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Reconstruction of Total Phosphorus from Kamloops Lake baﬁé& on
Sediment Diatom Assemblages,

Roland X. Hall, Department of Biolowy, Queen's University,
Kingston, Ontario, K7L 3N6, Canada.

Introduction

Diatoms have long been known to be sensitive ecological
indicators of certain lake chemistry variables (e.g. pH,
phosphorus, nitrogen, chlorophyll a). Powerful numerical and
statigtical techniques have racently been developed for the
qgquantitative reconstruction of lakewater chemistry based on the
distributions of diatom species. Such reconstructions generally
inveolve two mathematical stages (Birks gt al., 19%0). First, the
responses of modern diatoms to contemporary lake chemistyy are
modelled by REGRESSION. This involves linking the distributions
of diatom species in surficial sediment samples (from a variety
of lakes) with associated lake chemistry and limnological
variables. Second, these modelled responses are used to infer
past chemistry from the composition of fosusil diatom asssemblages
by CALIBRATION.

Numerical procedures invelved canonical ordination (computer
program CANOCO 3.10) to identify the mosat important chemical and
limnological variables controlling the distribution of diatom
taxa, and weighted averaging regression and calibration (using
the computer program WACATLIB 2.,1).

Canonical Ordination

The modern data consist of diatowm counts from the surficial
sediments of 46 lakes in British Columbia with accompanying water
chenistry supplied by the Ministry of the Environment, B.C.
(Colin McKean). The lakes were chosen to include a wide range of
total phosphorus (5-85 ug/L) and a narrow range of pH (7.5-8.5).
The following limnological variables were included in the
analyses; altitude, watershed area, surface area, mastimum depth,
mean depth, Secchi, pH, specific conductivity, total phosphorus,
calecium, iron, magnesium, manganase, and aluminum. The diatom
data include all taxa identifiable to the aspecies level or lower,
that were present in at least 2 samples with a relative abundance
of 1% or greater in at least one sample. A total of 134 diatom
taxa meet these regquirements.

canonical correspondence analysis (CCA) was the ordination
technigque used to identify the limnological variables that
explained statistically significant directions of variation in
the diatom dlstributions. CCA simultaneously represents diatom
taxa, samples, and environmental variables in low-dimensional
space (i.e. the majority of variation is usually accounted for by
the first 2 axes), agssuming that species respond to
envirommental variables in a unimodal manner, The limnological
variables that were ldentified as gignificant determinants of
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diatom species distributions (Monte Carlo permutation test,

ng.QS) ware: maximum depth, conductivity, total phosphorus, and
calcoium,

Weighted Averaging Regression and Calibration

Weighted averaging regression estimates the optima and
tolerances of diatom species for the limnololgical variable of
interest (i.e. total phosphorus). Models differ with respect to
the uge of species tolerance downweighting and deshrinking
options. The model that performed best for total phosphorus was
weighted averaging regression (without tolerance downweighting)
with classical deshrinking (r®=0.733, RMSE=0.2264), on the basis
that it had the highest correlation between observed and
predicted values, the lowest root mean squared error of
prediction, and produced an even spread of residuals. The WA
regression and calibration model includes 37 lakes from British
Columbia that include a range of total phosphorus values from 5=
28ug/L.

Kamloops Lake

The inferred historical values of total phosphorus are
presented in Table 1.

Table 1. Diatom inferred total phosphorus values for Kamloops
Lake bhased on weighted averaging regreszsion and calibration.

Sediment WA totalP Upper STD Lowey STD Numbeyr of ]
Depth (ug /L) {ug/L) {ug /L) Species
0-1 cm 8,7 11.1 6.7 44
5-6 cm 9.3 12.0 7.2 48
10~-11 ¢cm 9.1 . 11.7 7.1 51
1516 om 8.4 10.8 6.5 41
20-22 com 7.1 9.1 5.5 40
24-26 cnm 6.4 8.2 4.9 47
30-32 cm 7.2 9.3 5.5 52
34-36 con 8.1 10.4 6.2 46
40~42 cm a.7 11.1 6,7 45
42-44 ©m 7.3 9.4 5.6 46
44-46 onm 8.7 1l,.2 6.7 47
b===~46—48 om g.2 __ 10,5 6.3 B4
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A stratigraphy of the inferred total phosphorus values for the
Kamloops Lake sediment core is presented in figure 1 (the dotted
lines indicate one standard deviation unit about the inferred
total phoasphorus values). Total phosphorus values have changed
very little (approximately 2 ug/L) over the periocd of time
represented in the core. The highest phosphorus values occur at
the intervals 5-6 cm and 10-11 om. I also present a list of all
the diatom taxa (along with their relative abundances and optima
for total phosphorus) from Kamloops lake sediment samples that
are included in the weighted averaging regression and calibration
model (Table 2). The taxa included in the WA model account for
betwaen 74 and 84% of the total diatom abundances from Kamloops
Lake.

The technigques employed in these phosphorus reconstructions
are thought to be very applicable to the Kamloops Lake sediment
samples for several reasons, and should perform well. First, the
WA model includes a high percent of the diatom abundance from the
Kamloops Lakes samples. Second, the Kamloops Lake samples did
not form outliers based on diatom species composition in a -
Detrended Correspondence Analysis of the full B.C lake training
gset. Third, the present day total phosphorus values for Kamloops
Lake are within the range of values covered by the training set
of lakes., Finally, the diatom inferred value for the surface
sediment sample (8.7ug/L) closely agrees with the average present
day water chemistry value determined by the B.C. Minigtry of the
Environment (8.8ug/L, Colin McKean, personal communication). -
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