impacted sights, e.g. lowland lakes
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Historical records
What??

Modern surveys by
conservation agencies

Historical sources |
(notebooks, journal articles,
flora, books)

Herbarium specimens

140 lakes

>3000 site visits

>20000 plant observations
1798-present
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Historical records
The problems
* Recording effort

— Number of visits
— Nature of survey
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Historical records
The problems

* Recording effort
— Number of visits
— Nature of survey

e Record distribution

— Tendency for the distribution of plants to
reflect the distribution of botanists (Rich and
Woodruff, 1992)
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Historical records
The problems

e Recording effort
— Number of visits
— Nature of survey

e Record distribution

— Tendency for the distribution of plants to reflect the
distribution of botanists (Rich and Woodruff, 1992)

o Selective recording of species
— Species vs. habitat focus
— Species bias
— Flora format



e.g. Najas marina

discovered 1883 Iin
Hickling Broad (Bennett
1884)

collectors’ hotspot
(Bennett 1909)

P.pectinatus &
M.spicatum described as
dominant and abundant
(Pallis 1911)

2000 ~

1980

1980

1970

1960 -

1950 -

1940

1930

1920

1910

1900 ~

1890 -




Historical records
Analysis

Qualitative

Complement with other data, e.g.
macrofossils

Compensate for bias (e.g. no. of records
as percentage of total no. of records per
period, randomisation procedures)

Replicate historical survey
ndices of change




The Change Index

Early period Late period
Dataset | Year | Total No. No. Total No. No. Total
span | no. lakes | species | no. lakes | species | no.
records records records
Broads | 1805- | 7714 24 55 1424 37 50 2957
2006
Meres |1798- | 9838 38 88 2536 44 71 6593
2006




The Change Index

P . = proportion of early period lakes still
neing occupled by the same species in the
ate period

P 4 = proportion of modern sites occupied

mod

oy that species




Logit-transformed P,

The Change Index

Broads

Logit-transformed P,

Logit-transformed P4

Meres

Logit-transformed P,

(p<0.0001 for both broads and meres)




The Change Index

 Low Iindex score = species characterised
by decline and restricted modern
distribution

 High index score = species with large
modern distributions and either high levels
of persistence or a genuine increase in
distribution since the early period



The Change Index

e Low Iindex score species: Potamogeton
coloratus, Potamogeton praelongus,
Utricularia minor

e High Index score species: Elodea
canadensis, Lemna minor, Lemna trisulca,
Nuphar lutea, Nymphaea alba,
Potamogeton crispus, Potamogeton
pusillus, Zannichellia palustris



The Change Index

Meres index
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Broads index

(Pearson'sr = 0.656, n =42, p = 0.0001)



The Change Index

Functional group index values
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(ANOVA p=0.007 and p=0.006 for Broads and Meres)
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- -0- - Baldellia ranunculoides

—e - |Lobelia dortmanna
—@— Myriophyllum alterniflorum

Meres index group 1 species
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Index group 3 species

Index group 3 species
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The Change Index

e Pros:

— classifies species based on level of their change In
lake occupancy

— allows index allocation to species where historical
data is missing

— can utilise a variety of historical sources and yet still
ascertain which species have declined and identify
periods of more rapid decline

— more sensitive than index based on hectads, where
losses within one site within a hectad may be
obscured by persistence at other sites in hectad



The Change Index

e Cons:

— can only provide information on species
decline

— takes no account of abundance within lakes



How to identify reference conditions?

Based on present assemblages

— Link environmental variables with aquatic vegetation
(JNCC lakes classification)

— LEAFPACS

Modelling based on land use records
— (Moss, Johnes & Phillips, 1996)

Paleolimnology
— Diatoms (Bennion, Fluin & Simpson, 2004)
— Macrofossils (Ayres et al, in press)

Historical data!



Further application

Boxplot of Abundance weighted index vs Broad
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Further application
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Further application
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Further work

 Comparing to other methods, e.g.
macrofossil evidence

« Combine richness, abundance and
change index into overall index of
ecological integrity
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